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1.

TASCC SUMMARY

by J.C. Hardy, J.S. Geiger and H. Schmeing

1.1

GENERAL

The past six months have been characterized by solid progress on most
experimental fronts, and by three untoward events affecting accelerator
operation: at the end of August one of the Tandem charging chains broke; in
November we experienced a five-hour power outage, which resulted in the
complete loss of the helium inventory in our cryogenic system; and in December
a gate valve was inadvertently opened, uncontrollably venting the cyclotron
midplane. Although all three events were serious, prompt action on the part
of the facility operations staff, and flexibility on the part of the
researchers, resulted in the total forced shutdown time being only 11% of the
entire period.
One of the most interesting experimental findings was in the study of
dlelectronic recombination (DR) for helium-like 7 9 Br ions channeled along the
<110> axis of a thin gold crystal. The TASCC measurement, which used a 17.9 A
MeV beam from the cyclotron, showed a KLL electron-capture resonance strength
and width in agreement with theory, and in strong disagreement with a similar
experiment performed elsewhere. Our results will appear shortly in Physical
Review Letters —
the first cyclotron-based experiment we have published
there.
Substantial progress has been made in other areas as well. We increased the
amount of data and strengthened our evidence for hyperdeformation in
15 2,153rjy.
The study of intruder bands in Z-50 nuclei, which involves 35
researchers from 8 institutions in 5 countries, is yielding a remarkable
wealth of information.
And a first experiment on sub-threshold pion
production has shown real promise.
Once again, the cyclotron beam time has increased.
In all, the cyclotron
provided beam on target for 764 hours, a 46% increase over the highest value
previously recorded in a six-month period.
These beams were used on four
occasions in reactions experiments, twice with ISOL, once with the 8n
spectrometer, twice in atomic-physics experiments and once in a study of
radiolysis.
Even with this more-taxing schedule, beam development has not
abated, with nine new beams having been extracted. Including beam development
and operator training, the cyclotron operated for 1482 hours, or 45% of the
total facility beam time.
Between July and the end of December, Tandem beams were used, either for
experiments or development purposes, for a total of 3460 hours. This beam
time was 89% of the scheduled operating time and 78% of the total time
available — a rather poorer record than usual, owing to the charging-chain
failure. The cyclotron had a comparable record, it being operational for 84%
of the scheduled operating time. Viewed as a whole, the facility operated for
87% of its scheduled time, or 75% of the total time — not the best we have
ever done, but a good record under difficult circumstances.
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 54% of the total laboratory research effort and figure prominently
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in most of the scientific publications. The proportion of outside users has
been increasing for some time now, and is not confined to just a few
experimental programs. This is a very welcome development, not only because
it enriches the science at TASCC but also because it includes large numbers of
graduate students who are basing their thesis work here. This is a healthy
sign for the future of TASCC and of heavy-ion nuclear physics.

1.2

RESEARCH

The s-forbidden Gamow-Teller decay of 3 7 K has been further studied.
A search
of data already in hand for evidence of J± -• J^ first-forbidden /8-decay
branches has yielded a branching ratio value for 3 7 K(3/2 + ) •• 37 Ar(3/2") and a
branching ratio limit in the case of 3 9 Ca(3/2 + ) - 3 9 K(3/2-).
While the
exploratory studies on the possible use of electron-capture-to-positron ratios
in the 6 9 G e decay indicate poor sensitivity to the presence of a 17-keV
neutrino, such measurements should provide valuable tests of screening
corrections.
Further tests on the production of neutron-rich isotopes by
projectile fragmentation indicate that this mode of production, used in
conjunction with faster ion sources, will enhance the range of isotopes
available for study at ISOL.
A first trial run was made of an experiment to measure the sub-threshold pionproduction cross section in a heavy-ion reaction.
The results obtained
indicate that the technique being used should permit a quantitative
measurement of this, cross section.
The Laval reactions group mounted two
experiments that used the newly completed 80-detector CRL-Laval array to study
24
Mg projectile fragmentation and 2 4 Mg + 1 2 C central collisions at 25A and
35A MeV.
Results from the completed analysis of an earlier experiment to
study the 3 5 C l + 1 9 7 A u reaction at 30A MeV are summarized and a status report
given on analysis of the experiment done at the National Superconducting
Cyclotron Laboratory in 1991 September.
This report contains comprehensive coverage of the results that have been
obtained in an extensive study of intruder bands in Z - 50 nuclei and of
companion studies that have been started on N - 50 nuclei. An interpretation
is given of many of the key features of the observed rotational-band structure
of 1 2 7 L a . Quadrupole moments of the highly deformed bands in 1 3 6 Nd and 1 3 5 Nd
have been measured. The nuclei u 1 P m , 1 4 4 E u and 1 4 4 S m have been studied to
understand the transition from highly deformed shapes in the A-130-140 region
to superdeformed bands in the A -150 region. Some staff participated in an
experiment on superdeformation in U 9 G d , which was done with the first of the
third-generation 7-ray spectrometer arrays, Eurogam. An example is given of
the spectral quality achieved under various analysis conditions.
The
experimental evidence that has been obtained for hyperdeformation in Dy is
presented.
The status of spectroscopic studies of 1 6 7 H f is reported.
An
attempt to measure the lifetimes of levels in an oblate dipole band in 1 9 7 P b
by the doppler shift method showed that the lifetimes were too long for the
technique and would require the recoil-distance technique instead.
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Results of dielectronic recombination studies for ? 9 Br 3 7 + ions channeled along
the <110> axis of thin crystals of Au and Ni are presented.
The Au
measurements yield results fully supporting the conventionally predicted cross
section and resonance width, and in strong disagreement with a published
result for T i 2 0 + ions channeled along this same axis in Au. A further attempt
was made at ion-beam studies of the high-Tc superconductor, YBa 2 Cu 3 0 7 . x . An
attempt to measure a difference in the oxygen atom lattice positions above and
below T c failed because of inadequacies in the vacuum system, and an attempt
to measure dielectronic recombination proved unsuccessful because the crystal
quality, while improved over that of the previous trial, was still inadequate.
Technical developments that address present limitations in the 3 6 C 1
accelerator mass spectrometry are described and the research studies that have
been worked on are summarized.
Results obtained in the study of the role of the anion on the oxidation of
near-surface deuterium in Zr-2.5wt%Nb and of the role of stress in deuterium
uptake by thin foils of this material are presented. First results from a new
Nuclear Physics Branch/Fuels Materials Branch collaborative program, which
uses Tandem accelerator beams to simulate in-reactor irradiation phenomena,
are reported.
The radiolysis work done by a collaboration of Systems
Chemistry and Corrosion Branch and Nuclear Physics Branch was extended to
studies with a 540 MeV 1 2 C beam from the cyclotron.
1.3

INSTRUMENTATION AND FACILITY DEVELOPMENT

Development work on ISOL sources in current use is reported, as is work on a
new high-temperature hot-cavity source, which is designed to have low
residence time. The current status of the preparatory work being done toward
a proposal for a Penning-trap type mass spectrometer to be used for unstableatom mass measurements is reported.
Some of the factors affecting the
feasibility of using radioactive beams to extend the scope of precision 0+-»0+
superallowed p decay studies to heavier species have been investigated.
In
particular, the impact of inverse kinematics on reaction measurements is
investigated.
The present status of the CRL-Laval forward array is described, as is the
calibration of the array with secondary beams. Work on the upgrading of the
miniball particle-detector array from a 24-element to a 45-element
configuration is reported.
The design of the TRIGAM spectrometer is
described; a proposal for this third-generation 7-ray detector array has been
submitted to NSERC.
Development work on a new data scanner, a new multi-channel multi-sealer
system and other special-purpose data-acquisition electronic modules is
summarized.
Numerous upgrades to the CCUR 3230/3280 systems software are
documented.
The data-acquisit?on computer network has been linked with the
CRL site network and can now be remotely accessed. The SUN workstations are
seeing increased use for playback and graphics data analysis.
Software
development has taken place for both data analysis and on-line graphical work.
Software has been developed for the TASCC PDP 11/44 control computers that
provides automatic optimization of beam steering through sections of beam
line.
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Code-development work is in progress to reproduce the ion optics of the ion
source.
A major aim is to include the treatment of elements that lack
cylindrical symmetry. The magnetic-field model for the TASCC superconducting
cyclotron has been significantly improved and some options for further
refinement identified.
A collaboration from McMaster University and TASCC tested a Bragg detector
constructed to facilitate heavy-ion elastic-recoil detection.
The target
laboratory produced a broad range of targets for nuclear-physics experiments,
fulfilled requests for materials from other branches and handled commercial
work.
1.4

ACCELERATORS

Accelerator operation during the report period was quite successful for both
cyclotron and Tandem.
The cyclotron was scheduled for nine research
experiments for a total of 48 days, using a broad mix of easy and difficult
beams. Nine new beams were developed from the machine during six development
runs, accounting for 24 days. Operator training was scheduled twice, for a
total of three days.
Cyclotron deflector operation was reliable, with only two unplanned servicing
periods needed during an eight-month operational period.
While the
reliability of the electrostatic deflector was much improved, effort was
continued to reduce the number of forced midplane openings to a minimum. For
instance, to permit changes in the deflector gap size for different beams
without opening the midplane, a deflector assembly featuring a remotelyadjustable gap was installed for the first time. In addition, a third radial
diagnostic probe was also installed to reduce the time required for acceptable
centering of accelerated beams.
Other major improvements being instituted at this time are:
computer
monitoring and control of the cryogenics plant; a revision of the computer
control for the cyclotron main magnet (particularly the monitoring of coil
temperatures); and the conversion of accelerator computer control to Vsystem.
Although much effort has been spent improving cyclotron reliability, many
cyclotron systems are being pushed to their operational limits to produce
difficult beams.
As a result, reliability of the cyclotron as a whole has
suffered.
In particular, the deflector and radial probe heads require
considerable attention between difficult runs.
Operating statistics for the facility are provided in Table 1.4.1.
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TABLE 1.4.1
TANDEH AND CYCLOTRON OPERATING RECORD
1992 JULY 1 TO DECEMBER 31
TIHE (HOURS)
CYCLOTRON

FACILITY

USE

TANDEH

System available

2866.7

1015.0

2543.7

Beam development

593.6

467.2

748.1

Planned shutdown

538.9

2649.0

630.9

Forced shutdown

416.8

284.8

493.3

4416.0

4416.0

4416.0

TOTAL ELAPSED TIME

1.5

PUBLICATIONS. REPORTS. LECTURES AND CONFERENCE CONTRIBUTIONS

Publications
APPLICATION OF DIFFERENTIAL-AND-LIE-ALGEBRAIC TECHNIQUES TO THE ORBIT DYNAMICS
OF CYCLOTRONS
W.G. Davies, S.R. Douglas, G.D. Pusch and G. Lee-Whiting
Proc. IEEE 1991 Particle Accelerator Conference, San Francisco, California,
1991 May 6-9, p. 303
ION-BEAM STUDIES OF DEUTERIUM INGRESS INTO ZIRCONIUM
R.L. T a p p i n g , J . S . F o r s t e r , T.K. A l e x a n d e r , D. P h i l l i p s ,
J.R. Leslie
Proc. The Electrochemistry Society, PV91-7 (1991) 138.

T. Laursen

and

STUDY OF THE 29 A.MeV 2 0 8 Pb+ 1 9 7 Au REACTION THROUGH NEUTRON MULTIPLICITY
MEASUREMENTS
D. Jacquet, B. Gatty, S. Bresson, E. Crema, J. Galin, D. Guerreau, M. Morjean,
C. Paulot, J. Pouthas, E. Piasecki, A. Kordyaz, J. Jastrzebski, L. Pienkowski,
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U. Jahnke
Proc. Int. Conf. on New Nuclear Physics with Advanced Techniques, Ierapetra,
Crete, Greece, 1991 June 23-29
NEUTRON MULTIPLICITY MEASUREMENTS AS A TEST OF THE CHARACTER OF THE COLLISION
D. Jacquet, S. Bresson, R. Bougault, J. Colin, B. Cramer, E. Crema, J. Galin,
B. Gatty, A. Genoux-Lubain, D. Guerreau, D. Horn, U. Jahnke, J. Jastrzebski,
A. Kordyasz, C. Lebrun, J.F. Lecolley, B. Lott, M. Louvel, M. Morjean,
C. Paulot, E. Piasecki, L. Pienkowski, J. Pouthas, B. Quednau, F. SaintLaurent, W.U. Schroder, E. Schwinn, W. Skulski, A. Sokolov, J. Tôke and
X.M. Wang
Proc. XXIX Int. Winter Meeting on Nuclear Physics, Bormio, Italy, 1991 January
14-19
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SPECTROSCOPY OF NUCLEI NEAR 126 Ba
D. Ward
Proc. Workshop/Symposium on Future Directions in Nuclear Physics with 4n Gamma
Detection Systems of the New Generation, Strasbourg, France, 1991 March 4-16
(AIP, New York 1992) p. 358
RADIATION ORIGINATING FROM UNRESOLVED SUPERDEFORMED STATES IN U 9 G d
J.P. Vivien, D. Balouka, B. Haas, H.R. Andrews, D.C. Radford, D. Ward,
V.P. Janzen, D. Prévost, J.C. Waddington, S. Flibotte, S. Pilotte, P. Taras,
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THE MASS DEPENDENCE OF CsI(Tl) SCINTILLATION RESPONSE TO HEAVY IONS
D. Horn, G.C. Ball, A. Galindo-Uribarri, E. Hagberg, R.B. Walker, R. Laforest
and J. Pouliot
Nucl. Instr. and Meth. A320 (1992) 273
EXCITATION ENERGY EVOLUTION AND MULTI-PARTICLE CORRELATIONS IN HEAVY ION
PERIPHERAL COLLISIONS AT INTERMEDIATE ENERGIES
D. Doré, L. Beaulieu, R. Laforest, J. Pouliot, R. Roy, C. St-Pierre, G. Auger,
P. Bricault, S. Groult, E. Plagnol and D. Horn
Int. Conf. on Dynamical Fluctuations and Correlations in Nuclear Collisions
Workshop, Aussois, France, 1992 March 16-20
Nucl. Phys. A545 (1992) 363c
SEQUENTIAL LCP EMISSION ASSOCIATED WITH MULTIFRAGMENTATION OF THE Pb+Au SYSTEM
AT 29 MeV/u
A. Chbihi, R. Bougault, S. Bresson, J. Colin, E. Crema, J. Galin, B. Gatty,
A. Genoux-Lubain, D. Guerreau, D. Horn, D. Jacquet, U. Jahnke, J. Jastrzebski,
A. Kordyasz, C. le Brun, J.F. Lecolley, B. Lott, M. Louvel, M. Morjean,
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Proc. Int. Dynamical Fluctuations and Correlations in Nuclear Collisions
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Nucl. Phys. A545 (1992) 229c
ISOSPIN FORBIDDEN /3 TRANSITIONS TO LOW-LYING 0+ STATES AND THE EFFECT ON
SUPERALLOWED DECAY RATES
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Press (1992), p. 331
FISSION OF SPIN-ALIGNED PROJECTILE-LIKE NUCLEI IN THE INTERACTIONS OF 29
MeV/NUCLEON 208 Pb W I T H 1 9 7 A U
S. Bresson, M. Morjean, L. Pienkowski, R. Bougault, J. Colin, E. Crema,
J. Galin, B. Gatty, A. Genoux-Lubain, D. Guerreau, D. Horn, D. Jacquet,
U. Jahnke, J. Jastrzebski, A. Kordyasz, C. Le Brun, J.F. Lecolley, B. Lott,
M. Louvel, C. Paulot, E. Piasecki, J. Pouthas, B. Quednau, W.U. Schroder,
W. Skulski and J. Toke
Phys. Lett. B294 (1992) 33
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V.P. Janzen, H.R. Andrews, T.E. Drake, D. Fossan, A. Galindo-Uribarri,
B. Haas, A. Omar, D. LaFosse, R. Hughes, S. Mullins, E. Paul, L. Perrson,
S. Pilotte, D. Prévost, D.C. Radford, J. Rodriguez, M. Sawicki, H. Schnare,
H. Timmers, P. Unrau, J.C. Waddington, R. Wadsworth, D. Ward, J. Wilson, R.
Wyss and G. Zwartz
Proc. Int. Conf. on Nucl. Str. at High Angular Momentum/Workshop on Large
Gamma-Ray Detectors Arrays Chalk River/Ottawa, Ontario, 1992 May 18-23, AECL10613, Vol. II, p. 333
NEW FEATURES IN THE SPECTRUM OF 1 5 2 Dy AT VERY HIGH SPIN: EVIDENCE FOR
HYPERDEFORMATION?
A. G a l i n d o - U r i b a r r i , H.R. Andrews, G.C. B a l l , T . E . Drake, G. Hackmann,
V . P . J a n z e n , S.M. M u l l i n s , L. P e r s s o n , D.C. Radford, J . C . Waddington and
D. Ward
Proc. Int. Conf. on Nuclear Structure at High Angular Momentum, Ottawa,
Ontario, 1992 May 18-21, AECL-10613, Vol. II, p. 47
A SUPERDEFORMED BAND IN U 2 S m
G. Hackman, S.M. Mullins, J.A. Kuehner, D. Prévost, J.C. Waddington,
A. Galindo-Uribarri, V.P. Janzen, D.C. Radford, N. Schmeing and D. Ward
Proc. Int. Conf. on Nucl. Str. at High Angular Momentum/Workshop on Large
Gamma-Ray Detectors Arrays, Chalk River/Ottawa, Ontario, 1992 May 18-23, AECL10613, Vol. II, p. 203
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AN l 1 3 / 2 NEUTRON INTRUDER BAND IN u 1 G d
S.M. Mullins, H.R. Andrews, G.C. Ball, T.E. Drake, A. Omar, D.B. Fossan,
A. Gallndo-Uribarri, V.P. Janzen, D.R. LaFosse, L. Persson, D. Prévost,
D.C. Radford, P. Vaska, J.C Waddington, R. Wadsworth, D. Ward and M. Waring
Proc. Int. Conf. on Nucl. Str. at High Angular Momentum/Workshop on Large
Gamma-Ray Detectors Arrays, Chalk River/Ottawa, Ontario, 1992 May 18-23, AECL10613, Vol. II, p. 250
ORBITAL CONFIGURATIONS AND POPULATION CHARACTERISTICS OF THE SUPERDEFORMED Gd
ISOTOPES
V.P. Janzen, B. Haas, D. Ward, D.C. Radford, D. Prévost, J.C. Waddington and
I. Ragnarsson
Proc. Workshop/Symposium on Future Directions in Nuclear Physics with 4* Gamma
Detection Systems of the New Generation, Strasbourg, France, 1991 March (AIP,
New York, 1992) p. 174
MULTIPLE BAND STRUCTURE AND BAND TERMINATION IN 15r Ho: TOWARDS COMPLETE HIGHSPIN SPECTROSCOPY
D.C. Radford, H.R. Andrews, G.C. Ball, D. Horn, D. Ward, F. Banville,
S. Flibotte, S. Monaro, S. Pilotte, P. Taras, J.K. Johansson, D. Tucker,
J.C. Waddington, M.A. Riley, G.B. Hagemann and I. Hamamoto
Nucl. Phys. A545 (1992) 665
POTENTIAL ENHANCEMENT OF MAGNETIC DEFLECTION IN THE CHALK RIVER
SUPERCONDUCTING CYCLOTRON EXTRACTION SYSTEM
C.R. Hoffmann and E.H. Lindqvist
Proc. XIII International Conference on Cyclotrons and Their Applications,
Vancouver, B.C. 1992 July 6-10, edited by G. Dutto and M.K. Craddock, World
Scientific (1992).
Reports
PROCEEDINGS OF THE "INTERNATIONAL CONFERENCE ON NUCLEAR STRUCTURE AT HIGH
ANGULAR MOMENTUM" OTTAWA, 1992 MAY 18-21 AND "WORKSHOP ON LARGE GAMMA-RAY
DETECTOR ARRAYS" CHALK RIVER LABORATORIES, 1992 MAY 22-23
D. Ward
AECL-10613, Vol. 1
PROCEEDINGS OF THE "INTERNATIONAL CONFERENCE ON NUCLEAR SVRUCTURE AT HIGH
ANGULAR MOMENTUM" OTTAWA, 1992 MAY 18-21 AND "WORKSHOP ON LARGE GAMMA-RAY
DETECTOR ARRAYS" CHALK RIVER LABORATORIES, 1992 MAY 22-23
D. Ward
AECL-10613, Vol. 2
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SCC Notes
RUN DIARY: PRODUCTION OF 81BR-18
L.W. Thomson
SCC Note (Series II) # 64.7

(92-7-20/27)

RUN DIARY: PRODUCTION OF 81 BR-18
L.W. Thomson
SCC Note (Series II) # 64.8

(92-11-3/8)

RUN DIARY: PRODUCTION OF 81BR-18 AND
L.W. Thomson
SCC Note ( S e r i e s I I ) # 64.9

127

I-19

(92-7-20/27)

RUN DIARY: PRODUCTION OF 3 7 CL-35 (93-02-1/6)
L.W. Thomson
SCC Note (Series II) # 111.4
MEASUREMENT OF EXTRACTION CHANNEL POWER SUPPLY STABILITY
J.S. Wills
SCC Note (Series II) # 144
CHECK OF COIL CENTERING FOLLOWING VACUUM FAILURE
R.E. Milks
SCC Note (Series II) # 146
RUN DIARY: PRODUCTION OF 2*MG-25 AND 76GE-4.2
L.W. Thomson
SCC Note (Series II) # 148.1

(92-11-25/12-04)

BEAMS EQUIVALENT TO THOSE DEVELOPED BY AUGUST 1992
E.H. Lindqvist
SCC Note (Series II) # 150.1
RUN DIARY: PRODUCTION OF 24MG-35 (92-7-13/16)
L.W. Thomson
SCC Note (Series II) # 151.1
RUN DIARY: PRODUCTION OF 24MG-35
L.W. Thomson
SCC Note (Series II) # 151.2

(92-8-14/27)

RUN DIARY: FIRST EXTRACTION, PRODUCTION OF 81BR-4.37
L.W. Thomson
SCC Note (Series II) # 152
IMPROVEMENT IN SENSITIVITY OF CAPACITIVE PHASE PROBES
N.A. Towne, P.J. Bunge and S.G. Whittle
SCC Note (Series II) # 153

(92-6-21/27)
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SNEAP 1992 PROGRAM AND LAB REPORTS
L.W. Thomson
SCC Note (Series II) # 154
RUN DIARY: 12C-23, 180-36.5 AND
L.W. Thomson
SCC Note ( S e r i e s I I ) # 155
RUN DIARY: 1 2 C - 4 5 , i 8 0 - 3 8 ,
L.W. Thomson
SCC Note (Series II) # 156

81

18

0-38

(92-9-30/10-4)

BR-18 AND 6 LI-50 DEVELOPMENT (92-10-14/20)

CLARIFICATIONS ON SOME BEAMS THAT CAN CAUSE CONFUSION
E.H. Lindqvist
SCC Note (Series II) # 157
RUN DIARY: 1 2 C - 5 2 . 5 , 8 1 BR-18, 6 L I - 5 0 AND 79 BR-25 (92-10-26/31)
L.W. Thomson
SCC Note (Series II) # 158.0
RUN DIARY: DEVELOPMENT OF 7LI-30, 14N-30,
L.W. Thomson
SCC Note (Series II) # 159.0

28

RUN DIARY: DEVELOPMENT OF 7LI-30, 14N-30,
L.W. Thomson
SCC Note (Series II) # 159.1

28

SI-30 (92-11-11/18)

SI-30,

16

0-25 (92-11-11/18)

TASCC Instructions
SF6 GAS TRANSFER PROCEDURES
L.B. Bender and J.W. McKay
TASCC Instruction 3.18
CRYOGENIC SYSTEM NORMAL OPERATION GUIDELINES
R.R. Tremblay
TASCC Instruction 4.2.24
Invited Lectures
HIGH-SPIN PHYSICS WITH THE 8TT SPECTROMETER
V.P. Janzen
Seminar presented at McMaster University, Hamilton, Ontario, 1992 May 5
SUPERALLOWED FERMI p DECAY - A STATUS REPORT
I.S. Towner, J.C. Hardy, E. Hagberg and V.T. Koslowsky
Int. Conf. on Weak and Electromagnetic Interactions in Nuclei, Dubna, 1992
June 16-22
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ADVANTAGES OF DIFFERENTIAL-ALGEBRA AND LIE-ALGEBRA IN THE ORBIT DYNAMICS OF
CYCLOTRONS
W.G. Davies
XIII Int. Conf. on Cyclotrons and their Applications, Vancouver,
B.C., 1992 July 6-10
THE USE OF CYCLOTRONS FOR PHYSICS EXPERIMENTS, PAST, PRESENT AND FUTURE
J.C. Hardy
XIII International Conference on Cyclotrons and their Applications, Vancouver,
Canada, 1992 July 6-10
CONCLUDING REMARKS
J.C. Hardy
Summary talk given at the 6th International Conference on Nuclei far from
Stability held in Berkastel-Kues, Germany, 1992 July 19-24
SECOND AND HIGHER FOLD ANALYSIS
D.C. Radford
Euroball User Meeting, INFN, Legnero, Italy, 1992 September 28-30
PROTOTYPICAL EXPERIMENTS: PROTON-RICH NUCLEI — REACTION STUDIES WITH INVERSE
KINEMATICS
J.C. Hardy
Workshop on the Production and Use of Intense Radioactive Ion Beams at the
Isospin Laboratory, Joint Institute for Heavy Ion Research, Oak Ridge, TN,
1992 October 7-10
THE NEW DETAILED SPECTROSCOPY OF HIGH-SPIN STATES
D.C. Radford
International Seminar on the Frontier of Nuclear Spectroscopy, Kyoto, Japan,
1992 October 23-24
HIGH-SPIN STUDIES: RECENT RESULTS FROM THE 8* SPECTROMETER
D.C. Radford
21st Int. Conf. on Rapidly Rotating Nuclei, Tokyo, 1992 October 26-30
SUPERALLOWED NUCLEAR BETA DECAY: A SENSITIVE PROBE OF THE STANDARD MODEL
J.C. Hardy
Symposium on Nuclear Physics of Our Times, Sanibel, Florida, 1992 November 1621
ON THE ROTATIONAL BAND STRUCTURE OF 1 2 7 L a
D. Ward
Symposium on Nuclear Physics of Our Times, Sanibel, Florida, 1992 November 1621
SUPERALLOWED NUCLEAR BETA DECAY: A SENSITIVE PROBE OF THE STANDARD MODEL
J.C. Hardy
Seminar presented at Queen's University on 1992 November 25
SUPERALLOWED NUCLEAR BETA DECAY: A SENSITIVE PROBE OF THE STANDARD MODEL
J.C. Hardy
Seminar presented at SUNY, Stony Brook on 1992 December 9
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HIGH-SPIN PHYSICS IN INTRUDER TERRITORY
V.P. Janzen
Seminar presented at Lawrence Berkeley Laboratory, Berkeley, California, 1992
December 15
Conference Submissions
ENERGY DISSIPATION IN HEAVY-ION COLLISIONS AROUND THE FERMI ENERGY STUDIED BY
NEUTRON MULTIPLICITY MEASUREMENTS
D. Jacquet, B. Gatty, S. Bresson, E. Crema, J. Galin, D. Guerreau, M. Morjean,
C. Paulot, J. Pouthas, E. Piasecki, A. Kordyaz, J. Jastrzebski, L. Pienkowski,
W. Skulki, B. Lott, R. Bougault, J. Colin, A. Genoux-Lubain, D. Horn,
C. Lebrun, J.F. Lecolley, M. Louvel, B. Quednau, W.U. Schroeder, J. Toke and
U. Jahnke
Tours Symposium on Nuclear Physics, Tours, France, 1991 August 29-31
B TRANSITIONS TO NON-ANALOGUE 0 + STATES AND THE IMPACT ON SUPERALLoWED DECAY
RATES
E. Hagberg, V.T. Koslowsky, T. Shinozuka, J.G. Hykawy, J.C. Hardy, G. Savard,
P.P. Unger, H. Schmeing and I.S. Towner
6th Int. Conf. on Nuclei far from Stability and 9th Int. Conf. on Atomic
Masses, Bernkastel-Kues, Germany, 1992 July 19-24
RECENT NEUTRINO-PHYSICS RELATED MASS MEASUREMENTS AT THE UNIVERSITY OF
MANITOBA
J.G. Hykawy, R.C. Barber, K.S. Shartna, J.N. Nxumalo, P.P. Unger, C.A. Lander,
R.D. Peters and H.E. Duckworth
6th Int. Conf. on Nuclei far from Stability and 9th Int. Conf. on Atomic
Masses, Bernkastel-Kues, Germany, 1992 July 19-24
FIRST OBSERVATION OF THE DECAY OF 5 0 Fe
V.T. Koslowsky, E. Hagberg, J.C. Hardy and H. Schmeing
6th Int. Conf. on Nuclei far from Stability and 9th Int. Conf. on Atomic
Masses, Bernkastel-Kues, Germany, 1992 July 19-24
DIRECT MASS DETERMINATIONS OF NEUTRON DEFICIENT NUCLEI CLOSE TO 1 0 0 S n
K.S. Sharma, P.P. Unger, G.R. Dyck, R.C. Barber, E. Hagberg, J.G. Hykawy,
V.T. Koslowsky, J.C. Hardy, H. Schmeing, G. Savard, W. Perry and M. Watson
6th Int. Conf. on Nuclei far from Stability and 9th Int. Conf. on Atomic
Masses, Bernkastel-Kues, Germany, 1992 July 19-24
PRECISE STUDIES OF 0+-0+ SUPERALLOWED BETA EMITTERS AT CHALK RIVER
E. Hagberg, V.T. Koslowsky, I.S. Towner, J.C. Hardy, J.G. Hykawy, G. Savard,
T. Shinozuka, P.P. Unger and H. Schmeing
6th Int. Conf. on Nuclei far from Stability and 9th Int. Conf. on Atomic
Masses, Bernkastel-Kues, Germany, 1992 July 19-24
PRECISE 0-DECAY HALF-LIVES NEEDED FOR THE DETERMINATION OF THE WEAK VECTOR
COUPLING CONSTANT
V.T. Koslowsky, E. Hagberg, J.C. Hardy, G. Savard,
H. Schmeing, G. Dyck, P.P. Unger and K.S. Sharma
6th Int. Conf. on Nuclei far from Stability and 9th Int. Conf. on Atomic
Masses, Bernkastel-Kues, Germany, 1992 July 19-24
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MOMENTUM DISTRIBUTIONS IN HIGHLY EXCITED SYSTEMS
D. Horn, G.C. Ball, A. Galindo-Uribarri, E. Hagberg, R. Laforest and
J. Pouliot
Int. Nuclear Physics Conf. Wiesbaden, Germany, 1992 July 26-August 1
STUDY OF CHARGED PARTICLES POPULATING THE 152 Dy SUPERDEFORMED BAND
A. Galindo-Uribarri, H.R. Andrews, G.C. Ball, T.E. Drake, G. Hackmann,
V. Janzen, S. Mullins, L. Personn, D.C. Radford, J.C. Waddington and D. Ward
Int. Nuclear Physics Conf., Wiesbaden, Germany, 1992 July 26-August 1
EXCITATION ENERGY SHARING IN TRANSFER REACTIONS FOR 1 6 0 ON 1'?Au F R O M 32.5 TO
70 A MeV
R. Laforest, L. Beaulieu, D. Dore, J. Pouliot, R. Roy, C. St-Pierre, G. Auger,
P. Bricault, S. Groult, E. Plagnol and D. Horn
Int. Nuclear Physics Conf., Wiesbaden, Germany, 1992 July 26-August 1
A CsI-PLASTIC FORWARD ARRAY
R. Roy, L. Beaulieu, D. Dore, M. Gourde, R. Laforest, J. Pouliot, C. StPierre, G.C. Ball, A. Galindo-Uribarri, E. Hagberg and D. Horn
Int. Nuclear Physics Conf., Wiesbaden, Germany, 1992 July 26-August 1
SUPERDEF0RMATION IN GD I0S0T0PES
D. Ward
American Chemical Society, Division of Nuclear Chemistry and Technology,
Symposium on Nuclear Shapes, Washington, D.C., 1992 August 23-28
DIELECTRONIC RECOMBINATION (DR) IN He-LIKE 79 Br CHANNELED ALONG THE <110>
DIRECTION IN Au
J.S. Forster, J.U. Andersen, G.C. Ball, J. Chevallier, J.A. Davies,
W.G. Davies, J.S. Geiger and H. Geissel
6th Int. Conf. on the Physics of Highly-Charged Ions, Kansas State University,
1992 September 28-October 2
HIGH SPINS AND LIFETIMES IN 8A Sr
P. Chovdhury, C.J. Lister, S.J. Freeman, D. Vretenar, A. Galindo-Uribarri,
D.C. Radford, D. Ward and V.P. Janzen
Santa Fe Meeting of the American Physical Society, Santa Fe, New Mexico, 1992
October 14-17
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3.1

RESEARCH

3.1.1

&-forbidden Gamov-Teller Decays
E. Hagberg, T.K. Alexander, V.T. Koslowsky, G . C
J.S. Forster and G. Savard (Nuclear Physics Branch)
I.S. Towner (Theoretical Physics Branch)
I. Neeson, J.R. Leslie and H.-B. Mak (Queen's University)
J.C. Hardy (TASCC Division)
H. Schmeing (TASCC Accelerators and Development Branch)

Ball,

Our study of the ft-forbidden branch of 3 9 Ca was reported complete in PRTASCC-2: 3.1.4; AECL-10431, and the continuing disagreement between
experiment and theory pointed out. This work has now been written up and
submitted to Nuclear Physics A.
We also reported (ibid) on a short test performed on 3 7 K that showed
evidence for the ft-forbidden Gamow-Teller decay in this nuclide. We have
now performed a more elaborate experiment on 3 7 K and obtained twenty times
as much data. Ve are thus able to assign six new y rays and three new
beta transitions to the decay of this nuclide.
The ft-forbidden (3/2+ - l/2+) Gamow-Teller decay branch populates the
1410 keV excited state in the daughter, 3 7 Ar. A 1410 keV Y-ray peak from
the deexcitation of this state is clearly seen in our 7-ray spectrum with
a peak area of 9000 counts.
Among the new y rays observed in this
experiment are three that feed the 1410 keV state.
Their energies are
1386 keV, 2192 keV and 2527 keV and their intensities are 43Z, 13% and 3Z,
respectively, of that of the 1410 keV 7 ray. The remaining intensity is
assigned to the previously unobserved, ft-forbidden beta decay branch
feeding the 1410 keV state.
At present, the preliminary experimental
value for this branching ratio is much higher than the theoretical
estimate.
Detailed analysis is in progress.
3.1.2

Search for Candidate J± •• J+ First-Forbidden B Decays Near A=40
G. Savard, E. Hagberg, V.T. Koslowsky, W.L. Perry and M.J. Watson
(Nuclear Physics Branch)
J.C. Hardy (TASCC Division)
I.S. Towner (Theoretical Physics Branch)

The rank-zero axial-charge matrix element that contributes importantly in
J± -• J+ first-forbidden beta decays is strongly renormalized in the
nuclear medium. It is important for the theoretical understanding of this
phenomenon that as many examples of such transitions as possible be
studied in different mass regions. An analysis based on several
transitions near A=16 and about 20 transitions near A=208 indicates
significantly more enhancement to the axial-charge operator in heavy
nuclei than light nuclei, and more than theoretical calculations
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(I. Towner, Nucl. Phys. A")42 (1992) 613) anticipated. Some sparse data are
also available near A«4O,48,90 and 132 closed shells. To quantify better
the mass dependence of the renormalisation, a more detailed examination in
these mass regions is suggested. In particular, Varburton et al. (Ann.
Phys. 187(1988)471) have listed eight positron decays in nuclei near A=40
with predicted branching ratios between 10"4 and 10-6 that potentially
could be measured. Specifically, the decay of 3 8 Ca(0 + ) to 38K(0-;2.99 HeV)
and 4 2 Ti(0 + ) to 42Sc(0-;4.14 MeV) are highlighted as excellent candidates,
with predicted branching ratios of 2.8 x 10" 4 and 1.1 x 1 0 " 5 ,
respectively.
Ve had data on two of the candidate nuclei proposed by Varburton. A search
of t h e s e d a t a has provided e v i d e n c e for the 3 7 K ( 3 / 2 + ) to
37
Ar(3/2";2.49 MeV) transition with a branching ratio of 1.9(0.5) x 10"5
and placed an upper limit of 3.3 x 10-6 on the branching ratio for the
39
Ca(3/2 + ) to 39K(3/2-;3.02 MeV) transition. Both values are an order of
magnitude below the predicted values of 2.5 x 10- 4 and 5.1 x 10- 5 ,
respectively.
An experiment was performed to produce 3 8 C a with a 4 0 Ca( 3 He,an) 3 B Ca
reaction and transport the products with our He-jet system. The He-jet
system delivered about 6000 3 8 Ca atoms/second with a 0.75 ixk beam of 3 He.
The He-jet system, being non-selective, also delivered large quantities of
37
K, 3 8 K and 4 0 Sc. These contaminant activities and the fact that the 3 He
beam was available for only 10 hours limited the upper limit we could put
on the 3 8 Ca(0 + ) to 38K(0-;2.99 MeV) branch to 8 x 10" 4 , three times larger
than the predicted value. We are currently investigating the possibility
of using the mass separator with the thermal ionization source to produce
cleaner 3 8 Ca samples.
3.1.3

Electron-Capture-to-Posltron Ratio as a Probe for the Existence
of a Heavy Neutrino
G. Savard, E. Hagberg, V.T. Koslowsky, D.C. Radford and D. Ward
(Nuclear Physics Branch)
I.S. Towner (Theoretical Physics Branch)
J.C. Hardy (TASCC Division)

A second off-line experiment was performed with the 8« spectrometer on a
series, of 6 9 Ge collections prepared during a one-hour proton irradiation
at I SOL. These samples were much weaker than those used in the first
experiment (PR-TASCC-4: 3.1.5; AECL-10674) and uncertainties introduced by
random coincidences were reduced. The lower rates did not improve
significantly the signal-to-background ratio in the TAC spectrum of the
deexciting y rays detected in the germanium detectors with respect to the
511 keV annihilation pairs detected vith the BGO ball. Modification of the
delays between the germaniums and the BGO ball did not change the
background shape in the TAC spectrum. During the experiment, it was found
that many individual BGO detectors had thresholds too close to the noise
level and were firing at rates of close to 10 kHz. We are currently trying
to establish the impact of these large unvanted event rates on the complex
timing, energy and geometrical constraints put on the BGO signals to
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recognize unambiguously a 511-pair. Non-linearities in the TAC spectrum
are still observed. It is believed they might be due to loading of the
crates by the gating signals. More work is needed on this aspect of the
experiment.
Preliminary results obtained thus far for the ratio of the /S+-to-total
branching to total branching ratios in the decay of 6 9 Ge to pairs of
levels are 8.597 ± 0.034 and 152 ± 16 for the ratio to the 872 keV level
and the 574 keV level in 6 9 Ga, and for the ratio to the 1107 keV level and
the 872 keV level, respectively. The accuracy of the ratio of ratios to
the higher lying levels is mainly limited by the large random background
on the 4 x 10-5 0+ branch to the 1107 keV level. The two measured ratios
agree quite well with the theoretical values of 8.58 and 156.1 for these
two ratios.
On the one hand, it is becoming clear that it will be exceedingly
difficult to obtain the half-percent accuracy needed on the weaker branch
to make this a sensitive probe for a 17 keV neutrino. On the other hand,
the technique is working well and the ratio of ratios does cancel out most
experimental uncertainties, as expected. A flurry of retractions of
experiments, which had claimed to observe the 17 keV neutrino, has
occurred in the last few months, following the appearance of a paper by
Himes (Los Alamos Report LA-UR-92-3087), in which he claims that the
effect he observed was due to uncontrolled scattering phenomena. The
evidence for the existence of a 17 keV neutrino is now rather weak. We
expect the present experiment will still be useful in giving experimental
information on transitions very close to the p* emission threshold. It
should allow tests of the theoretical 0+/EC calculations and especially
the screening corrections in a region where they become predominant (e.g.,
it is an 18Z effect for the feeding to the 1107 keV level), and for which
no reliable data are available.
3.1.4

Neutron-Rich Isotope Production by Fragmentation at ISOL
G. Savard, K. Hagberg, V . T . Koslowsky, V.L.
M.J. Vatson (Nuclear Physics Branch)
K.S. Sharma and J.G. Hykawy (University of Manitoba)
J.C. Hardy (TASCC Division)

Perry

and

The availability of high-energy heavy ion beams from the cyclotron has
made it possible to create very neutron-rich isotopes for ISOL studies by
projectile fragmentation in thick targets. To map out the possibilities
of such a mechanism in the TASCC energy range, a second experiment has
been performed to complement the initial 35A MeV 3 7 C1 study (PR-TASCC-4:
3.1.6; AECL-10674).
This experiment was performed with an 18A MeV 8 l Br
beam on tantalum, vanadium and graphite targets with ISOL and either the
standard FEBIAD source or a modified FEBIAD with a stacked catcher
arrangement. In each case, the fragmentation products were stopped in the
catcher of the source. The products diffused out of the catcher, desorbed,
ionized and were mass analysed before being collected on a tape station
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situated at the end of the mass-separator beam line. The isotopes were
identified by observation of their decay vith a 70Z BPGe detector.
The results obtained in this run vere very encouraging vith I SOL yields
exceeding 104//iC for isotopes close to stability. These are smaller than
those observed for the chlorine beam, but this can be explained by the
lover energy and correspondingly smaller effective target thickness.
Unstable isotope production vas observed dovn to manganese (Z=25), vhich
is a fairly large distance on the nuclear chart from the primary bromine
(Z=35) beam. On the neutron-rich side, it was possible to identify
isotopes up to 7 neutrons avay from stability. The ISOL production is, of
course
strongly influenced by the large efficiency variations of the
FEBIAD source for different elements. The easy elements in the region,
such as gallium, copper and manganese, show broad production distributions
peaking close to stability and extending up to 7 8 Ga, 7 1 Cu and 6 0 Mn vith
productions of 35, 10 and 100 atoms per /JC, respectively.
The peak
production rates are again lover than those observed for the chlorine
beam, but extend farther from stability. This is likely due to the slover
decrease in half-lives vhen ve move avay from stability for heavier
elements.
The tests shoved consistently higher yields vith the standard FEBIAD
source than vith the modified version. It is believed that not enough heat
is delivered to the stacked catcher arrangement and this limits the
diffusion out of the catchers. Additional sources of heat vill have to be
added to this modified FEBIAD source for it to operate properly.
The
measurements vith different target materials indicated better yields for
isotopes far from the initial beam vith the tantalum target. For isotopes
close to the initial beam, the lighter targets gave better yields. As vas
the case vith the chlorine beam, many reaction mechanisms contribute to
the yields observed. Ve observed, for example, large productions of
neutron-rich bromine isotopes from pick-up reactions. The most exotic
gallium isotope ve observed, 78 Ga, requires the removal of four protons
and the addition of one neutron to 8 1 Br.
To create it ve therefore
require a mechanism closer to deep inelastic collisions than pure
projectile fragmentation.
The attempt to use the high-energy cyclotron beams to produce neutron-rich
isotopes for ISOL studies looks promising and vill be pursued. This mode
of production, vhen coupled to the faster ion sources ve are currently
developing, should bring, in the very near future, a considerable
enhancement to the variety of isotopes that can be produced at ISOL.
3.1.5

Background Measurements and Feasibility Tests for Pionic Fusion
Experiments
D. Horn, G.C. Ball, D.R. Bovman, V.G. Davies and G. Savard

Pions can be produced in collisions betveen heavy ions vith relative
velocities belov that of the nucleon-nucleon pion production threshold.
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Recent experimental and theoretical work in this area has been reviewed by
Cassing et al. (Phys. Rep. 188 (1990) 363). The production cross sections
at the lowest energies measured to date cannot be explained in terms of
single nucleon-nucleon collisions, even when the relative velocities are
adjusted to include the intrinsic Fermi motion of the nucléons. Assumption
of some cooperative effects is therefore required, and measurement of
cross sections at even lower energies is needed to discriminate among the
various proposed mechanisms. In principle, a heavy-ion collision near the
absolute energy threshold for creation of a pion could result in a pion
plus a fused compound nucleus having inadequate excitation energy to decay
by particle evaporation. The yield for this process has been measured for
light-ion-induced reactions such as 3 He( 12 C, 15 N)w + (V. Schott et al., Phys.
Rev. C34 (1986) 1406), but never for heavy-ion reactions.
Proposed Technique
An experiment was performed to investigate the suitability of the Q3D
spectrometer for detection of mass A=24 fusion products at 0° from the
12
C( 12 C, 2 «Mg)*° and 1 2 C( 1 2 C, 2 4 Na)x + reactions at 23A MeV (E CB = 138 MeV).
The beam energy was chosen to populate the lowest-lying T=l states in 2 4 Na
and 2 4 Mg, with some 7 MeV remaining for residual excitation and pion
kinetic energy. The optimum target thickness was calculated so that the
spread in the residue's momentum due to energy loss in the target and
recoil energy from pion emission would not exceed the momentum acceptance
of the 50-cm heavy-ion counter (see Ball et al., Nucl. Phys. A325 (1979)
305) in the spectrometer focal plane. Extrapolation from light-ion data
and from heavy systems at higher energies suggested cross sections of the
order 10" X 1 to 10"9 barns. Therefore, even a small background rate of
degraded beam particles and of reaction products from target impurities
could overwhelm the anticipated count rate of some 10 events per day.
Setup
With a 2 4 1 Am alpha-particle source in the target chamber, the spectrometer
magnetic field was varied to map the momentum range of the positionsensitive heavy-ion counter, which was centered on a radius of curvature,
p ~ 85 cm In the Q3D. It was determined that a magnetic field of 0.8776
tesla would position 136.5-MeV recoils of mass A=24 and charge q=ll+ at
the center of the counter. The counter was operated with 211 to 248 torr
(28.1 to 33.1 kilopascals) of isobutane and a 1.5-mg/cm2 aluminized mylar
window; an additional 10Z increase in gas pressure caused the window to
rupture, necessitating replacement. The spectrometer entrance aperture was
17.2 mm in diameter, which admitted ions within 1.5° of the beam
direction. The primary beam of 23A MeV 1 2 C was stopped on a metal plate
positioned inside the first dipole of the spectrometer, with an antiscattering baffle at a somewhat smaller radius of curvature than the beam
stop providing additional protection against degraded beam particles. The
target comprised three foils of isotopically separated 1 2 C , stacked to
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give a total thickness of 490 /jg/cm2. The target had been baked in vacuum
to drive off moisture and volatile contaminants, and was then stored and
mounted in an argon atmosphere.
Background from Degraded Beam
Although degraded beam particles are not normally registered in the part
of the heavy-ion spectrum corresponding to heavy residues, they do affect
the measurement by contributing to detector dead time and to piled-up
events that may produce background in the region of interest. We therefore
devoted considerable effort to obtaining the cleanest possible beam. After
the initial focussing of the bean on a scintillator in the target chamber,
the target assembly was completely withdrawn and the beam admitted into
the spectrometer. For 30 enA of bean current, the focal plane detector was
counting at a rate of 50 000 s"1, indicating a large flux of degraded and
slit-scattered beam. The rate was reduced to the tolerable level of a few
hundred counts per second by an improvement in the beam centering and by a
restriction in the vertical dimension of the slits immediately following
the cyclotron analyzing magnet. Since even a modest collimation in the
section of beam pipe in a direct line of sight from the spectrometer
produces an unacceptable amount of slit scattering, a new set of slits is
being installed for future measurements. It is located before the final
dipole of the BTS, so that the magnet can remove any beam degraded by the
slits.
Reaction Products
Vhen the data were analysed off-line, ions were identified by their
differential energy loss, their residual energy and their momentum-tocharge ratio; rejection of events as "pileup" when there was evidence of a
double trigger pulse significantly reduced the background in the Na and Mg
regions of the spectra. In addition to coming from pionic fusion
reactions, mass-24 products with the expected recoil velocity could also
come from fusion-evaporation reactions with target contaminants such as
oxygen. Clearly, it was important to measure the magnitude of this
contribution at momenta just outside the range permitted in pionic fusion.
Ve therefore took data at magnetic-field settings corresponding to 136.5MeV mass-24 ions of charge 11 and 12, and at a setting midway between
those, at which only contaminant products should be present. The yield at
the "contaminant" setting was less than half that at the setting for
legitimate events, suggesting that longer runs with good statistics and a
variety of field settings would permit a reliable background subtraction
and hence a pionic-fusion cross-section measurement.

3-7
3.1.6

A Systematic Study of

24

Mg Projectile Fragmentation

J. Pouliot, L. Beaulieu, D. Doré, B. Djerroud, P. Gendron,
E. Jalbert, R. La forest, Y. Larochelle, R. Roy, M. Samri and
C. St-Pierre (Université Laval)
G.C. Ball, D. Bowman, A. Galindo-Uribarri, E. Hagberg and D. Horn
(Nuclear Physics Branch)
Two major experiments at 35A MeV (1992 August) and 25A MeV (1992 November)
were performed with the newly completed 80-detector CRL-Laval array. They
represent a major effort in the systematic study of the fragmentation of
24
Mg projectiles from peripheral collisions on a gold target. The cross
sections and the breakup mechanisms of the 3 4 Mg into fragments with high
multiplicity (up to M=6) will be compared at four incident energies (25A,
35A, 50A and 70A MeV), thereby providing a complete coverage of the
intermediate energy domain. Data for the 50A and 70A HeV reactions were
obtained at GANIL.
The data analysis for the two runs at 25A and 3SA MeV is in the first
phase, with the energy calibration in progress and the mapping of all 80
detectors, allowing particle identification, nearly completed.
3.1.7

Central Collisions of

24

Mg with

R. Roy, L. Beaulieu,
E. Jalbert, R. Laforest,
C. St-Pierre (Université
G.C. Ball, D. Bowman, A.
(Nuclear Physics Branch)

12

C at 25A and 35A MeV

D. Doré, B. Djerroud, P. Gendron,
Y. Larochelle, J. Pouliot, M. Samri and
Laval)
Galindo-Uribarri, E. Hagberg and D. Horn

Approximately one half of the beam time available during the August run
and a small portion of the November run were devoted to the study of
highly excited systems produced in the central collisions of 2 4 Mg with a C
target. One can summarize the main physics goals as follows:
-

Source characterization: detection of the complete system (2Z=18),
linear momentum transfer and source velocity, and excitation energy
and temperature.

-

Decay properties of very excited nuclei:
mechanisms.

-

Production of intermediate-mass fragments (IMFs):
collision
violence from IMF multiplicity and linear momentum transfer.

-

Study of specific channels:

emission time and decay

e.g., the 9-alpha particle channel.

Even though the data analysis is still at an early stage, the raw data
seem of very good quality and the statistics are quite promising. During
both the August and November runs, all of the 80 detectors worked
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according to specifications. This can, to a large part, be attributed to
the effort devoted to the test runs in June and July.
3.1.8

Énergie d'excitation et mécanismes de brisure du projectile pour
la réaction 3 5 C1 + 1 9 7 A u à 30 MeV par nucléon*
L. Beaulieu, R. Laforest, J. Pouliot, R. Roy and C. St-Pierre
(Université Laval)
G.C. Ball, E. Hagberg, D. Horn and R.B. Walker (Nuclear Physics
Branch)

Analysis of the experiment reported previously (PR-TASCC-1: 3.2.1; AECL10337), to study projectile multiple breakup in peripheral collisions, has
been completed. The charge and the energy of each fragment from Z=l to 17
were determined. The peripheral collisions were selected by the condition
that the total charge detected be that of the projectile, and the
reconstructed velocity be close to the beam velocity.
We were able to
identify as many as one hundred exit channels and to observe dissociation
of the quasi-projectile (QP) into as many as seven fragments. Their cross
sections have been measured.
The excitation-energy distributions were
obtained by the method of J. Pouliot et al.,
(Phys. Rev. £43 (1991) 735)
and range from 0.5A MeV to 4.5A MeV for breakup into seven fragments.
Figure 3.1.8.1 shows the evolution of the mean excitation energy as a
function of the charged-partide multiplicity.
For comparison, we have
also plotted the maximum (i.e., least negative) Q value for a given
multiplicity.
The average excitation energy is found to be much larger
than the Q value, especially for higher multiplicities, indicating a
highly dissipative process.
Since we can do an analysis channel-bychannel, we are able to investigate the breakup mechanism for different QP
excitation energies. To eliminate most of the uncertainty in the lsotopic
composition of a channel and ambiguities due to non-detection of neutrons,
we have selected channels involving only alpha particles and heavier
fragments: P-or, Al-2a, Na-3a, F-4ar, N-5or and B-6a. Many observables have
been proposed (see, for example, J. Lopez and J. Randrup, Nucl. Phys. A491
(1989) and J. Pouliot et al., (loc. cit.)) to determine the decay mechanism
of an excited nucleus. In this work, we have looked at the folding angles
between alpha particles as well as the sphericity and coplanarity of the
events. The results will be summarized in a paper in preparation.

* Excitation Energy and Breakup Mechanisms of the Projectile for the
Reaction 3 5 C l + 1 9 7 A u at 30 MeV per Nucléon.
This work was part of
L. Beaulieu's master's thesis (Université Laval, 1992) of the same
title.
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Figure 3131 Average excitation energy in the projectile-tike nucleus and maximum
ground-state Q-value, plotted as a function of charged-particle multiplicity for
tZ=17 events.
3.1.9

Extension of the Study of Highly Excited Nuclear-Hatter Systems
vith 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 (Université Laval)
T. Li, A. Vander Molen, G.D. Westfall, J.S. Winfield, J. Yee and
S. Yennello (NSCL and Michigan State University)

Analysis of the experiment carried out at Michigan State University in
1991 September has continued
(PR-TASCC-4: 3.1.8; AECL-10674). Gain
matching of the CRL Forward Array for the 80A MeV data has been completed
and incorporated into the playback software to provide multiplicity Mr and
total forward Z (ZZF) parameters for each event. The calibration of the
MSU 4JT array has also been included to obtain a consistent low-energy
threshold for the computation of the ball multiplicity MB. Playback of
the data is in progress to obtain energy spectra from the high-résolution
telescopes gated by the centrality of the collision (as determined from
the parameters MB and 2Z r ).
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3.1.10

Search for Intruder Bands in N ~ 51 Nuclei
V.P. Janzen (TASCC/McMaster University)
A. Galindo-Uribarri and D. Vard (Nuclear Physics Branch)
M. Cromaz, J. DeGraaf and T.E. Drake (University of Toronto)
S. Pilotte (University of Ottawa)

The A ~ 110 project outlined in section 3.1.12 has uncovered a wealth of
nuclear-structure information related to Z ~ 50 'intruder' collective
bandsi most notably those structures built on the proton h l 1 / 2 orbital
configuration. A better understanding of some of these effects might be
found by an examination of nuclei that lie in the vicinity of the
analogous neutron shell gap; i.e., those nuclei with N - 50. In the N - 51
isotones there should be neutron h 1 1 / 2 bands analogous to the proton h l 1 / 2
bands in the Sb isotopes, but the proton configurations at Z = 40-to-46
would be completely different from the corresponding N = 58-to-66 neutron
configurations in the Sb nuclei. Our theoretical bandhead calculations
suggest that N = 51 deformed states exist (see Figure 3.1.10.1), but that
they lie significantly higher in excitation energy than the analogous
states in Z - 51 nuclei. As a result, they may be difficult to populate.
Table 3.1.10.1 lists the heavy-ion reactions expected to populate mediumto-high spin states in nuclei with N = 51 and Z = 40, 42, 44 and 46.
N x 51 nuclei with Z < 40 are precluded by a lack of suitable heavy-ion
reactions; bandhead calculations for those with Z > 46 show no sign of a
deformed intruder configuration. All but one of the reactions listed in
the table have been tested during this reporting period.
We began our search for N » 51 intruder bands with 9 1 Z r , which the
bandhead calculations suggest is the best candidate. A 7-ray spectroscopy
experiment was carried out with the 871 spectrometer, and the 7 6 Ge( 1 8 0,3n)
reaction at a beam energy of 60 MeV. Approximately 83 xlO6 and 17 x 106
HPGe coincidence events were acquired with self-supporting and Au-backed
targets, respectively, gated by a BGO-ball fold of K > 8. Gamma-gamma
matrices were subsequently constructed for BGO-ball fold conditions K > 15
(enhancing the 9 1 Z r transitions) and K < 14 (enhancing transitions in
90
Z r ) . The 3n exit channel is not favoured at any beam energy; for
example, with the on-line BGO-ball trigger set to K > 8 we estimate the
3n/4n ratio to be -1:20. With a further cut of K > 15 this ratio is
improved by a factor of ~5, making spectroscopy less than ideal but
certainly possible.
Preliminary analysis has revealed no strong candidates for intruder-band
structures in either 9 1 Zr or 9 0 Zr. Given the general interest in the
structure of nuclei close to 9 0 Z r , which has a double closed shell,
surprisingly little information exists regarding the high-spin structure
of 9 1 Z r . For example, the highest-spin level reported is a (21/2*)
isomeric state at 3.167 MeV ( T = 4.35 us).
Figure 3.1.10.2 shows a
spectrum of 7 rays tentatively assigned to 9 1 Zr on the basis of BGO-ball
fold measurements, none of which have been reported previously.
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The next step in the search for N ~ 51 intruder structures will be
determined once the 90 f 91 Zr analyses are complete. By that time we also
expect to have N - 51 results available from Total Routhian Surface (TRS)
calculations at high spin (R. Wyss, priv. comm.).
Table 3.1.10.1
POSSIBLE HEAVY-ION REACTIONS LEADING TO N - 51 NUCLEI
Nucleus
91
Zr
93

76

Mo

70

Ru

61

95

Zn( 26 Mg,3n)
Ni( 40 Ca,a2p)

58

97

Pd

61

3.1.11

Fe( 40 Ca,2pn)

Ni( 40 Ca,2p2n)

eo

b4

Reaction
Ge( 18 0,3n)

Ni( 40 Ca,2pn)

Zn( 4U Ca,a2pn)

Comments
- Au-backed target
- spectroscopy experiment performed at 60 MeV
(see text)
- not attempted (estimated beam energy)
85
148,155,165,175 - Au-backed target
148
- self-supporting target
- a2p channel suitable at ~ 150 MeV
148,155
- self-supporting target
- low cross section
155,165,175
- Au-backed target
- low cross section
155
- Au-backed target
- low cross section
155
- self-supporting target (natural Zn)
- spectroscopy experiment possible, at
~ 155 MeV
Ebeam (MeV)
50,55,60,65

Rotational Bands and Neutron Alignments in Neutron-Rich Odd-A
Cadmium Isotopes
P.H. Regan, J.S. Middleton, K.R. Pohl, J.E. Bush, P.E. Raines and
D.P. Balamuth (University of Pennsylvania)
S.M. Mullins (McMaster University)
V.P. Janzen (TASCC/HcMaster University)
A. Galindo-Uribarri and D. Ward (Nuclear Physics Branch)
S. Pilotte (University of Ottawa)
G. Zvartz (University of Toronto)

The N > Z asymmetry of stable isotopes typically limits the range of
nuclei available for study at high spins via heavy-ion fusion reactions to
isotopes that are proton-rich compared to the valley of stability. The
neutron-rich side of the mass table remains much less explored. We report
on high-spin states in the Z=48 isotopes, 1 0 9 . 1 1 1 Cd, populated via the
reaction 1 8 0 + 96 Zr.
Although the cadmium nuclei lie close to the spherical closed shell at
Z=50, collective bands built on both positive- and negative-parity
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structures have been previously observed in 107,109,111^ ^n. jerrestam et
al., Nucl. Phys. A545 (1992) 835; V. Klamra and E. Dafni, Z. Phys. A334
(1989) 515; D.C. Stromsvold et al., Phys. Rev. Ç17 (1978) 143; H. Meyer et
al., Phys. Rev. ÇJL2 (1975) 1858; S. Juutinen et al.,
Z. Phys. A336 (1990)
475; and S. Ohya et al., Nucl. Phys. A325 (1979) 408). A study of the highspin states of these nuclei is an important test of current theoretical
models. Of particular importance is the role of quasi-particle alignments
in these structures and their effect on the nuclear shape.
An 1 8 0 ion beam was incident on a 600 jjgm/cm2 enriched (85X) '*Zr target,
and Y-rays were detected with the 8 K spectrometer. Charged particles were
detected with the ALF miniball. A total of approximately 50 and 160
million events were recorded at bean energies of 60 and 70 MeV,
respectively. The former energy favoured the population of 1 1 1 Cd, whereas
the latter suited 1 0 9 Cd. In the off-line replay of the two data sets, the
channels of interest were enhanced by cuts on the fold and sum energy.
Events in which a charged particle was detected were vetoed. This reduced
events which came from Ag (Z=47) or Pd (Z=46) isotopes. The data that
passed these conditions were sorted into Ky1 vs E^2 coincidence matrices.
Previous studies of 1 0 9 Cd and 1 1 1 Cd (D.C. Stromswold et al., Phys. Rev. ÇJ7
(1978) 143; M. Meyer et al., Phys. Rev. Ç12 (1975) 1858; and S. Ohya et al.,
Nucl. Phys. A325 (1979) 408) were able to reach medium spins in the level
structure. The present data have allowed both decay schemes to be
extended. These are shown in Figures 3.1.11.1 and 3.1.11.2, respectively.
Cranked shell model (CSM) diagrams for quasineutron states in 1 0 9 Cd and
111
Cd indicate that the negative-parity yrast bands may be assigned as
one-quasineutron excitations of h 1 1 / 2 character. Neither band should
suffer the first ab crossing predicted to occur at hw = 0.35 MeV for both
nuclei. The next alignment involves the second and third h 1 l / 2
trajectories, namely the be crossing. The predicted crossing frequencies
and alignment gains are in good accord with experiment.
At high spin the positive-parity bands, 2 and 3, are associated with the
two signature partners of the three-quasineutron configuration [413]5/2* x
n
?i/2» a - + l/2 and -1/2, respectively. At low spins only the negativesignature component I* = 7/2*, 11/2* ... is observed, consistent with the
large energy splitting expected between the two signatures of the onequasineutron [413]5/2* configuration. This splitting is reduced after the
alignment of the first pair of h 1 1 / 2 neutrons. The experimental routhians
show a very small splitting, but band 3 is favoured over band 2 until an
inversion occurs at hw - 0.5 MeV. This anomalous behaviour is probably due
to triaxiality, and can only be reproduced in the CSM calculations if 7 is
increased to large positive values (~15° to 30°). Interband transitions
(324, 415, 478 and 514 keV) are only observed from band 3 to band 2 below
the signature inversion — that is, when band 3 is favoured. The mixing
ratios for the cross-over Ml transitions are positive (0.2 to 0.3), and
are consistent with a prolate quadrupole deformation, but positive values
of 7 are possible, since the cos(7 + 30°) factor will not change the sign
of the quadrupole moment.
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3.1.12

Intruder Bands in the A - 110 Mass Region
V.P. Janzen (TASCC/McMaster University)
H.R. Andrews, A. Galindo-Uribarrl, D.C. Radford and D. Ward
(Nuclear Physics Branch)
D. Fossan, D. LaFosse, R. Hughes, B. Schnare, H. Timmers and P.
Vaska (S.U.N.Y. Stony Brook)
R. Clark, K. Hauschild and R. Vadsworth (University of York,
U.K.)
G. Hackman, A. Omar, S. Mullins, L. Persson, D. Prévost,
J. Rodriguez, M. Savicki, N. Schmeing, B. Singh, P. Unrau and
J.C. Vaddington (McMaster University)
E. Paul and J. Wilson (University of Liverpool)
M. Cromaz, J. DeGraaf, T.E. Drake and G. Zwartz (University of
Toronto)
D. Cameron and S. Pilotte (University of Ottawa)
R. Wyss (M.S.I., Stockholm)
I. Ragnarsson (Lund Institute of Technology)

Overview
In recent progress reports (PR-TASCC-3: 3.1.18; AECL-10545, PR-TASCC-4:
3.1.12-3.1.14; AECL-10674), we have outlined various features of intrudertype rotational bands in nuclei with Z = 51 (Sb) Z = 50 (Sn) and Z = 49
(In isotopes). An overview of the experimental work done up to and
including 1992 April may be found in: V.P. Janzen et al.,
Proc. of the
International Conf. on Nucl. Structure at High Angular Momentum, Ottawa,
1992 May 18-21, AECL-10613, Vol. II, p. 333. The majority of experiments
have been performed at TASCC. Responsibility for analysis of the various
data sets has been divided among researchers at Chalk River, McMaster
University, S.U.N.Y. Stony Brook, the University of Liverpool and the
University of Toronto, The project has uncovered new information on such
topics as:
-

the neutron-proton interaction between high-j orbitals,
the interaction
configurations,

between levels of spherical and

deformed

the influence of high-j orbitals on deformation,
-

collective behaviour under very rapid rotation,
the role of pairing as a function of rotational frequency and
number of valence nucléons, and

-

evidence for a new type of collective band "termination".
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Herein we outline progress made in the analysis, interpretation and
publication of results, especially pertaining to our understanding of the
last item in the preceding list. Experiments undertaken during the last
six-month period are listed in Table 3.1.12.1.
TABLE 3.1.12.1
A - 110 INTRUDER EXPERIMENTS UNDERTAKEN
DURING THE PERIOD 1992 JULY-DECEMBER
J^beam

Isotopes

Reaction

113.112Sn

100Mo(180a!n)

(MeV)
94

Ge( 37 Cl,xn)
138
TASCC
110
96
19
In
Zr( F,5n)
95
TASCC
m
96
19
In
Zr( F,4n)
85
TASCC
96
Stony Brook
72
Zr( 19 F,4n)
1
) Excited-state lifetimes measured with the Doppler
109,108j n

2

76

Performed
at
TASCC

Type of Target
Unbacked
Unbacked
Unbacked
Unbacked -f Au-backed 1 )
Pb-backed 2 )
Shift Attenuation Method.

) Provided high-resolution data on stopped transitions.

In a previous report (PR-TASCC-4: 3.1.1.12; AECL-10674), we briefly
discussed the high-spin characteristics of the moments of inertia in
109
Sb, notably the surprisingly low values for the dynamic moments, J'2' =
dl/do. Ve now interpret the small dynamic moments of inertia in this
nucleus and in 1 0 6 ' 1 0 8 S n as a new manifestation of collective band
"termination", one in which the bulk of the spin contributed by valence
orbitals is virtually exhausted at low-to-medium rotational frequencies.
As a result, the generation of additional units of spin requires
increasingly greater amounts of energy, and the prolate rotational
sequence reaches smoothly and asymptotically towards the maximum spin
available from those valence orbitals. This type of "soft" or "smooth"
band termination is in marked contrast to the "hard" termination
previously observed, where the rotational sequence is abruptly cut off by
a configuration with the same spin and parity, but with a dramatically
different single-particle structure and deformation (J. Simpson et al.,
Phys. Lett. B262 (1991) 388). The possibility of a smooth type of band
termination has been predicted, but hitherto unobserved in heavy nuclei
(T. Bengtsson and I. Ragnarsson, Nucl. Phys. A436 (1985) 14).
In these nuclei, the overall behaviour of the moments of inertia at highspin is reproduced by cranked-shell-model calculations, as shown in Figure
3.1.12.1. Panel (b) illustrates the predicted contribution to the dynamic
moment of inertia made by the proton h 1 1 / 2 intruder orbital; i.e.,
1/2"[550], a = -1/2. At high rotational frequencies its contribution to
the total dynamic moment is very small. It is interesting to raise the
following possibility: if under very rapid rotation,
lim J<2> = lim dl/du = 0,
toiHeo
ho»-»»

(l)

fia; (MeV)
Figure 31121 Panel (a): Experimental and theoretical moments of inertia for Band
1 in 109Sb. The experimental kinematic moments (J*1* = I/a) assume a spin of
31/2 ft for the lowest level. Panel (b): The calculated contribution to the dynamic
moment, J^2\ of the proton hjj/2 orbital. The calculation is only valid up to hi 0.7 MeV, owing to a band crossing that is predicted just above that frequency but
not observed experimentally.
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then the 1 0 8 Sn yrast band and 1 0 9 Sb Band 1 could have identical moments of
inertia. This would not, however, explain the apparent quantization of the
relative aligned spin (PR-TASCC-4: ibid).
A proposal has been submitted to further study high-spin states in 1 0 9 S b
and ice»108Sn with the Gammasphere "third-generation" spectrometer, which
is currently under construction at Lawrence Berkeley Laboratories. The
goal of the experiment is two-fold:
firstly, to extend the known
collective band structures to higher spin and rotational frequency, and
secondly, to obtain information on the transitions linking those bands to
spherical states at low spin. The proposal has been approved and ten 8hour shifts of beam-time have been scheduled for 1993 April.
The Nucleus

loe

Sn

Preliminary results of high-spin spectroscopy in 1 0 8 S n were reported in
PR-TASCC-4: 3.1.12; AECL-10674. Analysis of the 7-7 coincidence,
directional correlation (DCO) and Doppler-shift attenuation (DSAM) data
has been completed at the University of York. The level scheme is shown in
Figure 3.1.12.2, and the DSAM results appear in Figure 3.1.12.3.
Two of the rotational-band structures (Bands 2 and 3) are suggested to be
of negative parity, and at low spin are based on a Jt(gg/2 x 87/2 n n/2)
configuration, while the third has positive parity and is based on 7t(gj/2
x gv/2*
All three bands are expected to have aligned h 1 1 / 2 neutrons in
their configurations above ftw ~ 0.35 MeV. The positive-parity structure
also shows evidence at hw - 0.55 MeV for the rotational alignment of a
pair of valence quasiparticles, most probably g 7 / 2 protons. The transition
quadrupole moments of the positive-parity band and one of the proposed
negative-parity bands are Q 0 = 2.6 ± 0.4 eb (Band 1) and 3.4 ± 0.6 eb
(Band 2 ) , suggesting that Band 2 has a slightly larger quadrupole
deformation than Band 1. These results agree with the proposed
configurations, and are significantly smaller than the value for the
intruder band in i l 3 S b (Q0 = 4.4 ± 0.5 eb). Together with the value
measured for Band 1 in 1 0 9 S b (see below), they reveal that the deformation
of these intruder-type structures is markedly less at N = 58 than at
N = 62. The Q 0 measurements are also in qualitative agreement with
theoretical calculations, which invoke a 2-particle-2-hole deformed core
(K. Heyde et al.,
Phys. Lett. B218 (1989) 287). Such calculations have
suggested that neutron-proton correlations that play a crucial role in
forming collective structures reach their maximum strength at the neutron
mid-shell, N = 66. Our study of A - 110 intruder bands offers the first
direct confirmation of that trend.
A paper entitled "Intruder Bands in
been submitted to Nucl. Phys. A.

108

Sn", by R. Wadsworth et al.,

has
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Figure 31123 Experimental and theoretical fractional Doppler shifts for
Sn (a)
Band 1, (b) Band 2 as a function of i-ray energy. The central curves correspond
to Qo values of 26 eb for Band i and 34 eb for Band 2. The remaining curves
correspond to the central values plus or minus OS eb.
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The Nuclei iQ6,lQ9in
In PR-TASCC-4: 3.1.13; AECL-10674, we reported the first intruder band to
be discovered below the Z = 50 shell gap, in 1 1 1 In, to which we assigned a
proton h l 1 / 2 configuration. Subsequently a band with very similar
characteristics was reported in 1 0 9 In (S. Nagulesvaran et al.,
Bull. Am.
Phys. Soc. 37 (1992) 1280). We have performed an experiment to search for
intruder-type rotational bands in 1 0 9 In (see Table 3.1.12.1 above).
Approximately 2 x 108 HPGe coincidence events were collected with the 8jt
spectrometer, with a BGO-ball fold of K > 8. Gamma-gamma coincidence
matrices were subsequently constructed for BGO-ball sum-energy conditions
H > 26 MeV (enhancing the i° 9 In transitions) and 10 < H < 25 MeV
(enhancing transitions in 1 0 8 I n ) .
Although we could find no trace of the previously reported band structure
in 1 0 9 I n , two new candidates for intruder-type bands were discovered. One
has been tentatively assigned to 1 0 8 In and the other to 1 0 9 In. Transitions
linking them to known low-spin states have not been found.
Analysis of 7-7 coincidence and directional correlation (DCO) data is in
progress at the University of Toronto and at Chalk River.
The Nucleus

109

Sb

Preliminary results have been reported in PR-TASCC-3: 3.1.12; AECL-10674,
and in V.P. Janzen et al.,
Proc. of the International Conf. on Nucl.
Structure at High Angular Momentum, Ottawa, 1992 May 18-21, AECL-10613,
Vol. II, p. 333. The level-scheme analysis has been completed at Stony
Brook. In addition to 7-7 techniques involving the computer code ESCL8R
(D. Radford, PR-TASCC-4: 3.2.9; AECL-10674), information from the 7-ray
triple coincidences was sorted into a three-dimensional matrix. The code
LEVIT8R (D. Radford, ibid.) was then used to resolve some of the
ambiguities in the level scheme due to doublet 7-ray transitions.
The main features of the level scheme are shown in Figure 3.1.12.4. Two
strongly-coupled bands, I and II, have been found and placed in the
scheme, but no links between decoupled bands l-to-3 and the spherical
states have been found. One of the goals of the upcoming Gammasphere
experiment (see above) is to search for those linkages.
Analysis of the Doppler-shift measurements has been completed at the
University of York. The resulting transition quadrupole moment for Band 1
is Q 0 = 3 . 1 ± 0.5 eb, as shown in Figure 3.1.12.5. It was not possible to
extract values for Bands 2 and 3. The value for Band 1 is slightly larger
than for the yrast band in 1 0 8 S n (2.6 ± 0.4 eb). Since the strongly downsloping h 1 1 / 2 orbital occupied in 1 0 9 Sb is expected to exert an influence
toward larger prolate deformation, this result is expected. The larger
differences between the Q 0 values in N = 58 and N = 62 isotopes are
discussed above.
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BAND 1 BAND 2 BAND 3

(43/1-1

BAND I

21/r

Figure 31124 Level scheme for
Sb. For reasons of space only the lowest few
transitions in the intruder-type rotational are shown.
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Figure 3JJ2S Experimental and theoretical fractional Doppler shifts for Band J
of 109Sb, as a function of y-ray energy. The central curve corresponds to a QQ
value of 31 eb. The other curves correspond to the central value plus or minus OS
eb.
A letter for publication is being prepared at Chalk River outlining some
of the salient features observed in this nucleus, including (i) very fast
rotation (highest yet in a heavy nucleus) (ii) "identical" bands, and
(iii) the large discrepancy betveen kinematic and dynamic moments of
inertia at high spin/frequency.
The Nucleus

110

In

In a previous 8«-spectrometer experiment the nucleus J 1 1 In was populated
with the 96 Zr( 19 F,4n) reaction at a beam energy of 85 MeV. Analysis of the
high-H (BGO sum-energy H > 10) data revealed the presence of the first
intri ,er band to be identified in a nucleus below Z=50. It is currently
thought that the h 1 1 / 2 orbital is responsible for the observed band. A
subsequent analysis of the lower-H data, which preferentially selects the
5n reaction channel leading to 1 1 0 In, has revealed the presence of two
more decoupled bands, one of vhich is much more strongly populated than
the other.
A second experiment was carried out with the 8* spectrometer at a higher
beam energy (90 MeV; see Table 3.1.12.1), the aim being to have both a
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larger cross-section for the 5n channel and a larger input angular
momentum. A spectrum showing transitions in the stronger of the two bands
is shown in Figure 3.1.12.6. There are good candidates for transitions
linking the stronger cascade with the known decay scheme.
Figure 3.1.12.7 shows the dynamic moment of inertia versus the rotation
frequency for the stronger band in,1 1 0 In and the intruder band in l x l In.
It is clear that both exhibit a band crossing at to » 0.45 MeV. This
probably results from the alignment of a pair of h 1 1 / 2 neutrons. However,
the band in 1 1 0 In does not show evidence for the crossing observed in
lxl
In at liu M 0.7 MeV. A similar crossing in 1 1 3 S b has been attributed to
the alignment of a pair of g 7 / 2 protons. The present result raises
questions about the exact nature of the higher-frequency alignment and,
more importantly, about the basic structure of the bands in both
iio,nij n < F ur ther analysis is in progress at the University of York.
The Nucleus

111

In

In PR-TASCC-4: 3.1.13; AECL-10674, we reported the discovery of a
decoupled rotational band in 1 1 1 In, to which we assigned a proton h 1 1 ^ 2
configuration. The In isotopes, Z = 49, lie below the large Z s 50 shell
gap and therefore have even-even deformed 'cores' corresponding to
different proton particle-hole excitations than the Sb(Z = 51) isotopes.
From this point of view, the observation of a band in l l x I n with
characteristics very similar to the band in its Z = 51 isotone 1 1 3 Sb is
surprising.
To compare the two N = 62 bands more closely, we have measured the
fractional Doppler shifts for the band in l l x In. The 96 Zr( 19 F,4n) reaction
at a beam energy of 85 MeV was used, with a 0.6-mg/cm2 9 6 Zr target backed
by 11.6 mg/cm2 of gold. A total of 296 x 106 coincidence events were
collected with the 8* spectrometer, gated by a BGO-ball fold of K > 8.
Standard HPGe 7-7 matrices were constructed with the BGO-ball sum-energy
constraint H > 22 MeV, emphasizing the 4n ( 111 In) exit channel. The data
were also sorted into matrices containing the following coincidences: (i)
all angles vs. +37°, and (ii) all angles vs. -37°. These Doppler-shift
data were analysed with standard centroid-shift analysis techniques. The
statistical accuracy was not sufficient to justify using a full line-shape
analysis.
The experimental fractional Doppler shifts are shown together with a
calculated curve in Figure 3.1.12.8. The calculated curve was obtained
with the methods described in Regan et al., J. Phys. G18 (1992) 847, which
assume a constant quadrupole moment. The time structure pertaining to
sidefeeding into the band was assumed to be identical to the in-band
feeding. A transition quadrupole moment of Q 0 * 2.3 ± 0.4 eb was deduced,
and this is consistent with a deformation of p2 ~ 0*2» T n i s value may be
compared with fi2 - 0*3 ^ o r 1 1 3 S b , from which we infer that the
collectivity of the intruder configurations has dramatically decreased for
Z = 49 relative to Z = 51. This could be related to a change in the
deformed "core" configuration, from 2-particle-2-hole in Z = 50 (Sn) to 2-
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Figure 31126 Coincidence spectrum for the most strongly populated band in110,In.
The spectrum represents a sum of spectra obtained by gating on the lowest seven
transitions in the cascade, each marked by *. Gamma-rays in the band are labelled
with their transition energies in keV.
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Figure 3112.7 Dynamic (7'*) moments of inertia for the most strongly populated
rotational band in In. For comparison / ' ' for the band in In is also shown.
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particle-4-hole in Z = 48 (Cd). A theoretical hierarchy of m-particle-nhole excitations near closed shells has recently been proposed by Heyde et
al. (Phys. Rev. £46 (1992) 541). In this scheme, a symmetry which treats
particles, holes, neutrons and protons on essentially the same footing
ensures that collective bands in adjacent nuclei with the same number of
'valence' particles (or holes or combinations thereof) are grouped into
multiplets having very similar characteristics. This approach would
predict that the collectivity (and therefore the transition quadrupole
moment) of the cores for 1 1 3 S b and X 1 1 l n should be similar. If the
contribution of the odd h 1 1 / 2 proton is not too different in the two
cases, the Q 0 values should also be similar. The importance of mixing
between vibrational and intruder-type collective excitations in the Cd
isotopes, resulting in a lower quadrupole moment, has also been stressed
by a number of workers (J. Kern et al.,
Nucl. Phys. A512 (1990) 1). A
measurement of the 1 1 2 S n intruder-band quadrupole moment would undoubtedly
be of use in this discussion. Such an experiment is under consideration
for the next scheduling period at TASCC.
A third l x l I n experiment has been performed at S.U.N.Y. Stony Brook, with
the 9 6 Zr( 1 9 F,4n) reaction on a Pb-backed target and a lower beam energy of
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72 HeV. Instrumental resolving pover for transitions that are not Doppler
attenuated (i.e., r > -3 ps) is higher with a backed target. Such data are
suited to the study of low-spin states, particularly transitions
connecting collective bands to the main level scheme. These data, as well
as the TASCC backed-target data, are being analysed at Stony Brook.
The Nucleus 1 1 1 S b
Analysis of the results from experiments at TASCC and at Stony Brook is
nearing completion at Stony Brook. At M.S.I., Stockholm, calculations are
being performed with a neutron-proton quadrupole-quadrupole interaction to
explain the large interaction strength observed between h 1 1 / 2 neutrons and
protons in 111 Sb and 1 1 3 Sb. A full-length paper covering both the low- and
high-spin spectroscopy of this nucleus is being prepared at Stony Brook
for submittal to Phys. Rev. C.
The Nuclei

112 113

•

Sn

Our investigation of collective bands in this mass region has concentrated
on the odd-proton Sb,In and even-even Sn nuclei. Cranked shell-model
calculations predict that the odd-neutron Sn isotopes should also exhibit
rotational structures. In particular, decoupled bands built on the neutron
h 1 1 / 2 orbital are expected to become the yrast configurations at high
spin. This is similar to the situation in the odd-proton nuclei, although,
owing to the different positions of the proton and neutron Fermi levels
within the h 1 1 / 2 subshell, there should be major differences in excitation
energies, deformations and band-crossing characteristics of the resulting
bands.
Motivated by this consideration, we have searched for collective bands in
113
S n , which is the isobar of 1 1 3 Sb. High-spin states in 1 1 3 S n were
populated via the 10 °Mo( 18 0,5n) reaction at a beam energy of 94 MeV,2 with
a self-supporting target consisting of two stacked 400- to 500-ugm/cm
Ho
foils. The optimum bombarding energy was established from an excitation
function, taken with a Au-backed target. A total of 137 x 10* coincidence
events were collected with the 8JI spectrometer, gated by a BGO-ball fold
of K > 8. Gamma-gamma coincidence matrices were constructed with BGO-ball
sum-energy constraints H >. 22 MeV and H < 22 MeV, emphasizing the 5n
( 113 Sn) and 6n ( 112 Sn) exit channels, respectively.
Figure 3.1.12.9 shows the total projections for these two matrices. A
candidate for the neutron h 1 1 / 2 intruder band in 1 1 3 S n has been found, as
shown in the lowest panel. The assignment to 1 1 3 S n is tentative, in that
it has been made primarily on the basis of BGO-ball H and K
characteristics. The band members do not appear to be in coincidence with
strong 7 rays of the known scheme (0. Hashimoto et al., Nucl. Phys. A318
(1979) 145). Preliminary analysis suggests that the band may feed nonyrast negative-parity
states, such as the (15/25) state at 2583-keV
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Figure 3JJ2S Gamma-ray spectra for U2,ll3Sn. Panel (a): I/iw-H total projection, emphasizing 112Sn. The
majority of the strong peaks in the energy range 600-to-UOO keV can be assigned to the three known intrudertype bands in that nucleus. Panel (b): High- H total projection, emphasizing ^Sn. The strongest peaks
correspond to known transitions in that nucleus. Panel (c): Summed y-ray coincidence spectra for the proposed
neutron hjj/2 intruder band in 3Sn. Gating transitions are marked by an asterisk.
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excitation energy (L. Kâubler et al., Proc. of the International Nucl.
Phys. Conf., Wiessbaden (1992), 1.2.16), which decays directly to the
11/2- isomeric state at 739 IceV.
In 1 1 2 S n , we have been able to confirn the three previously reported
rotational bands (H. Harada et al., Phys. Lett. B207 (1988) 17), and with
further analysis will likely be able to extend then to higher spin and
rotational frequency.
The data analysis for these two isotopes Is in progress at Chalk. River.
The Nucleus

114

Sb

Results from this nucleus, the first odd-odd case of intruder collectivity
in this region, were reported in PR-TASCC-4: 3.1.14; AECL-10674. The data
have been further analysed at the University of Liverpool. In total, seven
rotational bands have been identified; the transitions linking them to
states of known spin and parity have been tentatively established.
Analysis is in progress.
3.1.13

On the Rotational Band Structure of

127

La

D. Ward, H.R. Andrews and D.C. Radford (Nuclear Physics Branch)
V.P. Janzen (TASCC/McMaster University)
S.M. Mullins and J.C. Waddington (HcHaster University)
The experiments described in PR-TASCC-4: 3.1.15; AECL-10674, have led to
the preliminary level scheme for 1 2 7 L a shown in Figure 3.1.13.1. The
previous most complete study was by Smith et al. (J. Phys. Gil (1985)
1271), who established the ground-state rotational band and an oppositeparity side-band to spins 47/2" and 49/2 + , respectively. In the present
work, we have extended these bands to spin 51/2" (band 8) and 71/2+
(band 1) and have found many new band structures. We assign signature
a=-l/2 to band 1, whereas Smith et al. (loc. cit.) made an o = +1/2
assignment.
According to our Total Routhian Surface (TRS) calculation, 1 2 7 L a has a
deformation /9-0.25 near its ground state, and at low excitation energy
we would expect to see rotational bands built on one-quasiproton Nilsson
orbitals (c.f. Table 3.1.13.1). At higher excitations, we would expect
to see three-quasi par tide states, with character either x3 or nv2.
For
axially symmetric nuclear shapes, the lowest band crossings will involve
*nïi/2» however, the vh\1/2
(EF) crossing could compete if the nuclear
shape were very triaxial with negative (Lund convention) -y-déformation.
We are fairly certain of the following one-quasiproton assignments:
bands 2/3 are xg 7 / 2 (a,b); band 8 is fth11/2 (e) and bands 12/13 are
jig9/2 (a',b r ).
The other bands shown in Figure 3.1.13.1 have aligned
spins exceeding that of band 8, which has the largest calculated one-

Figure 31131 Decay scheme of

727

La
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TABLE 3.1.13.1
QUASIPARTICLE LABELS FOR LOW-LYING ORBITALS REAR
Dominant
subshell
Protons

Neutrons

87/2
d
5/2
«9/2
h
11/2
h
11/2
d

5/2
d
3/2
«7/2
h
11/2
n
11/2

Nilsson
configuration

126

Ba

Label
(a-1/2)

Label
(a=+l/2)

3/2+[422]
l/2+[A20]
9/2+[404]
1/2-[550]
3/2"[541]

b
d
a'
e
g

a
c
b'
f
h

5/2+[402]
l/2+[411]
7/2*[404]
7/2"[523]
5/2"[532]

B
D
B'
E
G

A
C
A'
F
H

quasiproton alignment, and therefore probably contain more than a single
quasiproton.
Amongst the three-quasiparticle bands, ve propose that
band 2 is crossed by band 1, there being a continuous sequence of
intense stretched E2 transitions between them making a back-bend
pattern. Similarly, bands 12/13 are crossed by bands 6/7.
Because
these crossing frequencies are low, ha>c ~ 0.26 MeV, these structures
must involve 7ih 2 1/2 and are therefore ng7 / 2 «nh^ ^ /2 (bef) and
Kgç/2 •*Hi/2 (a' and b'ef), respectively.
Plots of aligned spin are shown in Figure 3.1.13.2, where it can be seen
that the ef crossing in band 2 occurs about 150 keV lower in
rotational frequency than in the 1 2 6 Ba core (D. Ward et al., Nucl. Phys.
A529 (1991) 315). A second crossing in these bands occurs at
huc ~ 0.50 MeV, vhich can clearly be assigned f h 2 1 / 2 (EF). This
crossing also occurs at the same frequency in the ground-state
rotational band (band 8 ) . Some results are summarized in Table
3.1.13.2.
Although some reduction of the crossing frequency for 7th2,1/2 (ef) in the
presence of proton spectators ng 7 / 2 or 7tg9/2 is expected, the magnitude
is puzzling. From experimental Routhians in 1 2 6 Ba and 1 2 7 La, we can
estimate that the Routhian for nhf 1 / 2 (ef) must lie approximately
950 keV lower in 1 2 7 La(g 7 / 2 ) than it does in 1 2 6 Ba. A BCS calculation
for the proton pairing gap in 1 2 6 Ba gives An=0.97 MeV; therefore, if we
wish to interpret the observed shift as a result of blocking of the g 7 / 2
orbital contribution to the pairing field, then AK(jrg7/2) -0.50 MeV.
Similar, but less dramatic, effects have been seen for the same
configuration in 1 2 3 La and 1 2 9 La.
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TABLE 3.1.13.2
CROSSING FREQUENCY FOR nhf1/2 IB 126 Ba AND
NEIGHBOURING NUCLEI WITH VARIOUS SPECTATOR QUASIPARTICLES
Nucleus

Configuration

"hi1/2
huc (HeV)

126

Ba

gsb
calculated 7=0°
calculated 7=-18°

0.39
0.33
0.39

127

La

wg 7/2

0.24

jigg/2

0.27

127

Ba

j/d5/2

0.36

125

Ba

>/d5/2

0.32

These effects are much larger than found in the N=96 region, where the
"ii3/2 crossing has been probed for various single-quasineutron
spectators.
A plausible explanation may simply be that the proton
pairing near Z=57 is more fragile than the neutron pairing near N=96.
The density of quasiparticle orbitals within, say, 1 MeV of the Fermi
level is clearly much higher in the N=96 region, and therefore more
nucléons participate in the pairing.
In addition to pairing effects, we should also consider the effects of
triaxial distortions on the crossing frequencies in 1 2 7 La. An avenue
worth exploring is to postulate that the core nucleus, l z 6 Ba, is
triaxial in its ground-state rotational band; as shown In Table
3.1.13.2, a 7-deformation of -18° would remove the discrepancy in the
n
^ii/2 crossing frequency between the experimental value and that
calculated with axial symmetry, 7=0°.
If this were the case, then
neighbouring axlally symmetric bands should be compared with the
calculated value at 7=0°, namely huc = 0.33 MeV, rather than with the
observed value of hwc = 0.39 MeV. VIth this assumption, the derived
pair blocking does not have to be as large as that given earlier. As an
added bonus, the discrepancy with the anomalously low frequencies for
the whJ 1/2 crossings for vd 5/2 spectators in 1 2 5 » 1 2 7 Ba is also largely
removed (D. Ward, AIP Conf. Proc. 259, "Future Directions in Nuclear
Physics with 4n Gamma Detection Systems of the New Generation",
Strasbourg, France, 1991, Edit., Dudek and Haas, p. 358). For this
argument to work, we must assume that the spectator particles (ng7/2,
«g 9 / 2 in 1 2 7 La and vd5/2
in 1 2 5 - 1 2 7 Ba) prevent the 126 Ba core from
adopting its preferred triaxial shape.
Analysis is continuing.
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3.1.14

Quadrupole Moments of the Highly Deformed Bands in

136

-135Nd

S.M. Mullins and G. Hackman (HcMaster University)
D.C. Radford and D. Vard (Nuclear Physics Branch)
There is a strong correlation between deformation and the occupancy of
intruder orbitals in atomic nuclei. Indeed, the splitting of the
degenerate spherical sub-shells induced by deformation can sufficiently
reduce the energy of the lovest-fl components such that they acquire an
'intruder' character at some particle numbers. One example is the ii3/2»
n = 1/2 neutron orbital in the mass 130-140 region. The deformationdriving properties of this orbital depend on how far above the Fermi
level it resides at fiu> = 0; the higher in energy, the greater the
polarization effect and hence the induced fi2• At rotational frequencies
beyond hw - 0.3 HeV, the favoured routhian which originates from it
becomes yrast, and bands built upon this one-quasiparticle state are
observed in many odd-neutron nuclei. Only in the cases of 1 3 2 C e and
136
Nd are strongly deformed bands observed in even-N nuclei. These two
bands are believed to have both the favoured and unfavoured routhians
occupied. A distinct signature of this is the band crossing at to =
0.4 MeV, where the vl13/2
pair de-aligns. The J (2) moments of inertia
show evidence for this crossing, at which point the bands decay into the
'normal' states. This crossing is blocked in the odd-N bands, so that
the 7-cascade continues down to lower frequencies before the decay-out
occurs.
Quadrupole moments of some of these bands have been extracted via the
Doppler Shift Attenuation Method (DSAM). The quadrupole moment (and
extracted 02 ) of 1 3 2 C e (A.J. Kirwan et al., Phys. Rev. Lett. 58 (1987)
467) is -15Z greater than that of the odd-N neighbour 1 3 1 C e (Y-J. He et
al.,
J. Phys. Glj6 (1990) 657), which probably reflects the additional
deformation drive of the second i 1 3 / 2 neutron. In this case, Total
Routhian Surface (TRS) calculations clearly predict a larger fi2 in the
even versus the odd system, whereas the TRS plots show very similar
deformations for 1 3 6 N d and 1 3 5 Nd. This is plausible, since the 02~
driving effect of the vii3 /2 orbital will be smaller at N = 76 than at N
= 74, because the orbital is higher in the shell. Indeed, the quadrupole
moment of the band in 1 3 7 Nd (N = 77) is only 4.0 eb, compared to 6.0 eb
for the lightest odd-N isotope, 1 3 3 Nd (N = 73); see S.M. Mullins et al.,
Phys. Rev. Ç45 (1992) 2683. The aim of the present experiment was to
determine the quadrupole moment of the highly deformed band in 1 3 6 Nd,
and hence test this prediction.
The experiment was carried out with the 8 K spectrometer. States in 1 3 6 Nd
were populated with the reaction 3 0 Si + 1 1 0 Pd. As a test of whether a
DSAM measurement was feasible, two stacked self-supporting -600 /jg/cm2
targets were used. The beam was provided by the modified MP tandem at an
energy of 140 MeV. This energy was chosen to be optimal (after loss in
the target) for the feeding of the highly deformed band in 1 3 6 Nd in the
4n exit channel. The 5n channel to 1 3 5 Nd had a roughly equal yield. At
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least ten elements of the BGO ball had to fire along with at least two
suppressed HPGe detectors to trigger an event. Approximately ~50 million
events were collected. Immediate analysis indicated that determination
of the highly deformed quadrupole moment in both 1 3 6 Nd and 1 3 5 Nd would
be possible with this reaction.
For the DSAM experiment, the target had a nominal thickness of
1.07 mg/cm2, and was evaporated on a -12 mg/cm2-thick layer of 1 9 7 A u . A
total of -550 million events was registered and the associated
parameters were written onto magnetic tape for subsequent analysis.
The gains of the HPGe detectors were adjusted so that 7-rays from fully
stopped nuclei were matched. Eight 7-7 coincidence matrices were
produced with a cut on the BGO-ball sum-energy, to enhance events
leading to 1 3 6 Nd. The matrices were grouped into two sets of four: one
set for events in which a 37° HPGe fired and one for events in which a
143° detector registered. After careful analysis, the Doppler-shifted
peaks from the highly deformed band were located, and spectra gated by
these peaks were projected out of the matrices. Spectra containing
contaminant peaks were discarded; the remainder were summed to maximise
the number of counts in the final spectra for 37° and 143°. A standard
centroid-shift analysis was carried out to obtain the average recoil
velocity at which each highly deformed state decayed. These were divided
by the calculated initial recoil velocity to give the F ( T ) values shown
in Figure 3.1.14.1. The error bars reflect both the statistical
uncertainty on the centroids and the uncertainty in the unshifted
energies and placement of peak/background markers in the analysis. The
theoretical curves employed Braune (K. Braune, MPI Heidelberg Diploma,
1977; D. Pelte and D. Schwalm, in Heavy Ion Collisions, edited by
R. Bock (North Holland, Amsterdam, 1982), Vol. 3, Chap. 1) stopping
powers, together with the assumptions of a constant quadrupole moment
and full cascade feeding of the band. That is, we assumed that the time
structure of any sidefeeding was identical to that feeding down the
highly deformed cascade. A value of Q„ = (5.0 ± 0.7) eb with a feeding
time of 20 fs into the top of the band best reproduces the trend of the
data points. This corresponds to an axial prolate deformation of p2
=0.27. A similar analysis for the band in 1 3 5 Nd gave 0 o - (5.5 ± 0.6)
eb.
A previous measurement of QQ for 1 3 5 Nd (R.H. Diamond et al., Phys. Rev.
C41 (1990) R1327) found that an analysis assuming full cascade feeding
gave a much smaller value than that obtained from a lineshape analysis
in which the time history of the sidefeeding was deduced separately (5.4
eb cf. 7.4 eb). The spectra for 1 3 6 Nd do not have sufficient statistical
quality for a full lineshape analysis to be attempted. This will be
possible, however, for the band in 1 3 5 Nd, and will provide a check on
the previous measurement, where slow sidefeeding was inferred from fits
to the lineshapes.
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3.1.15

Searches for Superdeformed Bands in the Vicinity of A = 140
S.H. Mullins, G. Hackman, D. Haslip, L. Persson, T. Porcelli,
D. Prévost, J.C. Waddington and L. Yao (McMaster University)
H.R. Andrews, A. Galindo-Uribarri, D.C. Radford and D. Ward
(Nuclear Physics Branch)
V.P. Janzen (TASCC/McMaster University)
M. Cromaz, J. DeGraaf and T.E. Drake (University of Toronto)
S. Pilotte (University of Ottawa)

In our efforts to understand the transition from highly deformed shapes
in the A = 130-140 mass region to the superdeformed bands of the A - 150
region, we discovered a discrete-line superdeformed (SD) band in U 2 S m
(PR-TASCC-4: 3.1.17; AECL-10674, and G. Hackman et al., to be published
in Phys. Rev. C Rapid. Comm.). 1 4 2 Sm is the second such nucleus in this
intermediate-mass region in which an SD band has been found, the first
being 1 4 3 Eu. Both nuclei have N = 80, which confirms cranked shell-model
predictions of a large energy gap lending stability to superdeformed
nuclei having that number of neutron. We have since studied the N = 80
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nucleus with one proton less than 1 4 2 Sm, namely 1 4 1 Pm, with the 8*
spectrometer. The reaction 1 2 4 Sn( 2 3 Na,6n) 1 4 1 Pm at 135 MeV was employed,
and approximately 300 x 106 Ge-Ge coincidence events were collected with
a BGO-ball fold of K > 10. A 7-7 matrix was produced with a cut on the
BGO sum-energy H chosen to enhance 1 4 1 P m . No evidence for a
superdeformed band or a superdeformed ridge could be found.
then focussed on an N=81 nucleus, 1 4 4 E u , using the reaction
Sn( 2 7 Al,5n) 1 4 4 Eu at 142 MeV. A ridge structure has been found with a
spacing of ~59 keV, which is comparable to the spacing of the SD bands
in 1 4 3 Eu and 1 4 2 Sm. This is shown in Figure 3.1.15.1. There is also weak
evidence of a discrete-line SD band in 1 4 4 E u . It has not, however,
proved possible
to obtain a convincing spectrum from the raw data,
most likely because the band is too weak. Clearly, it would be of
interest to study this nucleus with a third-generation spectrometer.

We

122

Most recently, a study of 1 4 4 S m has been undertaken. The reaction
employed was 1 2 4 Sn( 2 6 Mg,6n) 1 4 4 Sm at 142 MeV. There is evidence for a
superdeformed ridge in the data, but no candidates for a discrete-line
band have been found. Analysis is continuing.
3.1.16

Superdeformation in

149

Gd Studied with the EUROGAM Spectrometer

G.C. Ball, D.C. Radford, D. Ward and A. Galindo-Uribarri
(Nuclear Physics Branch)
V.P. Janzen (McMaster/TASCC)
G. Hackman, J. Kuehner, S. Mullins, J.C. Vaddington and
D. Prévost (McMaster University)
F. Beck, D. Bellier, T. Byrski, D. Curien, G. Defrance,
D. Disdier, S. Flibotte, B. Haas, E. Kharraja, J.C. Merdinger,
V. Rauch, C. Theisen and J.P. Vivien (CRN, Strasbourg)
An experiment designed to study superdeformation in 1 4 9 Gd with a thirdgeneration instrument, EUROGAM, was carried out in early November at the
Nuclear Structure Facility in Daresbury. The objectives of the experiment
were:
1) to look for transitions involving states of both higher and
lower spins in known SD bands, 2) to search for new single- and multipleneutron and/or proton excited SD bands, 3) to confirm the assignment of
known bands to a given nucleus, 4) to look for linking transitions between
the SD and normal states, and 5) to examine the quasi-continuous radiation
forming the SD ridge structure.
A beam of 158 MeV 3 0 Si was used to bombard a stack of two self-supporting
~500 Mg/cm2 1 2 4 S n targets. The EUROGAM I array with 44 Compton-suppressed
75Z HPGe detectors was used to detect multiple 7 coincidences. Vith an
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which is consistent with a superdeformed shape.
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unsuppressed 7-ray coincidence hardware trigger set for fold Fu > 7, the
data rate for Compton-suppressed events with fold Fs > 4 was ~3 kHz. Over
a three-day run, ~3xl09 unpacked 7* coincidence events were obtained. The
data are presently being analyzed at Strasbourg, HcMaster and CRL. Figure
3.1.16.1 shows coincidence spectra obtained by summing spectra gated on
the known members of the lowest SD band in 1 4 9 Gd.
Panel 1 shows a
projection of all 7 rays. Panel 2 shows the result of selecting 1-fold
gates on all F, > 2 events. In subsequent panels, the coincidence fold is
increased by one per panel.
For example, the bottom panel shows the
coincidence spectrum obtained by summing spectra for 6-fold gates on F, >
7 events. Analysis of the data is continuing.
3.1.17

First Evidence for
Angular Momentum

the Hyperdeformed

Nuclear

Shape at High

A. Galindo-Uribarri, H.R. Andrews, G.C. Ball, D.C. Radford and D.
Ward
T.E. Drake (University of Toronto)
V.P. Janzen (TASCC/McMaster University)
J.A. Kuehner, S.M. Hullins, L. Persson, D. Prévost and
J.C. Waddington (McHaster University)
R. Wyss (Joint Institute for Heavy Ion Research)
In an earlier report (PR-TASCC-4: 3.1.20; AECL-10674), we presented some
preliminary first evidence for hyperdeformation: namely, a ridge structure
consisting of stretched E2 transitions and extending from ho = 0.6 to 0.75
MeV in a p r o t o n - s e l e c t ed 7-7 m a t r i x from
the
reaction
120
Sn( 3 7 Cl,pxn) 1 5 2 ' 1 5 3 Dy at 187 MeV. Furthermore, a cascade of 10 discrete
transitions with an average energy spacing of 30 ± 3 keV was found.
Ve have continued the analysis and the study of the properties of this
ridge. The dynamic moment of inertia of the rotational bands is related to
the separation of the ridges by J'2' = 4ft2/AE^; therefore, this ridge
corresponds to J'2' of about 130 ft2 MeV"1. This implies a large quadrupole
deformation of p2 ^ 0.9,
consistent with a hyperdeformed prolate shape
with major-to-minor axis ratio of 3:1. The characteristics of the ridges
are best studied from cuts in the 7-7 matrix perpendicular to the main
diagonal E 7 1 = E^ 2 •
Figure 3.1.17.1 shows the spectra of AE^ = E ^ - E.^ obtained with
125 keV-wide energy cuts 1375 < ( E ^ + Ey2)/2
£ 1 5 0 0 k e V (shown on the
left) and 1200 < (E 71 + E 7 2 )/2 < 1325 keV (on the right). The top panels
are proton-gated to yield 1 5 2 < 1 5 3 D y ; the middle have no particles in
coincidence, thus yielding Ho isotopes, and the lower are from the 5n
reaction, which yields 1 5 3 Dy. They are discussed in turn below.
The HD ridges appear as
(a), the higher energy
energy range correspond
higher energy spectrum,

peaks at energies of AE^= ± 30 ± 3 keV in panel
range. The peaks at AE-y = ±48 keV in the lower
to known superdeformed ridges (b and f ) . In the
the SD ridge is much weaker, and the 30 keV ridge
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structure dominates. The second row (c and d) shows no evidence of the
30 keV ridge in the 7-7 coincidence matrix generated from Ho isotopes. Ve
have looked for similar structures in matrices taken from previous data.
In particular, we analyzed data from the reaction 1 2 4 Sn( 3 4 S,5n) at
165 MeV, which populated SD states in 1 5 3 Dy (JUK. Johansson et al., Phys.
Rev, Lett. 63 (1989) 2200). As seen in Figures 3.1.17.le and 3.1.17.If,
there is no evidence of a 30 keV ridge. Nevertheless, the HD ridge might
be in 1 5 3 Dy if the angular-momentum input of this reaction were too low or
if charged-par t i d e evaporation were a necessary condition to provide a
detectable signal-to-noise ratio.
Two 7-7 coincidence matrices were generated to investigate the
multipolarity of the radiation comprising the ridge structure. In the
first, both 7 rays were detected in the (±37°) rings; and in the second,
both 7 rays were detected in those at ±79°. The 7-7 directional
correlation ratios (DCO) showed that the radiation was consistent with a
stretched- quadrupole
character.
The
intensity
ratio
I^ 7 (37 0 ,37°)/I 77 (79 0 ,79°)= 1.93 ± 0.76 was obtained. A value of 2.2 ± 0.2
(depending upon the degree of spin alignment) was calculated for stretched
E2 transitions in the geometry of the spectrometer. This was confirmed by
a measurement of intense discrete transitions of known character, which
gave an intensity ratio ranging from 1.9-2.5 for stretched quadrupoles and
0.5-0.7 for stretched dipoles.
Two- and three-dimensional correlation techniques embodied in the codes
BANDAID and CUBEAID (J.A. Kuehner et al., Proceedings of the Int. Conf. on
Nuclear Structure at High Angular Momentum, Ottawa, Ontario, 1992, edited
by D. Ward and J.C. Waddington (AECL-10613, Vol. II), p. 413), were used
to search the 7-7 matrix and 7-7-7 cube for coincidence patterns
indicative of a rotational cascade of discrete transitions with constant
J< 2 >. The analysis of the data revealed the presence of a band of 10
coincident transitions with a nearly constant energy difference of 30 keV.
Figure 3.1.17.2 shows a summed coincidence 7-ray spectrum, which we
obtained by setting gates at the positions of the band members located by
the correlation method. The band is very weak and no definite assignment
to either 1 5 2 D y or 1 5 3 D y was possible. Insufficient statistics precluded
an accurate measurement of the energies of the band members.
Total Routhian Surface (TRS) calculations were performed for nuclei in the
vicinity of 1 5 2 Dy (see Figure 3.1.17.3). The shape parameters /52, fit and 7
of the nucleus were minimized in the rotating frame (for details see
V. Nazarewicz et al.,
Nucl. Phys. A503 (1989) 285). In the calculations,
there is a deep minimum at fl2 ~ 0.6, which corresponds to the SD shape. At
a frequency of ftw » 0.66 MeV, a new minimum occurs in the surface,
corresponding to a hyperdeformed shape with p2 ~ 0.9, which becomes
yrast at about 80 ft. The calculations suggest that the underlying physics
of the HD minimum is very different from that of the SD minimum. In
contrast to the case for a SD shape, there are no pronounced shell gaps at
the calculated equilibrium deformation. In consequence, static pairing
correlations are strong, whereas they are reduced even at spin 0 for the
SD shape.
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Spectra of LEy = Eyj - Eyi obtained with cuts 125 keV wide.
Spectra on the left (a, c, e) correspond to 1375 < (Eyl + Ey2)/2 < 1500 keV and
those on the right (b, d, f) to 1200 < (Eyl + Ey2)/2 < 1325 keV. The top row
spectra (ajt) were obtained in coincidence with protons. The HD ridges appear as
peaks at energies of LEy- ±30 ± 3 keV in (a); The peaks at àEy = ±48 keV
in (b) correspond to known superde formed ridges. The second row (c and d) shows
no evidence of the 30 keV ridge in the y-y coincidence matrix generated from a
replay of the same data with the condition of no particles in coincidence. The last
row was obtained for data from the reaction Sn( Sfn) at 165 MeV used to
populate SD states in 153Dy (JJC. Johansson et al* Phys. Rev. Lett. Q. (1989) 2200).
The spectrum (f) shows the known superde formed ridge in
Dy.
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Summed y-ray spectrum obtained for the band located by the
correlation method. The energies of the band are shown. The uncertainties in the
energies are estimated to be 1 to 2 keV.
It was predicted (V. Nazarevicz et al. (loc. cit.)) that the SD band is
crossed at Ito = 0.8 MeV by aligned j 1 5 / 2 protons. This high-j intruder
configuration originating from two shells above those active at p2 ~ 0
will tend to polarize the nuclear shape to large quadrupole deformation,
as suggested by the TRS calculations. The next calculated crossing
involves k 1 7 / 2 neutrons. Theory also suggests that the occupation of the v
N=8 orbitals polarizes the shape to an even larger deformation. In
addition, both these v and n "super"-intruder orbitals contribute a large
aligned angular momentum to the total spin of the nucleus. The occupation
of the highly alignable "super"-intruders, which can be associated with a
"superbackbend" (T. Bengtsson et al.,
Phys. Scr. 24 (1981) 200), is thus
the origin of the minimum in the TRS calculation at HD shapes.
With
increasing spin, minima at larger deformation will occur in the potential
energy landscape; these are created by successive alignment of even higher
lying "super"-intruder configurations.
It is difficult to estimate the spins of the observed structure. If we
assume that J<2> equals the static moment of inertia J*1», then the
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observed structure extends from about spin 78 h to spin 98 h. However,
since the TRS calculations predict a large single-particle contribution to
the spin from band crossings, this estimate may be unreliable. In the TRS
calculation, the frequency region of 0.55 to 0.75 HeV corresponds to spins
of 60 to 80 h for the HD shape (see Figure 3.1.17.3). In this figure, the
points plotted for the SD bands assume the spins estimated and published
by their discoverers (P.J. Twin et al., Phys. Rev. Lett. 5.7 (1986) 811;
J.K. Johansson et al.,
(loc. cit.)). The points plotted for the HD band
assume AI«2 transitions. Thus, the slope and horizontal position of the
sequence are defined, but the vertical position is arbitrary. In fact, it
is chosen to match the theoretical calculation and thus to indicate the
spins predicted by the theory. The Ji 5 / 2 proton alignment is calculated
to occur at hu « 0.5 MeV.
Better agreement betveen the calculated and
experimental J ( 2 ) values is achieved if this crossing is moved to higher
frequency and smoothed out. This is similar to the bandcrossing in the SD
Hg-region (M.W. Drigert et al.,
Nucl. Phys. A530 (1991) 452), where the
crossing of the j 1 5 / 2 neutrons is expected to be shifted in a similar
manner.
More powerful instrumentation, such as the proposed TRIGAM spectrometer
described In section 3.2.7, will be needed to probe the nucleus at its
extreme of angular momentum.
3.1.18

Studies of Superdeformatlon and Hvperdeformatlon
Isomer and Proton Tag

of

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

152

»153Dy;

Macleod,

The study of superdeformatlon (SD) and hyperdeformation (HD) in the mass
A ~ 150 region has been continued with the 8 K spectrometer and the 24element charged-particle-detector miniball.
The first evidence of hyperdeformation was found in data from the reaction
120
Sn( 3 7 Cl,pxn) 1 5 6 -*Dy at 187 MeV (PR-TASCC-4: 3.1.20; AECL-10674). A
ridge structure was found in a 7-7 coincidence matrix generated from
proton-selected events.
An experiment to study further the ridge
structure associated with such large deformation used the nearly symmetric
reaction 8 1 Br + 7 6 Ge at 354 MeV (PR-TASCC-4: 3.1.19; AECL-10674), to take
advantage of possible entrance-channel effects. Unfortunately, the
statistical quality of the data was poor.
A new experiment has now been done with the original asymmetric reaction
37
C1 + 1 2 0 Sn at 187 MeV. This time the experimental setup was similar to
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the one used for the symmetric-reaction experiment. The miniball was used
to select a proton-out channel and the BGO ball to tag on high-spin
152
isomeric states that exist in several of the final channels:
Dy
lsl
153
152
(60 ns),
Dy (15 ns),
Ho (3, 229 ns) and
Ho (49 ns). The target
consisted of two self-supporting 1 2 0 S n foils with a thickness of
600 Mg/cm2 each. The combination of isomer tagging and charged-partlcle
detection produced a very clean 7-7 coincidence matrix for 1 5 2 D y .
Approximately 460 x 106 events above a multiplicity-10 trigger in the BGO
ball were recorded, of which 35 x 106 were p-7-7 events above a BGO sumenergy of 19 HeV. This data set is statistically equivalent to the
original data set. The main result is the observation of the hyperdeformed
ridge at a 30 keV spacing in the proton-gated matrix, confirming our
previous results. Preliminary analysis of the data also indicates that
the ridge is present in the proton-gated "prompt" matrix, but no evidence
for it has been found in the isomer-tagged matrix.
These data are being used to study charged-particle spectra associated
vith the SD band and vith the low-deformation prolate band that bypasses
the isomer. The isomer tag is helpful in selecting the reaction channel
and the decay path vithin the channel. The analysis is in progress and
beam time has been allocated in January, to improve the statistics for
isomer-gated matrices.
3.1.19

Feasibility of Using the 16Ge(124Sn.xn)2°°-xPb
Reaction
Measure the Lifetimes of States in the Oblate Dipole Bands

to

R. Wadsworth and R. Clark (University of York, U.K.)
G. Zvartz, H. Cromaz, J. DeGraaf and T.E. Drake (University of
Toronto)
V.P. Janzen (TASCC/McMaster University)
A. Galindo-Uribarri, D.C. Radford and D. Ward (Nuclear Physics
Branch)
Oblate rotational bands consisting of sequences of magnetic dipole
transitions have recently been identified in i9«-20XpD (e.g., R.M. Clark
et al., Phys. Lett. B275 (1992) 247). The structures have been interpreted
in terms of high-K two-proton configurations, involving h 9 / 2 a n d ii3/2
orbitals, coupled to one or more ii3/2 neutrons. To identify the exact
configurations of these bands, accurate lifetime measurements must be
made. These can then be related to the g-factors of each configuration,
via the Ml transition rate.
A short experiment was performed with the 8x spectrometer to test the
feasibility of populating these bands in 1 9 7 Pb. The 76 Ge( 12 *Sn,3n) 197 Pb
reaction was used, with a 305-MeV 76 Ge beam provided by the cyclotron.
This reaction has the advantage that the recoils produced have a
relatively high velocity (v/c - 3.5Z), but it suffers from a relatively
low cross-section and high fission background. The target comprised
1 mg/cm2 1 2 4 Sn on a thick (-12 mg/cm2) Au backing. Approximately 106 7-7BG0 events were recorded, with a BGO-ball fold K > 5. The data were sorted
into an E-^-E.^ matrix requiring a BGO-ball fold condition of K > 12.
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Figure 3.1.19.1 shows a spectrum produced from sums of gates of the lowest
nine 7-rays of the most intense dipole cascade in 1 9 7 Pb. All transitions
in the band previously reported can be seen. However, there is no
appreciable Doppler broadening of any of these transitions. A second
weaker band, consisting of a more regular sequence of dipole transitions
(R.M. Clark et al., ibid), has also been observed in this test. The present
data suggest that all the known transitions in the band are fully stopped.
That is, the lifetimes of the states in both these bands are longer than
the stopping time of the recoils in the backing. This suggests the need to
use a Recoil Distance Method (RDM) measurement to determine lifetimes of
these states. An RDM experiment on is7,i9e Pb w i t n t n e i76y D (26 M g > x n )
reaction is planned for 1993 March at TASCC.
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Sum of y-ray spectra obtained with gates on the lowest nine
transitions in the intense irregular dipole band in
Pb. Gamma rays in the band
are labelled with their transition energies in keV; gating transitions are marked with
an *. Also marked is the 557-keV yrast transition.
3.1.20

Gamma-Rav Spectroscopy of

167

Hf

M. Cromaz, T.E. Drake and G. Zwartz (University of Toronto)
D. Vard, H.R. Andrews, G.C. Ball, A. Galindo-Uribarri and
D.C. Radford (Nuclear Physics Branch)
V.P. Janzen (TASCC/McMaster University)
S. Mullins, J. Rodriguez and J.C. Vaddington (McMaster
University)
Recently we have attempted
isotopes at very high spins.

to populate the yrast states of hafnium
In the analysis of these data we have been
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able to extend the known level scheme of 1 6 7 Bf. Two reactions were used
to populate the hafnium isotope.
The first was a charged particle
reaction 139La(37Cl,ot5n) at 205 MeV, while the second was a near symmetric
reaction 94 Zr( 76 Ge,3n) at 331 MeV. The symmetric reaction was chosen so
that the angular momentum transferred to the system would be maximized.
Both experiments were performed with the 8x spectrometer.
For the
experiment involving the charged-particle reaction, the ALF miniball was
installed in the spectrometer. We have found two new bands in 1 6 7 Hf and
identified additional states in the previously reported level schemes.
The newly found bands extend up to spins of -40 h. In addition, we are
presently searching for evidence of hyperdeformation in the data obtained.
3.1.21

Dielectronic Recombination (PR) for 7 9 Br 3 3 + Ions Channeled Along
the <110> Axis of Thin Crystals of Au and Ni
J.S. Forster, G.C. Ball, W.G. Davies and J.S. Geiger
Physics Branch)
J.U. Andersen (Aarhus University)
J.A. Davies (McHaster University)
H. Geissel (GSI)

(Nuclear

In an earlier report (PR-TASCC-4: 3.1.21; AECL-10674), we presented
results of a preliminary measurement of dielectronic recombination (DR)
for He-like 7 9 Br ions channeled along the <112>, <100> and <110>
directions in a thin Au crystal. In this work, we present further results
for He-like 7 9 Br ions channeled along the <110> axis in an Au crystal, as
well as along the <110> axis in a Ni crystal.
A DR measurement for an Au crystal is important, because a reported
measurement of the KLL resonance width for electron capture by channeled
Ti 2 0 + ions in gold (A. Belkacem et al., Phys. Rev. Lett. 64 (1990) 380) was
narrower by an order of magnitude than the width corresponding to the
expected density of crystal electrons; also, the measured resonance
strength corresponded to a surprisingly high electron density.
We have made a measurement of the KLL DR resonance using an Au crystal
with a <100> axis normal to its surface and with a thickness of 6400 À as
measured by energy-loss with an a source. Ve mounted the crystal on a
three-axis goniometer in the Q3D scattering chamber and aligned it with
the beam direction using the fact that the ion energy loss for axial and
planar channeling is considerably lower than for penetration of the
crystal in a random direction.
We obtained the 7 9 B r 3 3 + beam by stripping/degrading a 17.9 HeV/u 7 9 B r 2 2 +
beam from the TASCC cyclotron. The Al degrading foils ranged in thickness
from 1 mg/cm2 to 19 mg/cm2 in 1 mg/cm2 steps. In addition, a 1 mg/cm2 Al
foil could be positioned in the beam (PR-TASCC-4: 3.2.5; AECL-10674). and
tilted through 60° to give even finer control over the energy of the beam
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bombarding the crystal.
The 90° and 18.5° beam-transport magnets
downstream of the dégrader foil were used to select a narrow momentum bite
of the 33+ charge-state component of the degraded beam.
The beam was
collimated by tvo 0.5-mm apertures separated by 1.6 m directly ahead of
the scattering chamber.
At each energy, measurements were made for both random and aligned
orientations of the Au crystal, and the energy spectra of 31 + , 32+, 33 +
and 34+ ions were measured in four resistive-wire counters positioned in
the focal plane of the Q3D magnetic spectrometer.
Electron captures by well-channeled ions were identified by selection of
the lovest-energy-loss particles in the spectrum for 32+ ions for
incidence parallel to a <110> axis.
For well-channeled 33 + ions, the
charge state is "frozen" because capture and loss processes are strongly
reduced. The ratio f(32+)/{f(33+)+0.5 f(32+)} should give the probability
for capture where f(N + ) is the number of selected N + ions and the
denominator is the average number of 33+ ions available for capture. With
the random-energy-loss peak and the beam energy as reference points,
corresponding energy windows were selected in the spectra for wellchanneled ions, taking into account the small difference in energy loss
for exiting 33+ and 32+ ions, which on the average is 3Z.
The energy
dependence of the capture probability is shown in Figure 3.1.21.1a. In
the region around the predicted resonance energy of 15.6 MeV/u there is a
clear indication of a contribution from KLL dielectronic recombination.
In Figure 3.1.21.1c this contribution has been extracted by subtraction of
a background proportional to E-".
Corresponding results for Br in Si
<110> (PR-TASCC-3: 3.1.3; AECL-10545) are shown in Figures 3.1.21.lb,d.
The results of the two measurements are remarkably similar, as might have
been expected, since the electron densities seen by channeled ions are
predicted not to be very different for the two crystals. The FWHH of the
observed resonance is about 10Z and the area corresponds to a density of
about 3 electrons per atom, assuming a total cross section of
5.6 x 105 eV-barns
for DR capture to the Br L-shell; these values are
consistent with the limit set by the Fermi-gas relation between density
and momentum spread.
A similar set of data was collected for a 3900 À thick Ni crystal, and
analysis of that data is in progress.
3.1.22

Progress in Accelerator Mass Spectrometry (AMS)
H.R. Andrews, V.G. Davies, V.T. Koslowsky, N.C. Bray, J.J. Hill,
P.J. Jones, B.V. Luloff, L.V. Smith and T.G. Vhan (Nuclear
Physics Branch)
B.F. Greiner, Y. Imahori and J.V. McKay (TASCC Accelerators and
Development Branch)
R.J.J. Cornett, L.A. Chant, G.M. Milton and J. Sylvestre
(Environmental Research Branch)
J.CD. Milton (Physical Sciences)

During this reporting period there were five runs totalling six days of
development and ten days of sample measurement. In all, 332 measurements
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Energy dependence of the electron-capture probability for Br33+ions transmitted through a OS mm Au
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were made on standards, backgrounds, samples from Cigar Lake and samples
from the CRL area. A major effort during this period was devoted to the
development of methods of separating inorganic from organically-bound 3 £ C1
in air samples. This technology was used to study the chemical nature of
the 36 Cl emitted during reactor operation.
Work has continued on the
instability problem; progress has been made, but we are still at least a
factor of 2 short of our goal of 5X errors in non-statistics-limited
cases.
Ion Source and Injector
Attention has been focussed on this area because the isotopic-ratio
instabilities are already visible at the Faraday cup preceding the Tandem
accelerator, although the fluctuations are frequently amplified by
transmission through the accelerator.
The power supplies have been
checked for stability and some older ones replaced. The injector cage has
been rewired to minimize the effects of sparking in the source. No faults
were found that could explain the instability problem.
The isotopic ratio is a strong function of sample positioning. Accurate
positioning is now possible because of the installation of a shaft encoder
that defines the angular position of the sample wheel to about 1 in 4000.
This has helped but not solved the stability problem.
In addition, a
telescope has been set up to allow the sample surface to be monitored by
TV during the sputtering process. Some samples have shown fluorescence
and surface discharge with concomitant changes in the beam-current profile
at injection into the Tandem. Samples mixed with Au powder show good beam
currents and have improved electrical and thermal conductivities. Tests
will be made to see whether these improved surface properties lead to
reductions in the isotopic-ratio instability.
Beam-optical calculations are underway in an effort to understand the
behaviour of the ion source and injector better (see sections 3.2.14 and
3.2.15).
Tandem Accelerator
Two minicups have been installed immediately following the analyzing
magnet BI-1.
They are positioned to measure 3 5 ' 3 7 C1 at the terminal
voltage for which 3 6 C1 is transmitted to the detector.
All magnetic
elements are held constant, as is the terminal voltage, and the isotopes
are injected sequentially by changes in the electrostatic potentials in
the injector and the low-energy electrostatic steerers at the entrance to
the Tandem.
This permits rapid cycling among the three isotopes
35,36,37ci on a few-second time scale, which allows the use of smaller
samples because changes in beam current with sample depletion can be
tracked accurately.
Velocity Filter
The new velocity filter was assembled and bench tested where it operated
at electric field gradients of up to 48 kV/cm and a magnetic field of
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2000 Gauss. It vas installed and aligned during the Christinas shutdovn
and in-beam tests are scheduled for mid-January. Based on its design and
initial testing, it should have about six times the resolving pover of our
old filter.
Detector
The existing detector continues to work veil.
Machining of the nev
detector vas delayed, but it is nov almost completed and testing vill
begin early in the nev year.
Data Analysis
Development of the analysis programs continues.
Sorted and calibrated
results can nov be examined pictorially on a Tektronix monitor and plotted
on a Tektronix or Laserjet printer vhile the experiment is running.
Summaries of analyzed data can be readily edited to remove duplicate or
incorrect results.
Applications
Vork has focused upon three projects:
(i)

A set of Ore samples from the research drill hole #220 at the
Cigar Lake Uranium deposit have been analyzed.
The correlation
betveen the measured 3 6 C1 and U concentrations is poor. Because
the path length of the neutrons is greater than the thickness of
the strata of high grade ore, neutrons produced by U fission leak
from zones of high U concentration into the surrounding rock. Ve
have modified our analysis of the average production rate of 3 6 Cl
in the deposit to account for this observation. As a result, the
residence time of vater in the centre of the ore deposit is
estimated to be -100 000 years.

(ii)

A method of measuring both inorganic 3 6 C1 and organic 3 6 C1 in a
single air sample vas developed. Measurements vere performed at
several sites around CRL. In all analyses the fraction of organic
36
C1 vas less than 10Z of the total 3 6 C1 in the air. This is much
lover than published theories of 3 5 - 3 7 Cl speciation in air. Ve
are currently revieving the literature to identify possible
explanations for the behaviour of 3 6 C1 compared vith stable CI.
In addition, the relative collection efficiency of our procedure
vill be investigated further.

(iii)

We completed our analysis of the distribution of 3 6 C1 around the
CRL site.
The concentrations of 3 6 C1 in vegetation, air, and
ground and surface vaters on the CRL site are elevated. Elevated
concentrations (above regional backgrounds attributed to natural
production) correlate roughly vith elevated concentrations of
36
tritium.
C1 is emitted from both the reactor stack and the
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vaste management areas. However, the precise quantities of 3 6 Cl
discharged from each source require further study. This vill be
investigated further during the next year.
3.1.23

The Role of the Anion. During Anodization. on the Oxidation of
Near-Surface Deuterium in Zr-2.5vt%Nb
J.S. Forster (Nuclear Physics Branch)
R.L. Tapping (System Chemistry and Corrosion Branch)
T. Laursen and J.R. Leslie (Queen's University)

We have reported (J.S. Forster et al., Nucl. Instr. and Meth. B48 (1990)
489, and PR-TASCC-4: 3.1.23; AECL-10674) on the effect of anodic oxidation
on near-surface deuterium in Zr-2.5vtZNb vith anodizing solutions of
H 2 S0 4 , KOH and KN0 3 .
In the present vork, ve have used KNO3 and H 3 P0 4
anodizing solutions.
Four foils of cold-rolled Zr-2.5vt%Nb, ranging in thickness from 3.24.9 ixm, vere mounted in a compact cell and placed in a vacuum chamber.
For each foil the cell vas filled vith D 2 0 and the foil and the liquid
behind it bombarded vith an -2.0 MeV beam of 3 He ions from the Queen's
University Van de Graaff. Reaction protons, as veil as backscattered 3 He
ions, vere detected in a 25 mm2, 1.5 mm-thick, surface-barrier detector
positioned at 170° to the beam direction.
The cell vas then filled vith a solution of 0.1Z NH A HF 2 in D 2 0 and left
for 10 minutes to etch the native oxide film on the foil and allow
deuterium from the D 2 0 to penetrate the foil.
The cell was flushed
thoroughly vith H 2 0, left filled vith H 2 0, and a spectrum measured to give
the D content in the foil. Each foil vas then anodized vith a solution of
KN03 in D 2 0 or H 3 P0 4 in D 2 0 at a constant current of -1 mA/cm2. The cell
vas again flushed vith H 2 0, left filled vith H 2 0, and another spectrum
measured. Finally, the cell vas removed and the plate containing the foil
dried and mounted in the chamber, vithout the cell, vith the original
liquid side facing the beam. A spectrum vas then taken as the foil vas
bombarded vith a 0.8 MeV beam of 3 He ions.
Again, as reported earlier (PR-TASCC-4: 3.1.23; AECL-10674), the foil that
vas anodized vith the KN0 3 solution shoved erratic behaviour of the
voltage across the cell for a constant current of ~1 mA/cm2. In contrast,
the three foils anodized vith the H 3 P0 4 solution shoved a smooth,
monotonie increase in voltage as a function of time for a constant current
of 1 mA/cm2.
Those foils that vere anodized vith the H 2 S0 4 and KOH solutions shoved
similar oxide grovth of -20 Â/volt, vhile the E^POj, produced a more porous
oxide (as observed in SEM micrographs), vith a grovth rate of -40 À/volt.
In all of these experiments, the bulk of the deuterium in the anodized
layer vas returned to solution, as in the earlier experiments that used
H 2 S0 4 (J.S. Forster et al., Nucl. Instr. and Meth. B48 (1990)).
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3.1.24

The Role of Stress in Deuterium Uptake bv Thin Foils
Zr-2.5wt*Nb Etched with a Solution of 0.1Z NF4HF2 in D 2 0

of

J.S. Forster (Nuclear Physics Branch)
R.L. Tapping (System Chemistry and Corrosion Branch)
T. Laursen and J.R. Leslie (Queen's University)
In a comparative study of deuterium uptake by thin, cold-rolled foils of
Zirconium, Zircaloy-2 and Zr-2.5wtZNb (J.S. Forster, et al., Nucl. Instr.
and Meth. B64 (1992) 403), etched with a 0.1Z NH 4 HF 2 in D 2 0 solution, a
considerable variation in D uptake vas observed for each foil material.
This variation was attributed to batch-to-batch variations, which could
produce somewhat different oxide nicrostructures on the foil surfaces,
depending on the amount of alloy 0-phase present at the foil surface. The
current study was undertaken to determine the role of applied stress on
deuterium ingress with thin foils of Zr-2.5wtZNb.
The maximum stress in an operating CANDU pressure tube is the hoop stress,
which is given by:

where p is the pressure, D the diameter of the tube and t the wall
thickness. Typical CANDU pressure-tube operating conditions are 0=10 cm,
t=0.4 cm and p«=9.6 MPa, giving a typical stress of a=120 MPa.
In our experiments with thin, cold-rolled foils of Zr and its alloys, the
foils were mounted on faceplates having a 3 mm diameter hole, and etching
of .the foil was carried out at a pressure of -100 kPa (i.e., one
atmosphere); the foil thicknesses in these experiments ranged from 1.5 to
5 nm.
In the present experiment, we used faceplates with holes of 2, 3,
4, 5, 6 and 7 mm diameter.
The experiments were carried out with our standard method, in which each
faceplate was mounted on a compact cell and placed in a vacuum chamber.
The thickness of the foil was determined from Rutherford Backseattering
Spectrometry (RBS) spectra with protons or 3 He ions. The cell was then
filled with D 2 0 and the foil and the liquid behind it bombarded with a 2
to 3 MeV beam of 3 He ions from the Queen's University Van de Graaff
accelerator; the actual beam energy used was chosen such that the energy
at the liquid-solid interface, after traversing the foil, was -0.8 HeV,
the maximum in the 3 He + D cross section. Reaction protons, as well as
backscattered 3 He ions, were detected in a 25 mm2, 1.5 mm-thick, surfacebarrier detector at 170° to the beam. The cell was filled with a solution
of 0.1Z NH 4 HF 2 in D 2 0 and left for 10 minutes to etch the native oxide
film on the foil and allow deuterium from the D 2 0 to penetrate the foil.
The cell was then flushed thoroughly with H 2 0, left filled with H 2 0, and a
spectrum measured to give the D content in the foil. Finally, the cell
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vas removed and the faceplate dried and mounted in the chamber, vlthout
the cell, vith the original liquid side facing the beam. A spectrum vas
taken as the foil vas bombarded vith a 0.8 HeV beam of 3 He ions. The foil
vas centred on the beam, for all measurements, to <0.25 mm of the centre
of the hole in the face plate.
Ve determined the amount of deuterium/(Zr-2.5 vtZNb) in atoms/cm2 from the
reaction proton spectrum assuming Rutherford scattering from the Zr2.5vtZNb foil.
The radius of curvature of the foil vas measured
separately vith a Rodenstock laser profilometer. These measurements vere
made vith the cell pressurized to the same value used in the ion-beam
experiments. The major portion of the foil vas spherical in shape and the
stress in the foil is given by:

vhere again p is the pressure, D is tvice the radius of curvature of the
foil and t the foil thickness. Stress values ranged from zero (tvo of the
foils vere etched vith the vacuum chamber and the cell at atmospheric
pressure) to -350 MPa.
The deuterium uptake varied betveen 2 and
22 x 10 16 atoms/cm2, vith the maximum occurring at -150 MPa. Above and
belov this applied stress, less deuterium vas taken up in the near-surface
region of the foil.
In further experiments, ve vill concentrate on obtaining more data points
by controlling the applied stress, for example, by varying the pressure
drop across the foil.
3.1.25

Use of the Tandem Accelerator to Simulate In-Reactor Irradiation
Phenomena
J.S. Porster and H.R. Andrevs (Nuclear Physics Branch)
P.G. Lucuta and R.A. Verrall (Fuel Materials Branch)

Fission-fragment-induced effects that occur during in-reactor irradiation
of U02 fuel can easily be simulated vith high-energy ions from the Tandem
accelerator.
A number of experiments related to radiation-induced gas
mobility and fission-spike effects in U0 2 and SIMFUEL (simulated highburnup fuel) have been proposed as COG vork for the present year.
The effect of the fission fragments on fission-gas mobility can be
separated from that of temperature, and the irradiation-induced diffusion
can be investigated.
It is known that belov a certain temperature
(thought to be about 1000°C) fission-product mobility is due primarily to
thermal spikes associated vith fission fragments. However, the effect has
never been experimentally measured.
As veil, the effects of fission
spikes on gas-bubble formation and re-solution (important steps in
fission-gas release in CANDU fuel) can be examined through the use of
transmission electron microscopy (TEM) foils.
The changes in the U0 2
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fluorite lattice due to irradiation, vhlch accounts for the fuel swelling,
can be measured and the recovery of the radiation damage during thermal
annealing investigated.
Three initial experiments with high-energy iodine ions were carried out to
investigate these phenomena.
1)

Irradiation-Induced Gas Diffusion

U0 2 and 3-at%-burnup SIMFUEL disks were ion-implanted with 6 5 Kr at 40 keV
to a low-dose (1012 ions/cm2) with the CRL 70 kV ion implanter and then
bombarded with 1 2 7 I at 72 MeV, a typical fission-fragment energy. The 0
spectra before and after bombardment were measured to determine Kr release
at room temperature. There was some evidence of release, but the results
were inconclusive, because of large errors in the determination of the
initial and final Kr levels from the background radioactivity of the
unimplanted U0 2 or SIMFUEL.
Efforts will be made to overcome this
background problem by either the use of a beta counter less sensitive to
gamma radiation or by the use of a gamma-emitting isotope of Xe, rather
than the pure beta emitter, 8 S Kr.
2)

Gas-bubble Formation bv Fission Spikes

A transmission electron microscopy (TEM) thin foil specimen implanted at
40 keV with high dose of Kr (10 16 ions/cm2) was bombarded with 1 2 7 I at
72 HeV, to Investigate bubble formation due to local heating caused by
fission spikes.
TEH investigation of the specimen before the iodine
bombardment showed no evidence of gas bubbles. Small, spherical bubbles
of Kr were observed after the bombardment with high-energy iodine.
3)

Structural Changes Due to Displacement Damage

The changes in the U0 2 and SIMFUEL lattice parameter due to displacement
damage were investigated by X-ray diffraction after bombardment with 1 2 7 I
beams of 72 MeV and 32 MeV. The radiation damage was clearly seen in the
diffraction patterns as peak broadening and displacement.
The lattice
parameter measurement on the U0 2 specimen revealed an increase from
0.54707 nm to 0.54823 nm for the 72 MeV beam and to 0.54874 nm for the
32 MeV beam, where the uncertainty is 10.00002 nm. A significant increase
in the lattice unit cell was also found for SIMFUEL. The swelling due to
the change in the unit cell affected the grain boundaries of the bombarded
area and was observed by scanning electron microscopy.
3.1.26

Temperature Dependence of the G-Values for Water Irradiated with
High L.E.T. Radiation
A.J. Elliot, M.P. Chenier and D.C. Ouellette (System Chemistry
and Corrosion Branch)
V.T. Koslowsky (Nuclear Physics Branch)

The purpose of this program is to deduce the temperature dependence of the
yield of chemical species (g-values) created by neutron-induced recoil
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deuterons in reactor cooling water (PR-TASCC-3: 3.1.4; AECL-10545) from
radiolysis studies with heavy-ion beams. Table 3.1.26.1 shows that the
radiolysis of recoil deuterons between 0.5 and 5 HeV can be simulated with
TASCC beams of 2 H, 1 2 C and 7 Li, which span the range of L.E.T. and track
properties of the deuterons.
In this reporting period, a 540 MeV 1 2 C 6+ beam was used.
It was found
that the yield of the hydrated electron and Fe 3+ yield from degassed
F e 2 + / H 2 S 0 4 solution remained constant or decreased slightly with
temperature, unlike earlier studies vlth a 23 HeV 2 H + beam, where an
increase was observed.
However, the yields, g(H 2 ) and [g(H2)+g(H)],
increased with temperature for both the 1 2 C and 2 H beams.
TABLE 3.1.26.1
L.E.T. AND TRACK PROPERTIES FOR VARIOUS HEAVY IONS*

Ion

Recoil
Deuteron

12

C

2

H

7

Li

Energy (MeV/u)

0.5

5

45

11

25

L.E.T. (eV/nm)

80

8

80

10

50

Effective chemical
track radius (nm)

18

5

11

5

10

Fraction of energy
deposited in effective
chemical track (Z)

90

66

60

60

60

* Initial ion energy, L.E.T. and track properties.
These results are deduced from relative measurements of chemical yields.
However, the absolute yields are uncertain, because of a beam-current
calibration uncertainty.
Absolute yields will be estimated when yields
for Fe 3 + from 02-saturated Fe 2 + are known from experiments that are to be
performed by J. LaVerne (University of Notre Dame) in 1993 Harch.
In
addition, upcoming experiments at TASCC will use a 175 MeV 7Li beam to
check our recent results with 1 2 C and earlier measurements with deuterons.
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3.1.27

Ion-Beam Studies of High-Tc Superconductors
R.P.
J.A.
J.U.
G.C.

Sharma (North Carolina State University)
Davies (McMaster University)
Andersen (Aarhus University)
Ball, J.S. Forster and J.S. Geiger (Nuclear Physics Branch)

We reported earlier (PR-TASCC-3: 3.1.3; AECL-10545) on an attempt to
measure radiative electron capture by high-energy Br 3 4 + ions channeled in
a thin crystal of YBa 2 Cu 3 0 7 . x .
Unfortunately, the crystal thickness
(-12 (im) prevented a successful measurement, because exiting charge states
overlapped one another in the focal-plane detectors of the Q3D
spectrometer, when the crystal was aligned with the beam. In the present
work, we have carried out two experiments aimed at better understanding
structural changes in high-Tc superconductors above and below the critical
temperature.
The experimental setup was the same as that described earlier (PR-TASCC-3:
3.1.3; AECL-10545), except that a higher-power cryopump was used, which
allowed us to cool the target and surrounding shroud to -30 K.
In the first experiment, a relatively thick (-50 fim) YBa 2 Cu 3 0 7 . x crystal
was used. The purpose was to measure the change in lattice position of
the oxygen atoms with the strong 1 6 0(a,a) 1 6 0 resonance at 7.63 MeV
bombarding energy; the oxygen signal in the backseat ter spectrum from this
resonance was approximately twice as high as the signals from
backseattering of alphas from Y, Ba and Cu. Backseattered alpha particles
were observed in a 300 mm2 annular surface-barrier detector covering the
angular range 173° to 178°. The major problem with this experiment was
that the vacuum in the vicinity of the target was not adequate to prevent
an oxygen layer forming on the surface of the crystal when it was cooled
below 100 K.
In the second experiment, a thinner crystal (3 to 4 urn) was used in an
attempt to make a measurement of the KLL resonance in dielectronic
recombination for He-like Br ions channeled in the superconducting
crystal. A 17.9A MeV beam of 8 1 B r 3 3 + ions from the TASCC cyclotron was
used to bombard the crystal and exiting ions were charge-state analyzed in
three resistive-wire counters in the focal plane of the Q3D magnetic
spectrometer.
Although the crystal was thin enough that the various
charge states were well separated in the Q3D focal plane, the variation of
crystal thickness (~25Z) over the small available crystal area (1 mm
diameter) meant that the experiment was not feasible.
Attempts are underway to make more uniform, thin crystals of greater
diameter (1.5-2 mm) and to improve the vacuum system.
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3.1.28

Single-Event-Upset (SEU) Studies at TASCC
T. Cousins and T. Jones (DREO)
J.A. Davies (McMaster University)
H.R. Andrews and J.S. Forster (Nuclear Physics Branch)
H. Schmeing (TASCC Accelerators and Development Branch)

As noted in the previous progress report (PR-TASCC-4: 3.1.28; AECL-10674),
a better fluence-monitoring technique needs to be developed before the SEU
studies can be extended properly to GeV energies.
A suitable
transmission-type (gas-filled) heavy-ion detector has therefore been
designed and is being built.
This will be inserted in the beam line
immediately ahead of the SEU chamber in order to monitor directly the beam
flux (particles/cm2/s) before it impinges on the SEU test structures. A
major series of SEU bombardments with GeV 1 2 7 I beams is scheduled to be
carried out as soon as this fluence monitor has been installed and
calibrated against a solid-state surface-barrier detector.
3.2

INSTRUMENTATION AND FACILITY DEVELOPMENT

3.2.1

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

Four experiments were performed with the on-line mass separator during the
reported period. Two experiments used the FEBIAD ion source to study the
yield of neutron-rich isotopes from the fragmentation of a 3 7 C1 beam at
35A MeV and a 8 1 Br beam at 18A MeV on different targets. The other two
experiments involved the newly developed thermal ionization source; the
release times of lithium for different catcher materials were studied in
the first one, while the production of 3 8 Ca for first-forbidden beta decay
studies was investigated in the second one.
Modifications were implemented to the high-voltage safety system. A fuse
panel was installed to replace the breakers on the 208 volts 3-phase feed
to the high-voltage platform isolation transformer to comply with
recommendations from the high-voltage safety committee. The high-voltage
deck safety interlocks were also modified, to ensure that both doors
accessing the high-voltage and source cages are closed before allowing the
remote switching on of the source power supplies. This reduces the
possibility of exposing inexperienced personel or visitors to hazardous
electrical potentials.
The development of the helium-jet ion source has continued, with the
commissioning of an electron-bombardment-heated covered cathode that
replaces the hairpin filament. Sputtering of the filament by the arc
discharge formerly limited the lifetime of the source to 10-20 hours, with
frequent adjustments needed to maintain stable arc conditions. With the
new covered cathode, the lifetime of the source has been extended to about
100 hours. The indirectly heated covered cathode offers a much larger area
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for electron emission. It can therefore operate under much better thermal
conditions and with a much reduced ion sputtering per unit area for a
similar source arc current. Initial problems vith mechanical stability and
sensitivity to temperature cycling have been overcome. The source arc
operates under much more stable conditions; no adjustments are needed over
periods of a day. The yields of the source are also increased by about
30Z, vhile a resolving power of 11 000 has been achieved.
A modification of the FBBIAD ion source to handle deeply implanted
cyclotron beam fragments better has also been tested. In this version, a
nev stacked target/catcher holder replaces the present single catcher
assembly. The multiple thin-catcher arrangement allows for faster
diffusion of the activity than a single thick catcher, and should increase
the yields of short-lived isotopes. Preliminary tests have shown a loss of
ionization efficiency because part of the electron emission from the
cathode is diverted towards the catcher assembly. An increase in the
distance between catcher assembly and cathode solves this problem, but
does not at this point provide sufficient heating of the catcher material.
The possibility of adding external heating to the catcher assembly is
being investigated.
3.2.2

A High-Temperature Hot-Cavitv Ion Source for the On-Line Isotope
Separator
M.J. Watson, E. Hagberg, V.T. Koslowsky, G. Savard and W.L. Perry
(Nuclear Physics Branch)
J.C. Hardy (TASCC Division)

A high-temperature hot-cavity ion source has been built for the on-line
isotope separator to produce mass-separated beams of short-lived alkali,
alkaline earths and rare-earth radioisotopes. To minimize the residence
time in the source, the cavity volume is small, about 0.17 cm3.
It is
heated with up to 1000 V of electron bombardment power supplied from a
directly heated V filament that surrounds the equator of the cavity. The
cavity is fabricated out of Ta. It is supported on a 5 cm long, thinwalled (0.25 mm) V tube (3-6 mm diameter) to minimize conductive losses
and provide a rigid, stable structure. The cavity plus support tube can
easily be exchanged without removal of the filament.
The filament and
cavity are surrounded by three layers of cylindrical Ta heat shields at
filament potential, as well as end heat shields at ground potential.
Primary beam or reaction products enter the cavity through a 6-mm-diameter
Ta window, as thin as 2 mg/cm2, and are implanted into a porous graphite
or V catcher located at the far end. After diffusion out of the catcher
and subsequent re-ionization, the ions exit through a 1.25-mm-diameter, 5mm-long orifice.
When moderate amounts of heat are applied (400 V), beams with intensities
of 1-10 nA can be observed at masses 23, 28, 39 and 41.
The mass
resolving power is about 5000, but 13 000 was achieved with a 0.5-mmdiameter orifice. Xenon, which is not expected to be efficiently ionized
in this type of ion source, was observed to have an ionization efficiency
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of about 3 x 10* 5 . The ion-source temperature is difficult to measure
directly, but cavity foil samples of Ir, Ho and Ta vith melting points of
2410, 2617 and 2969°C, respectively, vanished when 800 V of heating power
was applied. In addition, at high power levels, the outer surface of the
cavity can be melted at spots where the electron bombardment is
concentrated. This localized heating takes place where the filament-tocavity gap is smaller than average.
The uniformity of the gap is
difficult to control because of the inevitable warpage of the filament.
The gap is typically 4 to 6 mm, but if a portion of the Ta cavity is
molten the metal flows to close the gap further, leading eventually to a
short circuit.
The source was commissioned on-line with Tandem beans of 46 MeV 7 L i 3 + and
120 HeV 4 0 C a 1 0 + . The purpose of the experiment was to measure the release
times and ionization efficiency for Li and Ca as a function of ion-source
operating conditions. The ionization efficiency was determined from the
ratio of extracted to injected mass 7 or 40 beam currents. The release
time was determined from the rate of secondary beam grow-in following the
sudden onset of primary beam current.
Four catchers were tested: Ta, 30Z porous V, Re and graphite.
The
ionization efficiency for the Li tracer was between 25Z and 40Z,
independent of catcher type. The release time, defined to be the time
required to observe half of the maximum extracted current, was 0.6 s,
14 ms, 0.6 s, and 0.4 s for Ta, porous V, Re and graphite, respectively.
Similar measurements for the Ca tracer were more difficult to perform
because of a background mass-40 beam from the hot-cavity source, which
reduced our sensitivity to the injected tracer, and the low primary beam
current of only 10 particle nA. Nevertheless, with a porous V catcher an
ionization efficiency of 1Z was observed with a release-time of 0.7 s.
Further developments need to focus on:
1) improving the filament
stability and reducing the heating irregularities, 2) determining what
target materials can survive undamaged near the outer heat shield,
3) determining whether this ion source is suitable for on-line mass
measurements, 4) establishing that the source can operate reliably for
several days, and 5) investigating whether the cavity can be fabricated
completely from V.
3.2.3

Prototypical Radioactive-Beams Experiment:
Inverse Kinematics

Reaction Studies with

J.C. Hardy (TASCC Division)
There has been considerable recent activity —
conferences, workshops,
etc. — surrounding the proposal to build an all-purpose radioactive-beams
facility, christened the Isospin Laboratory. One such workshop, held at
Oak Ridge in 1992 October, focused on the production and use of intense
radioactive-ion beams and included, among other things, the description of
several prototypical experiments that might be performed at the Isospin
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Laboratory. At the request of the organizers a paper was delivered on the
subject of reaction studies with inverse kinemati cs, particularly among
N~Z nuclei between 5 6 Ni and 1 0 0 Sn.
This region of the nuclear chart is interesting for a variety of reasons:
the nuclear structure is rich and varied, with the similarity of neutron
and proton numbers highlighting symmetry and correlation effects, and it
provides fertile grounds for the study of Gamow-Teller transitions,
0+ -• 0+ superallowed, and 0 + -• 0+ "forbidden" decays, the latter being
particularly important in establishing the charge corrections required for
precise determination of the weak vector coupling constant. Single- and
two-nucleon transfer reactions would provide an important tool in
exploring this region, but only if radioactive targets or beams are
available for the purpose.
Vith radioactive beams, the reactions will
proceed via inverse kinematics: i.e., instead of the familiar
56
Ni(d,p) 57 Ni reaction, for example, one would study d( 56 Ni,p) 57 Ni.
A number of specific reactions were examined:
p(57Ni,d)56Ni,
56
5
56
57
3
56
57
p( Ni,t) *Ni, d( Ni,p) Ni and He( Ni,d) Cu.
An example of the
results is shown in Figure 3.2.3.1 for the d( 56 Ni,p) 57 Ni reaction at
15A HeV, which corresponds to 30 HeV in the (d,p) reaction. Note that the
protons emitted at backward angles in the laboratory frame (lower abscissa
labels) actually correspond to those emitted at forward angles in the
centre-of-mass frame of the conventional (d,p) reaction (upper abscissa
labels).
The bottom part of the figure shows the requirements on beam
energy spread and angular acceptance for the proton detector to achieve
50 keV centre-of-mass energy resolution (PWHM) in the proton spectrum.
Expected count rates were also predicted based on the use of a gas-cell
target and strip detectors for particle detection.
With a suitably
designed array of strip detectors, it was concluded that a full set of
angular-distribution data could be collected for a single-nucleon transfer
reaction in several days at a beam current of 108 atoms/s.
Bvidently, such studies could easily form a major component of the nuclear
physics research program at any future radioactive-beams facility.
3.2.4

A Penning-Trap Mass Spectrometer for Short-Lived Isotopes at the
TASCC ISOL
G. Savard, E. Hagberg and V.T. Koslowsky (Nuclear Physics Branch)
J,C. Hardy (TASCC Division)
K.3. Sharma, R.C. Barber and J. Hykawy (University of Manitoba)
F. Buchinger, J.E. Crawford, J.K.P. Lee and R.B. Moore (HcGill
University)

The exploration of the unknown regions of the nuclear mass surface is a
major endeavor. The stable-isotope masses are known very accurately from
mass-spectrometer work.
Most of the known unstable-isotope masses have
been obtained from decay or reaction Q-values measurements. These are
relative mass measurements and are subject to rapidly increasing errors as
one moves further away from the valley of beta-stability. Direct mass
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Figure 3231
Calculated kinematics for the reaction d(s6Ni,pf7Ni at ISA MeV.
In the top part of the figure is plotted the laboratory energy of the ejected
protons as a function of their laboratory angle for three putative final states in
S7
Ni (the ground state and two excited states at S and 10 MeV). In the bottom
part are shown the limiting values of beam-energy spread and detector angular
acceptance necessary to achieve SO keV energy resolution (in the centre-of-mass
frame) in the proton spectrum.
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measurements on unstable iosotopes were first attempted by the Orsay group
at CERN. They showed that such experiments were possible, but the
technique was limited in application and subject to systematic errors. A
breakthrough took place over the last two years, with the first absolute
mass measurements on alkali and alkali-earth isotopes by the Mainz tandemPenning- trap system at ISOLDE/CERN. The technique used to determine the
mass of radioactive isotopes is to measure the cyclotron frequency of the
ions stored in the magnetic field of a Penning trap and extract the mass
from the relation wc = qB/m with accurate knowledge of the magnetic field
B. The CERN setup is still limited in applicability, but it has
demonstrated a promising potential for this kind of work.
We are presently in the conception stage of a new mass spectrometer to be
installed at the TASCC facility. A collaboration meeting was held in
Ottawa in September to determine the general layout, time schedule and
preparatory work distribution for a proposal to be put forward to NSERC in
1993. The instrument envisioned also employs the determination of the
cyclotron frequency of ions stored in a Penning trap. The general layout
of the apparatus will be similar to the Mainz/ISOLDE system. It will
differ from that system mainly in a better control of the trapping field
parameters and in the injection into the trap.
For the latter, the
possibility of using a resonant ionization laser ion source coupled to the
existing ISOL He-jet system is being investigated in collaboration with
the McGill group. This type of injection, which provides ion bunches very
well matched to the phase-space acceptance of the Penning trap, will have
a much higher efficiency than that used at ISOLDE, while also reducing the
elemental limitations present in the CERN system.
The mass resolution of such a spectrometer is Fourier limited by the RF
application time and is inversely proportional to the mass of the
investigated isotope. For unstable isotopes, the expected operation calls
for a mass resolution of about one million for mass-100 ions or 10 million
for mass-10 ions. Higher mass resolution can, however, be achieved for
long-lived or stable isotopes when necessary. From our working experience
with the CERN system, we believe that an accuracy of 10"e will be obtained
for unstable isotopes with the spectrometer design we are proposing. This
corresponds to an accuracy of 1 keV for a mass-100 ion. Additional
development work might allow the 10"9 accuracy regime to be reached for
stable isotopes.
The proposed mass spectrometer should be able to make maximum use of the
wide variety of unstable isotopes that can be produced at the TASCC
facility. In addition, the small number of ions necessary for a mass
measurement is especially well suited to a heavy-ion-based accelerator
complex. When installed at TASCC, this spectrometer would provide accurate
absolute mass values for unstable isotopes of most elements. It will also
have some unique possibilities, such as for the high-precision mass
measurements of the very heavy elements, which play a critical role in
predicting the existence of, and guiding the search for, superheavy
elements.
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3.2.5

Completion of the CRL-Laval Csl-Plastic Forward Array
R. Roy, L. Beaulieu, 0. Doré, M. Gourde, R. Laforest,
Y. Larochelle, J. Pouliot and C. St-Pierre (Université Laval)
G.C. Ball, A. Galindo-Uribarri, E. Hagberg, D. Horn, M.G. Steer
and T.G. Whan (Nuclear Physics Branch)

In preparation for a major run in August, several days of cyclotron beam
(2*Mg at 35A MeV) were used in July to perform the final adjustments on
the newly completed 80-detector array of the reaction facility.
This
array now includes five concentric rings, three made of phoswich detectors
and two others of Csl plastic. The phoswich array had been commissioned a
month earlier (PR-TASCC-4: 3.2.3; AECL-10674). A schematic view of the
complete array is shown in Figure 3.2.5.1. The design and development of
the two Csl rings were carried out in the framework of a master's degree
in physical engineering (M. Gourde, M . S c ) , and an instrumentation paper
should follow soon.
Among other optimizations, the present run has allowed us to fine-tune the
trigger, which is based on the total multiplicity of the array, to
position more precisely the integration gates on the Csl signals and to
time and gain match all detectors. For each physical event, the position
(6,$), energy, charge (mass for p,d,t), and relative time of all charged
particles are recorded.
Moreover, this beam time has been a very good opportunity for the new
graduate students to familiarize themselves with the various facets of
experimental work. In particular, the data obtained during the August and
November runs will be used for three theses (L. Beaulieu and M. Samri,
Ph.D., and Y. Larochelle, M.Sc.).
Secondary Beam Production with

24

Mg for Calibration Purposes

Secondary fragments were produced from a primary 2 4 Mg beam (25A and
35A MeV) and transported to the scattering chamber. The fragments were
then elastically scattered from an upstream and an intermediate-position
gold target to provide calibration points on all detectors. This approach
was used successfully during both the August and November runs. In each
case, different thicknesses of production targets were used to optimize
the alpha-particle and heavy-ion yields, respectively.
The low intensity of the primary 2A Mg beam and the fact that the third
ring of detectors is partially shadowed by the fourth ring when the
intermediate target is used led to long acquisition times.
It was
necessary to use a Tandem proton beam at 26 MeV to generate proton
calibration points with sufficient statistics. In the future., we plan to
use a primary carbon beam instead. This should allow more flexibility and
higher rates.

The CRL-Laval Array
Front View

Side View

As seen from the target

Beam-

-eTarget

H Fast-Slow Plastic Phoswiches
S3 Fast Plastic-Csl

Figure 3251

Schematic view of the 80-detector CRL-Lavd charged-partide array.
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3.2.6

Hiniball Particle-detector Array: Upgrade
A. Galindo-Uribarri, H.R. Andrews, G.C. Ball, N.C. Bray,
J.D. Lori, D.C. Radford and D. Ward (Nuclear Physics Branch)
J.C. Waddington (HcMaster University)
T.E. Drake (University of Toronto)

Work, has continued on the upgrade of the 24-element CsI(Tl) chargedparticle detector array (PR-TASCC-4: 3.2.4; AECL-10674) to 45 elements.
The purpose of this upgrade is to increase the granularity and the solid
angle in the forward direction.
Ve are reconsidering the original plan to segment the forward detectors
into four quadrants using units consisting of four photodiode chips
mounted on a single printed circuit board substrate with a common cathode.
To reduce engineering and tooling costs, a better option might be to use
individual lxl cm2 photodiodes. Quotes and samples of such detectors have
been received from two vendors.
One hundred hybrid preamplifier chips were received from eV Products and
samples were selected at random and tested. They performed within
specifications. The discrete components (connectors, capacitors,
resistors) have arrived, and a prototype printed-circuit-board layout is
being designed.
A small aluminum ring was built to clamp a gold foil and attach it to the
smaller inner sphere that forms the support structure for the particle
detectors. This large-area foil was used to stop recoils, thereby
facilitating
particle-isomer tag experiments (see section 3.1.18). To
dissipate the heat generated in the gold foil, a metallic braid connected
the foil holder to the central aluminum ring of the vacuum chamber.
To study high spin states of nearly self-conjugate N=Z nuclei, nearsymmetric reactions leading to light nuclei will be necessary. Therefore,
a very efficient detector system capable of selecting the weak channels of
interest is required. In addition to the 45-detector upgrade, we are
studying methods to improve further the angular and energy resolution of
the device, without losing efficiency, by complementing the CsI(Tl)
detectors with large-area (25 c m 2 ) , segmented, double-sided siliconmicrostrip detectors.
These versatile detectors would determine the
kinematics of reactions by measuring the energies and angles of charged
particles with high resolution. As transmission detectors, they could also
be used to provide p-a discrimination or be used in a position-sensitive
AE-E telescope. A sample of an ion-implanted totally depleted detector
with 96 channels, an active area of 2.56 cm2 and a thickness of 500 pm was
delivered by Micron Semiconductor Limited. Ve are presently exploring
different options to implement the electronics.
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3.2.7

The TRIGAM Spectrometer - Proposal for a National Facility
H.R. Andrews, G.C. Ball, À. Galindo-Uribarri, D.C. Radford and
D. Vard (Nuclear Physics Branch)
V.P. Janzen (TASCC/McHaster University)
T.E. Drake (University of Toronto)
J.C. Waddington (McMaster University)

One of the major research programs at TASCC is the study of nuclear
structure and reaction dynamics via 7-ray spectroscopy with the 8JT
spectrometer.
Since its debut in 1986, the 8x spectrometer has been
acknowleged as the best instrument of its kind in the world, but now more
powerful "third-generation" instruments are under construction in Europe
and in the U.S.A.
A proposal (T.E. Drake et al., "The TRIGAM Spectrometer:
Proposal for a
National Facility", 1992 October) for a new spectrometer, to replace the
8n spectrometer, has recently been submitted to the Canadian Natural
Sciences and Engineering Research Council (NSERC).
The proposal was
written by a team of physicists from McMaster University, the University
of Toronto and Chalk River Laboratories. The TRIGAM spectrometer will be
a versatile state-of-the-art instrument and through its increased power
will allow Canadian physicists to maintain their leading position in
nuclear spectroscopy worldwide.
TRIGAM is expected to cost about $10 M Cdn., and to take about two years
to build from the date of funding.
As was the case for the 8*
spectrometer, costs would be shared between NSERC and AECL Research.
The TRIGAM spectrometer will comprise an array of 40 double-D highresolution hyperpure Germanium (HPGe) detectors equipped with BGO antiCompton shields and an inner, nearly spherical, shell of 60 BGO detector
elements, which together capture most of the 7 radiation emitted in a
nuclear event.
The system measures the total 7-ray energy, 7-ray
multiplicity, and the spin orientation of the radiating nucleus for each
event, thereby vastly increasing the specificity of the HPGe array. Each
HPGe detector will be fabricated by physically splitting a very large
crystal into D-shaped halves, which are then mounted side-by-side in a
single cryostat, with separate preamplifier outputs, and surrounded by a
single BGO anti-Compton shield. This newly developed technique allows a
very cost-effective method of realizing a large solid angle for the HPGe
array without degrading the performance because of poor granularity.
The TRIGAM spectrometer will have a total HPGe solid angle of
approximately 27Z (versus 5X for the 8* spectrometer) and a total
photopeak detector efficiency (at £^=1 MeV) of 7.3Z (versus 0.8Z for the
8n spectrometer).
As a result, the instrument will be capable of
recording three and higher-fold high-resolution 7-ray coincidences at a
very high rate.
For example, 7-7-7 coincidences will be recorded at a
rate approximately 750 times that of the 8 K spectrometer. The predicted
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sensitivity is comparable to that of the best "third-generation"
instruments in the world and approximately 10 to 30 times greater than
that of the 8* spectrometer.
3.2.8

Data-Acquisition Hardware Development
F.J. Sharp

A new modular CAMAC-based general-purpose data acquisition system is being
developed for the TASCC experimental facility.
The new system will
ultimately replace the present data scanner, which has been in service for
the last ten years.
It will consist of one CAMAC 8052 auxiliary crate
controller (AUX) that oversees the operation of up to a maximum of 32
channels of general purpose ADC I/O modules. The AUX communicates with
each of the ADC I/O modules via a dedicated front panel daisy-chained
related-address private bus cable. The ADC data are formatted in the AUX
module before transmission to the Concurrent 3200-series on/off-line dataacquisition computers.
Printed-circuit-board versions of CAMAC modules have been built and tested
for one 16-I/P status module, three ADC I/O modules and one 8052 auxiliary
controller module.
Multichannel Scaler Acquisition System (MCS)
An adaptation of the 8052 AUX CAMAC module is being used to control and
read the contents of 2048 x 24-bit multichannel-sealer CAMAC modules.
This is an application request by the I SOL experimental group, and
ultimately the requirement is for eight of these MCS CAMAC units to be
controlled by the 8052 AUX. On an external command to the AUX, the AUX
reads the contents of the selected MCS module and stores the data into a
512 k x 24-bit CAMAC triple-port memory module. Single-channel or blockchannel reads from the selected MCS module are under the direct control of
the MCS AUX. So far, one CAMAC HCS AUX module and one 2048 x 24-bit MCS
module have been built and bench tested. In the bench tests the data read
from the MCS module have been successfully written into a LeCroy 3588 16 k
x 24-bit dual-port CAMAC memory module.
Triple-Port 512 K x 24-Blt CAMAC Memory Module
Since the new data scanner requires more CAMAC memory space than is
presently available (128 k x 24 bits), a new, triple-port 512 k x 24-bit
CAMAC memory module is being developed for the new data-acquisition
scanner and the MCS acquisition systems. The new memory module is capable
of communicating simultaneously with the CAMAC dataway via conventional
CAMAC read and write commands, with the general purpose data ADC 10 CAMAC
modules via a common daisy-chained, ribbon-cable, private bus for
histogramming and with an on-line display via a dedicated read-only data
port.
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The histogramming private bus supports a nineteen-bit address bus in an
add-one mode. It tests the histogramming requests of the on-line ADC 10
modules in a cyclic and sequential manner.
Requests detected by the
memory-control logic are serviced and one count added to the contents of
the selected memory location. In the display node, the external dedicated
on-line display system is continually addressing selected areas of the
memory module and non-destructively reading and displaying the contents of
these locations.
At the present time, the memory module has been
assembled and is in the process of being bench tested.
2048 x 16-Bit Non-Volatile CAHAC Memory Hodule
A CAMAC 2048 x 16-bit R/V non-volatile memory module has been built and
successfully tested. The new memory uses the XR 2816 EEROM chips in place
of a conventional semiconductor memory chip. Conventional semiconductor
memory is volatile and subject to data losses during power interruptions
or transients. This nev memory module is intended to replace the present
CAMAC mail-box memories in use with the low- and high-energy beam buncher
systems. A high-voltage breakdown in the accelerator or ion source often
alters or destroys the contents of the present mail-box memories. This
causes the microprocessor-controlled buncher systems to act in
unpredictable ways.
The XR2816 mail-box versions should be less
susceptible to these high-voltage transients and give more reliable
buncher operation.
3.2.9

TASCC Experimental Electronics
G.A. Tapp

One set of the general-purpose scalers (PR-TASCC-3: 3.2.5; AECL-10545) vas
built, de-bugged and installed for the green station. (The set includes a
CAMAC-based control unit, two chassis and ten scaler modules plus two
spares.) Ten more modules have been assembled and parts readied to build
a similar system for the red station.
An optically-isolated IGOR Interface was completed and installed on the
32-channel bias supply for the 8* miniball (PR-TASCC-3: 3.2.6; AECL10545).
This interface has been set up to operate with a "TTL" IGOR;
however, it can easily be reconfigured to operate with the "HTL" IGORs,
which are in great abundance on site.
This feature has not yet been
implemented.
A replacement clock source for the control room has been tested and its
associated buffered distribution system is near completion.
The actual
clock source was built in early 1991. It was calibrated this year against
the Standards Lab precision clocks, which are good to 2 ppm/a.
Several
tests were done. In one test the new clock source was within 0.35 ppm of
the precision clock over a 24-hour period. A TTL buffer was built for the
clock source as well as two distribution panels. All is complete except
for the last distribution panel. This will be finished after major work
for the new data scanner is completed. The system will then be installed
and tested.
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Five CAHAC programmable auxiliary controllers (PR-PHS-P-7: 3.2.9; AECL9995) vere built, tested and delivered for use on the beam line, and four
NIM/ECL/NIM convenors vere built and tested.
A gated 12-channel status module vas designed and built for the AMS group.
A nev technique for making single-sided circuit boards (PCB's) vas tried
on this project. Circuit traces vere plotted directly onto a thin piece
of copper-clad fibreglass vith the plotter, and a pen loaded vith
resistant ink.
The board vas then etched, cleaned and mounted onto a
thicker fibreglass substrate vith double-sided tape.
The result vas a
functional circuit board.
This technique is somewhat slover than virevrap and should probably be used only if the need for a PCB is great.
Work vas started, and most major designs completed on a replacement data
scanner for the experimental control room (see section 3.2.8). Based on
prototype vire-vrapped modules, circuit boards vere laid out for the
following CAHAC modules: a nev auxiliary controller, a status module, and
an ADC input/output module. Subsequently, the PCB modules vere assembled
and tested.
The coincidence/singles gating and ancillary hardvare designs from the old
data-scanner system vere evaluated and modified to meet the nev design
specifications. Seven PC boards vere designed and are being fabricated.
Three nev chassis vere designed; tvo are completed. Most components are
already on hand. Completion of the gating hardvare is scheduled for early
1993.
3.2.10

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

During the past six months, both the CCUR 3230 and 3280 computer systems
vere used extensively for on-line data acquisition, off-line analysis and
system development.
The latest revision of the operating system OS/32 9.1 vas installed and
tested on both systems, and a double-density Exabyte 8500 tape drive vas
commissioned on the CCUR 3280.
Other softvare upgrades included nev
commands to allow users to save and restore data-acquisition tasks and to
control, display and log data from the nev CAMAC scalers.
A temporary bridge vas installed betveen the local CCUK/SUN netvork and
the CRL site netvork to provide remote access to/from the SUN
vorkstations. Tests vere carried out to ensure that this link vould not
adversely affect data acquisition on the CCUR 3280 computer system.
A
programmable router that vill restrict traffic across the bridge has been
purchased.
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A new general-purpose data scanner is being developed to replace and
upgrade the existing one, which has been in service for -10 years (see
section 3.2.8). An advisory committee vith representatives from all major
user groups was formed to ensure that the nev scanner will serve their
present and future needs.
Usage of the SUN workstations for playback and off-line graphics analysis
has increased during the past six months. An NCD color RISC X terminal
vas installed and a second one has been ordered. Additional memory vas
also installed on all three SUN workstations.
The off-line playback
software was completed and tested.
A double-density Exabyte 8500 tape drive has been installed on the SUN
network seven in Bldg. 114, Room 144.
Flashback, an OpenLook-based
application for backing up and restoring networked SUN computers, was
purchased and is being used for system backups.
The Uniras graphics library package has been upgraded to version 6v3a.
The development of the on-line graphics analysis (OLGA) software has
continued (see section 3.2.11), with completion of the first working
version scheduled for the fourth quarter of 92/93.
3.2.11

SUN Data-Analysis Softvare Development
R.W. MacLeod (Nuclear Physics Branch)
H.A. Thompson (Mathematics and Computation Branch)

Development has continued on the On-line Graphical Analysis (OLGA)
program. The public-domain Tool Command Language (TCL) has been installed
and is being used as the command line interpreter vithin OLGA. TCL is a
library package that can be embedded in an application program, thereby
providing a standard command syntax and a programming interface (i.e.,
conditional statements, loops, variables, and command files).
At Chalk
River as veil as at other labs, there are quite a fev different data file
formats; in OLGA, all data are stored in the same type of data structure
called a histogram object. The data structure stores all the histograms
as veil as all the properties of each histogram. Associated vith the data
structure are a set of functions used to access the data and its
properties. Not only does this avoid the use of global variables (which
tend to make the program difficult to debug and change), but it also hides
some of the histogram details from the higher levels of the program. For
example, to read any type of data file, you can call one function that
will initialize a histogram object, load the data, and fill in all known
properties of the data. To display the data, you would call another
function and pass just the histogram object label and a histogram
identification number. This approach requires more development time, but
significantly less maintenance time over the lifetime of a program. Since
total maintenance time (fixing bugs and adding new features) for a poorly
designed program can be greater than the initial development time, this
design should prove worthwhile.
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By the end of 1992, the program OLGA vas able to read and selectively
display one-dimensional data files (.spk). In addition, data transfer from
the Concurrent 3230 to the Sun SPARCstation over a CAMAC serial highvay
has been implemented.
Other data analysis activities include maintaining and making minor
improvements to the Unix version of the 8* data analysis package (RADWARE)
and maintaining Oak Ridge's program DAMH. The Concurrent tape-scanning
programs have been ported to the Sun platforms and an off-line dataanalysis software package is now available to TASCC users (see section
3.2.12).
3.2.12

Data-Analysis Softvare Implementation on SPARCstations
L. Beaulieu and Y. Larochelle (Université Laval)
R.V. MacLeod (Nuclear Physics Branch)

Several data-analysis routines, running on the Concurrent (CCUR) computers
had been translated and adapted to run on SUN SPARCstations (see section
3.2.11). However, it vas not possible to do everything on a SPARCstation,
and many input files differed between the CCUR and the SPARC. Changes
have therefore been made to achieve full compatibility betveen the tvo
computer systems.
The following organigram (Figure 3.2.12.1) indicates
the main links between the programs and I/O files.
The program SUGARH4, running on the SPARCstations, vas modified to produce
output files vith extensions .DIR, .MIL, and .LST that are readable when
transferred to the CCUR. The routine FREG was added to SCANM4 (the SUN
version) to handle properly input and output of the two-dimensional
(banana) gates. These and other changes allow the user to link the same
USERSUB with the tape-scanning code on either the CCUR or the SPARC
computers. A SUN version of TEKDIR was written to generate .DRR output
files, providing the necessary bridge betveen SCANCM4 and DAMH.
Small
changes, such as the addition of an Un-Zoom function, were made to the
program DAHM.
As a result of these modifications, the data-analysis process can be
performed entirely on the SPARCstation. This is particularly important for
the Laval group, which has a SPARCstation II dedicated to data analysis
but has no access locally to a CCUR. This complete compatibility between
the facilities at Laval and Chalk River has already proven to be most
efficient.
Moreover, files can now be moved betveen the CCUR and the
SPARCstations without modification.
3.2.13

Program to Steer Automatically the Beam in the TASCC Beam Lines
V.G. Davies and R.E. Howard

A computer code has been vritten for the TASCC PDP-11/44 control computers
that optimizes the steering of the ion beam at various sections of the
beam line.
The code makes use of both the slit information and the
Faraday-cup currents at and in front of the active section.
If beam
transmission drops belov 90Z, the program stops and displays an error
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Figure 32121 A schematic representation of the data-analysis process showing the
linkage between programs (boxes) and I/O files (ovals).
message. The algorithm is iterative and adaptable, requiring a minimum of
input information.
The program has successfully steered the beam at
Section l-3f in both the horizontal and vertical directions in many
trials, the biggest problem encountered being that of temporal beam
fluctuations over the time period of the adjustments. This problem has
been alleviated by an averaging technique, along with the appropriate
"hysteresis" in the optimization routine.
In an upcoming test, the
program will be tested for both sections l-3f and 1-lg.
3.2.14

Application of Differential Algebra to the Optics of Ion Sources
and Electrostatic Lenses
W.G. Davies (Nuclear Physics Branch)
S.R. Douglas (Mathematics and Computation Branch)

Ion-optics codes, such as INJECTR (PR-PHS-P-3: 3.2.17; AECL-9503) or
TRANSPORT, generate and optimize the optics of complex systems via the
multiplication of transfer matrices (optical maps) generated for each
individual optical element.
The general solution of the differential
equation for the electromagnetic field of each element is stored in the
program and used, along with the appropriate parameters, to generate the
map of each element at run time. This procedure is very efficient for
standard magnetic and electrostatic dipoles and quadrupoles, etc., but is
not so straightforward for many electrostatic elements, such as Einzel
lenses, ion sources and immersion lenses, because these devices have no
standard geometry, and "end-effects" are very important.
Thus, to
generate the map for such devices, the electric fields must be computed
for each "special" element and the equations of motion integrated (usually
numerically) to obtain the map. This is, in fact, what was done for the
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electrostatic components incorporated into the code INJECTR, with the
addition that the maps were parameterized so that maps for different
voltages could be constructed at run time without having to re-integrate
the equations of motion.
To analyze the recently encountered problems with unstable isotopic ratios
for Cl beams observed in the Accelerator Mass Spectrometry (AMS) program
(see section 3.1.22), it is necessary to upgrade the code INJECTR to
include not only the new ion source, but the effects of the electronsuppressing magnetic field, which breaks the cylindrical symmetry of the
ion source. No code currently exists that can calculate the optics of
such a device, so we have decided to modify the new Differential-algebraLie-algebra code DACYC (PR-TASCC-4: 3.2.10; AECL-10674), to compute the
first, and high-order optics of the ion source and the associated Einzel
lens.
For differential-algebra to be used, the electromagnetic potentials must
be in analytic form.
For the electrostatic part, this is quite
straightforward, as the potential obtained from the code POISSON, for
example, can be expanded easily in a Fourier-Bessel series. The Fourier
Bessel series is an exact solution of Maxwell's equations. The FourierBessel expansions of the new Einzel lens, and the so-called "ion-focus"
lens and extraction element of the new AMS ion-source, have been obtained
from POISSON calculations. Yet to be completed is the front-end of the
AMS source and the symmetry-breaking electron-suppression magnet.
Hamilton's equations in cylindrical coordinates with the z-coordinate as
the independent variable have been derived and are being coded in DA.
This involves obtaining high-order derivatives of the modified Bessel
function I 0 as a DA operator.
The first-order transfer maps obtained from the DA code will be
incorporated into the program INJECTR, which will then allow us to analyse
the optics of the Tandem injector in greater detail. The higher order
aberrations of the ion source and the Einzel lens will be analysed with
the modified DACYC code.
3.2.15

Upgrading of the Negative-Ion Injector Code INJECTR
W.G. Davies

The ion-optics code INJECTR (PR-PHS-P-3: 3.2.17; AECL-9503) has been
resurrected and installed on the CDC-990. The code has also been modified
to allow the study of certain aspects of the problem that the ratio of
35
C1 to 3 7 C1 currents extracted from the source is not the known isotopic
ratio, and furthermore is not constant with time. A solution to this
problem is of critical importance to the Accelerator Mass Spectroscopy
(AMS) program (see section 3.1.22). To date, the code has been used to
analyse the optics of the 3 5 C 1 , 3 6 C1 and 3 7 C1 beams from the Hiconex 860
ion-source "cone" to the entrance to the Tandem. The results of these
calculations indicate that the best strategy is to scale all voltages in
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the ion source, not just the extraction and Einzel lens voltages, as was
done earlier. The calculations reproduced the experimentally determined
optimum parameters very well.
Although some improvement in the
reproducibility and stability of the isotopic ratios was observed (ibid.),
the problem has not been solved with the above-noted changes to the
operating procedures.
The current version of INJECTR assumes cylindrical symmetry of the ionsource system.
This is correct for the electrostatic part, but is not
correct for the magnetic "electron suppression" field, which has been
ignored until now.
The behaviour of the source is not consistent with
cylindrical symmetry and it is suspected that the magnetic field may be
the cause of the problem with the isotope ratios. Thus, it is essential
to include the effects of the electron-suppressing magnetic field.
To do an accurate analysis of this problem, the INJECTR code must be
upgraded to Include not only the detailed optics of the new AMS ionsource, and the new Einzel lens, but also the symmetry-breaking magnetic
field. Current codes for calculating the electro-magnetic fields and the
optics of ion sources, such as the SLAC "Gun Code", are not capable of
handling non-symmetric situations; hence, we must write our own code. A
modification of the new cyclotron code, DACYC, is being developed to
handle this problem (see section 3.2.14).
3.2.16

P r o g r e s s on the Magnetic-Field
Superconducting Cyclotron

Hodel

for

the

TASCC

G.E. Lee-Whiting (Theoretical Physics Branch)
W.G. Davies (Nuclear Physics Branch)
G.D. Pusch (TASCC Accelerators and Development Branch)
S.R. Douglas and N.J. Diserens (Mathematics and Computation
Branch)
Significant improvements have been made to the cyclotron magnetic-field
model, which will be used with the new differential-algebra-Lie-algebra
orbit-dynamics code DACYC (see PR-TASCC-2: 3.2.10; AECL-10431). The model
consists of the superconducting coils; semi-infinite, uniformly-magnetized
polygonal "prisms" of iron, which represent the hills, valleys and skirt
regions of the cyclotron poles; and the yoke, which is represented in the
magnetic-circuit approximation (ibid.).
The yoke model also terminates
the infinite prisms. (Finite prisms could be used, but require twice the
computing time per prism, as do the infinite prisms.) Furthermore, the
edges of the prisms are softened by adding linear dipole densities, to
help compensate for non-uniform magnetization effects.
These dipoledensitles are the only free parameters in the model. With this model,
good fits were obtained to the measured mid-plane fields; the RMS error
was 0.2.37X for a mid-field case. Neglected in this model were the small
inclination of the pole face to the horizontal in the region of the inner
"z-shims", the "z-shims" at inner and outer radius, as well as dishing of
the pole, modifications introduced to correct the magnetic field as a
result of the initial field measurements made in 1980.
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Inspection of the residual field plots indicated that the major
contribution to the RMS error vas in the region of the outer z-shim, with
significant contributions coming from the points of maximum deviation of
the polygons from the iron of the real poles. The second effect has been
alleviated by replacing the tangential dipole densities with a magnetic
monopole (really a dipole with its second pole at infinity) plus a dipole
at each vertex of the polygon; this still ignores the regions where the
chords deviate from the iron.
(The dipole might be eliminated if we
placed the monopole at the center of gravity of the over-hang instead of
the vertex, but that solution requires much more computer time.) When
this revised model was fitted to measured data, there vas a dramatic
reduction in the RMS error, now 0.126Z.
In the new residual plot, the
missing z-shims are now clearly outlined by the contours.
A simple
current-loop approximation of the z-shims is being incorporated into the
model and should once again dramatically improve the quality of the fit.
It is clear that the fit could be further improved by modifications to the
polygonal geometry from the currently used equal-area approximation to a
model, in which the sides of the polygon are always tangent to the
circular arcs. This increases the "over-hang" of the vertices, which is
then compensated by the monopole-dipole corrections. The z-shims plus the
new circumscribed model are currently being incorporated.
Even at its present stage, the model gives quite impressive results. If
we compare the Fourier-coefficients of the model field as a function of
radius with those from the measured field up to harmonic n=40, the
agreement is astonishingly good, though there is some indication of
deficiency at the ends of the range of r. This happens for two reasons:
a) the linear dipole densities are poorly constrained by the data at the
extreme radii, and b) the dipole densities are attempting to compensate
for the neglected z-shims. Ve checked our model by calculating the field
with the finite element code TOSCA. T0SCA reproduces the main features of
the field, and the lowest Fourier coefficients are in agreement; for
higher values of n, they do not agree, as is expected, because of the
coarseness of the integration mesh in TOSCA.
To reduce the computational effort, the yoke model has been replaced by a
simple quadratic function in the radial coordinate. This is justified by
the observation that the contribution of the yoke in the active volume of
the cyclotron is very accurately modelled by such a function. We are also
investigating whether a polynomial function will represent both the yokes
and the poles up to the valley floor. If such a model is sufficiently
accurate, a 30-50Z reduction in computation per field point is expected.
3.2.17

Heavy-Ion Elastic Recoil Detection (HIERD)
H.R. Andrews and J.S. Forster (Nuclear Physics Branch)
R. Siegele and J.A. Davies (McMaster University)

Elastic recoil detection (ERD) is a fast, quantitative and non-destructive
analytical technique for low-Z elements in almost any substrate. It is
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based on the same basic principles as the familiar Rutherford backscattering (RBS) technique, but looks at the forward-scattered recoil
energy distribution instead of the backseattered primary beam.
The
pioneering development of ERD occurred at the Université de Montréal in
the mid-70's, with typically 20-30 HeV 2 8 S i and 3 5 C 1 ion beams
(J. L'Ecuyer et al.,
J. Appl. Phys. 47 (1976) 881).
Recent work at
Garching (V. Assman, NIM B64 (1992) 267) suggests that the technique might
be improved considerably if much heavier ion beams were used, such as
150 MeV 1 2 7 I (HIBRD). For quantitative analyses, the optimum ion energy
is always in the 1-2A HeV region. Hence, HIERD requires an accelerator
capable of producing 150-250 MeV heavy-ion beams:
i.e., an accelerator
such as the TASCC MP Tandem or the FN Tandem at McMaster.
A collaborative investigation between the CRL and McMaster groups is being
carried out, firstly to develop a suitable Bragg detector for determining
both the identity and the energy (i.e., the depth) of each recoiling atom,
and subsequently to apply the technique to several important thin-film
analyses.
Based on the experience of the AMS group at CRL, we have
designed and built a suitable gas-flow Bragg-peak detector system and have
performed an initial (two-day) series of recoil measurements on a variety
of targets to evaluate the performance of this detector.
The incident
beam was 150 MeV 1 2 7 I and the forward-scattering angle to the detector was
30°. Low-mass recoils (7Li, 1 2 C , 14 N, 1 6 0 , 1 9 F ) were all cleanly resolved
from each other and also from the continuum signal of heavier recoils from
the underlying thick substrate (e.g., Ta, Zr, In, P, etc.). Our detector
energy resolution for these low-Z recoils was good (1-2Z FVHM) and the
corresponding depth resolution was 20-30 nm. However, for heavier recoils
( 28 Si, 5 5 F e , 5 9 C o , 6 4 Cu, 7 3 G e ) , the energy loss in traversing the
700 fig cm-2 entrance window to the detector was large enough (20-40JJ) to
drop the recoil energy well below the Bragg peak energy.
Under such
conditions, the Bragg detector signal exhibits almost no dependence on
atomic number.
Consequently, the elemental resolving power of the
detector for masses greater than -28 was extremely poor.
We have now rebuilt the detector with a considerably thinner window
(250 /ig/cnr2) in an attempt to extend the range of the HIERD technique to
these heavier recoils.
3.2.18

Target Laboratory
P. Dmytrenko and H.R. Andrews

In the second half of 1992, the target laboratory 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 the terminal and
high-energy strippers of the Tandem accelerator and also for the
superconducting cyclotron.
Stable isotopes and other compounds were
chemically converted for use in TASCC ion sources.
Stretched
polypropylene films were coated with various conductive metals. Natural
gadolinium foils were prepared for testing of a prototype neutron detector
being developed for the Sudbury Neutrino Observatory (SNO).
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a)

Targets Prepared for the Nuclear Phvslcs Branch

The following targets were produced for nuclear physics experiments:
natural Ag, Al, Au, C, Ca, CaO, Cu, Ga 2 0 3 , Gd, Gd 2 0 3 , Bo, Ho, NaCl, Pd,
Tb, Ta, Re, V, Y, Zn and ZrNb; 1 2 C , 5 8 Fe, 6 1 Ni, 64 Zn, 7 6 Ge, 1 0 0 Mo, 1 2 4 Sn,
157
Gd and 2 0 8 Pb.
b)

Haterials Prepared for Other Branches

Ferrite samples were vacuum coated vith copper, nickel-chrome and titanium
for the Accelerator Physics Branch. Zirconium foils were rolled for the
Reactor Materials Research Branch.
The Physical Chemistry Branch was
supplied vith zirconium and zirconium-niobium samples.

4. TASCC ACCELERATORS AND DEVELOPMENT BRANCH
Edited by B.F. Greiner
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4.1

CYCLOTRON

4.1.1

Operation
H. Schmeing

The current report period, only the second after the commissioning of the
cyclotron was completed in 1991 October, has again been a successful one for the
machine. In all, 14 runs were scheduled for a total of 75 days of operation,
accounting for 45% of the available beam-time versus 55% for Tandem-only
operation.
Compared to the first half of 1992, the number of runs was down
(from 20) but their duration was up, for the same total number of days. The
longest production run was in August, 2 4 Mg at 25 MeV/u, for the Laval University
group, with 100% beam availability. The breakdown of days of production runs,
development runs and training runs was 48:24:3, respectively.
Nine new beams were developed, bringing the total number of beams available to
experimenters to 61 (see Table 4.1.1.1). For the first time, we exploited the
principle of "equivalent beams", new cyclotron beams with rigidities close to
known ones.
The electrostatic deflector has proven to be rather reliable. Over a six-month
period in 1992, only four openings for servicing were required, none of which
was caused by the deflector electrodes. A performance level of 160 kV/cm (80 kV
over the 5 mm gap) can be routinely achieved. Should servicing be required, it
rarely takes longer than six hours of work in the midplane, not counting the
subsequent pumpdown.
A new deflector with remotely-adjustable gap size (5 mm to 8
installed just after the report period, in early January.
spark damage and was removed for minor modifications. Also
time was a third diagnostic probe, P3, which will allow us
center-of-orbit position unambiguously.

mm) was built and
It suffered some
installed at that
to determine the

While the actual operation of the machine is becoming increasingly routine,
there were tense moments on Friday, November 13.
We experienced a power
shutdown of record length: five hours. The cryostat vacuum deteriorated, which
led to a thermal short and, with it, the complete loss of our liquid helium
inventory, both in the magnet cryostat and in the storage dewar. It took more
than a week to recover from this incident. Fortunately, there was no measurable
movement of the magnet's pancake coils.
Good progress was made on the new beam-dynamics code, both on the accuracy of
the magnetic field representation and on the routines calculating the r.f.
field.
In the latter area, a code has been written which appears to be
substantially more efficient than MAFIA while running on a 486 PC.
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TABLE 4.1.1.1
CYCLOTRON BEAMS AVAILABLE FOR EXPERIMENTS AS OF 1992 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
43
44
45*
46
47
48
49
50

ION
6

Li
Li
12
C
12
C
12
C
12
C
12
C
12
C
14
N
16
0
ia
0
18
0
28
Si
28
Si
28
Si
28
Si
14
N
24
Mg
24
Mg
35
C1
35
C1
35
C1
35
C1
35
C1
35
C1
35
C1
37
C1
37
C1
37
C1
63
Cu
63
Cu
63
Cu
70
Ge
74
Gs
76
Ge
7
«Ge
76
Ge
79
Br
79
Br
79
Br
79
Br
79
Br
79
Br
79
Br
81
Br
81
Br
81
Br
107
Ag
107
Ag
107
Ag
7

ENERGY fHeV/ul
50
30
50
45
40
30
23
10
30
25
38
36.5
30
8
7
6
40
25
35
35
30
11
10.25
9.5
8.5
6
35
22.5
5.5
20
18
10
35
4.2
4.45
4.35
4.2
22.5
20
18
15
13
10
6.5
18
4.37
4.17
13
10
6.5

R.F. HOPE

INTENSITY fnAI

7T
7t
7i
K
7t
7T
7t
0
7T
7C
7t
7C
n
0
0
0
7C
7t
7t
jt
ji
0
0
0
0
0
7T
7T
0
0
0
0
7T
7t
n
TC
7t
0
0
0
0
0
0
0
0
n

14
17
140
260
325
23
150
0.5
20
90
52
500
60
45
10
70
45
22
150
130
260
32
24
45
39
5.5
150
100
33
33
50
33
2
80
60
95
58
7
<1
120
60
35
55
6
125
80
50
8
8
20

TT

0
0
0
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TABLE 4.1.1.1 (CONCLUDED)

ION

NUMBER

107

51
52
53
54
55
56
57
58
59
60
61

Ag

107Ag
1271
127J
127J
127J
1271
1271
l"Au

!"Au
238U

ENERGY THeV/ul

5.6
4.7
19
15
11
10
5.6

R.F. MODE

0
7t

0
0
0
0
0

5.12

7t

8
5.6
3

0
0
7T

INTENSITY fnAl
< 1

1.3
42
63
< 1

70
10
6
13
10
0.026

* New beam

4.1.2

Elect rostatic-•Deflector Development
W.T. Diamond, R.E. Milks, R.R. Tremblay and J. Wills

During the second half of 1992, 101 kV was sustained over a deflector-to-septum
gap of approximately 6 mm, producing a gradient of about 170 kV/cm.
This was
the first demonstration that the entire deflector would operate at a voltage
greater than 100 kV, albeit without magnetic and r.f. fields.
This result
follows the successes of the previous report period, where gradients exceeding
180 kV/cm were achieved over 5 mm gaps after thorough cleanups of the deflector
and midplane.
The reliability of the deflector has also improved significantly during 1992.
The deflector operated from 1992 April through September with only four midplane
openings.
The first opening was for replacement of the feed insulator, which
had developed a small water leak. The insulator was also replaced during the
second opening, but the problem was later traced to the thin Teflon tube that
separates the incoming high-purity water flow to the deflector from the return
water. The remaining two openings were to increase the gap for a specific beam
development which needed a larger gap at lower gradient, and to return to the
gap used for routine operation. In fact, the metal surfaces, which sustain the
high electric field, and had been the target of most development and preparation
efforts, operated throughout this period with no maintenance.
Operation during late September and early October with beams of carbon at
23 MeV/u and oxygen at 38 MeV/u reached record extracted currents, in excess of
500 nA (electrical). The energy deposited on the leading edge of the septum by
the high currents caused local sputtering and melting of the thin stainless
steel.
In addition, material evaporated from the septum was deposited on the
cathode and produced a region of high field-e'-nission, which required major
deflector maintenance.
Near the end of 1992, a vacuum valve was inadvertently opened with the midplane
at rough vacuum. The resulting inrush of air broke all the carbon foils on the
foil changer, and may have dislodged other fine particulates, which contaminated
the deflector.
Two thorough cleanups of both the deflector hardware and the
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midplane copper were needed to restore operation of the deflector.
The
operation at 101 kV with about a 6 mm gap was achieved after the second cleanup
and a period of slow conditioning.
Operation with a large gap is sometimes desirable because better beam
transmission can often be obtained.
To this end, a remotely moveable septum
has been designed and fabricated, so that the gap between the septum and the
electrode can be adjusted without the midplane being open. The combination of
the high gradient and adjustable gap will provide greater flexibility of
operation and reduced beam losses in the cyclotron midplane.
All of the parts for a remotely moveable septum were on hand by the end of 1992.
Installation in the cyclotron took place during a major maintenance period
starting on 1993 January 4.
4.1.3

Main-Magnet Diagnostics
D.L. Schroeder (TASCC Accelerators and Development Branch)
C.R. Hoffmann (Accelerator Physics Branch)

A power failure coupled with poor vacuum in the cryostat resulted in complete
loss of liquid helium and in appreciable warmup of the magnet coils (see section
4.4.1). A gas-bulb thermometer, probably in contact with the helium can, gave a
maximum temperature of approximately 100 K during the incident. The temperature
of the coils was uncertain.
Subsequent cyclotron operation demonstrated no
deleterious effects on the magnet.
It was realized that a temperature-monitoring scheme previously used during
cool-down from room temperature could be set up as a permanent diagnostic, which
would provide directly the average temperature of each of the 32 pancakes in the
coil.
This method takes advantage of the voltage taps installed on the
pancakes. The method is to drive a constant current of about 1 A through the
coils, measure the voltage drop across each pancake and thereby determine
pancake resistance, and then deduce the temperature from the known variation of
copper resistance with temperature.
Work is in progress to implement this
diagnostic.
4.1.4

Foil Changer
J.S. Wills (TASCC Accelerators and Development Branch)
J.F. Mouris (Accelerator Physics Branch)

During routine operation of the cyclotron, difficulty was experienced in moving
foils into position to intercept beam. The crux of the problem turned out to be
a design flaw in the rotary vacuum feedthrough used to drive the transport
chain. A bearing located on the vacuum side of a wobbly bellows had its inner
race rubbing on the end fitting of the bellows, which was also in contact with
the outer race of the bearing. This contact resulted in galling and generation
of metal debris that further impeded rotation of the feedthrough.
The end
fitting of one feedthrough was removed from the bellows and the bearings were
replaced.
The end fitting was then remachined and electron-beam welded back
into place.
A mechanical test jig will be assembled to verify that this
modification eliminates the problem in a realistic operating situation.
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Other maintenance work included lubrication of the transport chain and
replacement of the HACOR channel in the r.f.-shielded foil guide with a boronnitride channel.
A modified MACOR channel (PR-TASCC-4: 4.1.4; AECL-10674)
suffered the same damage as the original, but the replacement channel has
functioned satisfactorily.
4.1.5

Radial Probes
R.E. Milks and R.R. Tremblay

The performance of the newly designed probe heads has been favourable since the
installation of interlocks that turn off the r.f. power if water cooling is
lost. All eight heads of the new design are now on site. A new 0.010" tungsten
wire has been installed in place of the original 0.020" tungsten wire as the
innermost current sensor, to improve beam resolution even farther over that
available from the axial fingers.
The problem with r.f. sparking has been addressed by the installation of new
r.f. contact fingers around the perimeter of the probe holes in the water-cooled
wall plates. The old contact fingers had all but disappeared after many months
of probe movement. Since the new fingers were installed, we have not had a run
in n-mode during which we could check their performance.
The third radial-probe assembly, which is intended to reside in one of the dees,
has now been fabricated and bench-tested. Installation is scheduled during the
major shutdown early in 1993.
4.1.6

Cyclotron Vacuum Systems
R.E. Milks and R.R. Tremblay

Installation of the new cryostat-vacuum controller has been deferred until after
installation of a portable electrical generator, which is now dedicated to the
maintenance of cryostat vacuum in the event of power failures, but cabling is in
place.
Also, new Penning and Pirani gauges have been ordered to replace the
hot-filament ion gauges, which have very short lifetimes in the high magnetic
fields near the cyclotron.
New Penning and Pirani gauges have also been ordered to replace the ion gauges
presently installed on the probe-vacuum system, with the aim of increasing the
reliability of operation of the system.
4.1.7

Cyclotron Openings
R.E. Milks and R.R. Tremblay

The lower pole of the cyclotron was lowered and raised a total of nine times
over the six-month period. Table 4.1.7.1 lists the dates and reasons for the
openings.
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TABLE 4.1.7.1
REASONS FOR LOWERING THE BOTTOM POLE

DATE

REASON

1992 July 18

Investigate high leakage current in the electrostatic
deflector.
The feed insulator was replaced and the
electrode/septum gap was set to 5 mm.

1992 July 21

Check for suspected water leaks. None were found.

1992 July 29

Determine the reason for sticky operation of the foilchanger chain. The problem was traced to the rotary vacuum
feedthrough on the foil-changer box, so the opening was
unnecessary.

1992 August 4

Fit probe #3 in lower dee #3-4. Mounting holes were
drilled and the probe was then removed for further
assembly.

1992 October 7

Repair the deflector. Another water-cooled electrode was
installed along with a new stainless-steel septum. The gap
was set to 5-1/4 mm.

1992 November 10

Correct poor midplane vacuum. A water leak was found in
the deflector feed insulator between the Teflon liner and
the alumina body. A new feed insulator was installed and
the deflector gap was set to 5 mm.

1992 December 7

Replace the r.f.-finger contacts around access holes for
radial probes #1 and #2. The deflector was disassembled
and cleaned at the same time.

1992 December 10

Remove and clean the deflector assembly after probe #2 gate
valve was accidentally opened and the midplane was let up
to air during a pumpdown.

1992 December 15

Repair the deflector and investigate beam loss at 425 mm.
A temperature diode was found dangling in the midplane.
The coaxial cable was cut off, capped and then tied back
into the dee. The deflector was removed and a new feed
insulator and septum installed along with a previously used
water-cooled electrode.
The rest of the deflector was
thoroughly cleaned and polished. The deflector gap was set
to 5.5 mm. The dee assemblies were vacuumed out and the
whole midplane was washed down with Freon and methanol.
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4.1.8

Trim Rods
R.E. Milks and R.R. Tremblay

Midplane-vacuum leaks had redeveloped after the installation of new polyethylene
O-ring housings on 40-mm rods in upper quadrants #1 and #4.
The rods were
removed from the pole, and stainless steel shafts were installed in place of
badly corroded mild-steel shafts.
Condensation from the cryopump gas-return
lines has caused severe corrosion of most of the original shafts. Stainlesssteel shafts have been ordered from the main shop of the Chalk River
Laboratories and all of the 40-mm shafts will be replaced early in 1993.

4.2

RADIO-FREQUENCY SYSTEM

4.2.1

Power-Amplifier System
P.J. Bunge and S.G. Whittle

A test stand for testing of the Eimac, model-4CW100000E, 100-kW tetrodes was
constructed. It contains a 20-volt, 250-amp filament supply, a 50-kV supply for
leakage testing of the high-voltage electrodes, a system of safety interlocks,
and provisions for air and water cooling. It provides for leakage testing of a
cold tube and for the operation of the filament.
The new tetrode procured after the failure of a tetrode last year was leakage
tested and the filament operated for several hours on the test stand. Before
the new tetrode is tested with plate current, a circuit to control smoothly the
screen supply voltage will be installed.
The reason for this is that the
existing screen supply overshoots when turned on, and a tube that is poorly
conditioned, such as a new tube, tends to spark in this situation. Previously,
a separate, variable 2-kV power supply with relatively small current capacity
was used to increase slowly the screen voltage of newly installed tubes. While
this has been successful, there is the potential for damage of the tube should
the screen voltage be pulled upward by a spark or other event. For this reason,
the new tetrode has not been tested with plate current and filament current, and
a solid-state three-phase line-voltage controller is being purchased for use
with the screen supply.
4.2.2

Bunchers and Phase-Control System
G.R. Mitchel, N.A. Towne, P.J. Bunge and S.G. Whittle

During the report period, the bunching and phase-control systems have continued
to perform reliably while significant upgrading has taken place.
New control-system "MIMIC" diagrams have been created to reflect changes in the
phase-control loop between the low-energy buncher (LEB) and a capacitive phase
pickup, as well as to incorporate the new energy control loop which modulates
the high-energy buncher (HEB) from a signal derived from beamline slits (PRTASCC-4: 4.2.3; AECL-10674). A feedback loop to control the beam position in
the "x" direction is under development.
It uses a set of slits between the
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Tandem and the HEB to control a steerer after the Tandem. This should further
improve the amplitude stability of the beam, which is injected through a series
of slits into the cyclotron.
The automatic-frequency-control (AFC) circuits for the LEB have been replaced
with new boards that are easier to adjust and service. A vector voltmeter is
now used as a mixer on the second-harmonic side (2f) AFC to eliminate
fundamental-frequency (If) interference, especially at the high powers typically
required for the lightest ions, such as 7 Li.
Development of remote switching
for the AFC is underway.
Cabling in the HEB AFC circuit has been changed to eliminate the need for manual
cable-length changes during retuning.
An r.f.-levelling phase shifter, which incorporates a complex phase modulator
built from linear-level modulators (SCC Note #96), was designed, breadboarded
and tested.
It is being developed for use in the phase-control system where
three sets of 10% band-width phase shifters for the LEB and HEB are swapped to
cover the frequency range of 31-62 MHz. The characteristics of the levelling
phase shifters are such that the swapping would not be required and a simpler
setup procedure will result.
A production version is under development by a
Waterloo University student on a cooperative-program work term.
New drawings have been generated
control system.
4.2.3

to reflect the current state of the phase-

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

We have described an array of Beam Pulse Detectors (BPD), #4, # 5 and #6, on the
extraction beam-line, which can be used to measure the absolute beam energy by
bunch time-of-flight (PR-TASCC-4: 4.2.4; AECL-10674). At the beginning of this
report period, the system was in an "operational prototype" state (i.e., with
manually controlled stepping motors and a conventional ADC/MCA combination) and
the first beam-energy measurements had been made.
We are now confident that we can measure time-of-flight to better than ±200 ps,
and that absolute energy measurements can be made to within AE/E a b s - 10" 3 .
Measurements have now been made on all five beams that have been developed to
section "2q" in the extraction beam-line.
Much of the recent work has focussed on automating the scans and improving the
readout system.
Software has been written for a CAMAC "auxiliary crate
controller" to supervise the BPD-wire scans (see section 4.2.4).
Existing
PC-based software and an ADC interface have been used, and a new "Windows"
application written to record the bunch shapes, calculate the time-of-flight,
and calculate the beam energy.
Energy measurements have been successfully
demonstrated on existing computer systems dedicated to other applications in
Nuclear Physics Branch. Permanent implementation of energy measurements in the
TASCC control room requires the installation of a PC-compatible computer and
commercial software.
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4.2.4

Auxiliary Crate-Controller Applications
G.R. Mitchel (TASCC Accelerators and Development Branch)
P.J. Sharp and G.A. Tapp (Nuclear Physics Branch)

Several new "intelligent auxiliary controllers" (AUX) have now been built and
are being used in new applications.
The high-voltage conditioning and watchdog program for the deflector test stand
is now in operation for use in basic electrode-configuration and materials
tests.
In spite of the use of optical links between the CAMAC crate and the
high-voltage power supply, sparks in the test stand have led to data corruption
in the CAMAC memory module used to store program-cycling messages and output
data. A less volatile CAMAC memory module, intended to be less sensitive to the
effects of spark transients, is under development.
This should also have
application in the section of beam-line between the injectors and the Tandem
accelerator, where transients from high-voltage sparks often cause upsets in a
CAMAC-memory module.
The Beam-Pulse Detectors (BPD) (see section 4.2.3) measure bunch shapes by
collecting secondary electrons emitted from a wire placed in the beam. The wire
must be moved after a few minutes to prevent damage by beam heating. This is
presently done by an operator in the control room, through use of the main
computer to set the position of the wire. Software has been written for a new
AUX-controller application to supervise the insertion and removal of the wires
and to control scans across the extracted beam for absolute energy measurements
with the new series of BPD's. It has been tested with a single stepping-motor
controller for BPD #2 on the injection beam-line; its deployment on the
extraction beam-line awaits the availability of three stepping-motor controllers
for BPD #4, #5 and #6.

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. Most of the beams listed in the table have been chosen based on
requirements for physics experiments and the remainder are part of a continuing
program to test the practical operating limits of the cyclotron.
Note that both of the high-energy carbon beams are above the design limit for
vertical focusing, 50 MeV/u, and that 18 MeV/u carbon is below the design limit
for the main magnetic field, -2.5 T.
One unsuccessful attempt was made to
accelerate carbon to 52.5 MeV/u, and further trim-rod work might yet provide a
solution. The low-field beam can probably be extracted if the deflector gap is
increased from its nominal value, but extraction efficiency will be reduced.
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TABLE 4.3.1.1
BEANS FOR VHICH CYCLOTRON PARAMETERS HAVE BEEN CALCULATED

BEAN

7

Li 301-2

qt/q0
(MeV/u)

FIELD
(T)

R.F.
MODE

HARMONIC

1/3

2.85

7t

2

12

C 18

2/5

2.27

0

4

12

C 23 1

2/5

2.57

7t

2

12

C 52.5

2/6

3.25

7t

2

17

C 55

2/6

3.33

It

2

14N 3 0 1 ' 2

2/6

2.85

7t

2

18

0 36.51

3/8

3.04

71

2

18

0 38 1

3/8

3.10

7t

2

28

Si 301'2

4/12

2.85

7t

2

81

B r 18 1

8/22

3.47

0

4

8/27

4.86

0

4
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1) Beam has been developed
2) Equivalent beam
4.3.2

Equivalent Beams
E.H. Lindqvist

An equivalent or substitute beam is a beam with the same charge-to-mass ratio
and the same stripping ratio in the cyclotron as another beam. All the beamline and cyclotron parameters are the same; the injection energy (and hence the
Tandem voltage), the low energy buncher voltages and the main magnetic field
only change by a very small amount. For the 55 beams that had been developed at
the time of the study, approximately 300 equivalent beams were assessed for
practicability.
Out of these, 62 beams have been suggested for further
consideration. An equivalent beam can be used to tune the cyclotron when the
isotope of interest is not available or expensive, or when very fast beam
switchovers are required, since new, equivalent beams have been extracted within
minutes of injection.
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4.3.3

Semi-Automatlc Centering Program Using Two Probes
E.H. Lindqvist

The cyclotron is equipped with two radial probes 90° apart. To investigate the
degree of beam decentering, the difference between the radial interception of
the beam by each probe is studied, and should be one quarter of a turn
separation if the beam is centered.
However, even if the difference is one
quarter of a turn separation, the beam can be decentered if the beam center is
lying on the diagonal between the two probes. To center a beam at a specific
radius, a first harmonic is introduced in the trim rod positioned at that
radius. The difficulty is to determine the angle and amplitude of that first
harmonic.
An interactive centering program has been written and is available on a computer
in the control room.
It calculates the position of the beam center (i.e.,
displacement and angle) along with the necessary first harmonic to add to the
already existing first harmonic, and the resulting first harmonic. In the case
where the difference is one quarter of a turn separation, the turn separation
itself, in combination with the radial betatron frequency, is used to calculate
the position of the beam center. The program makes use of precalculated data
from a second program that simulates the motion of the beam center in a
simplified cyclotron.
The centering program has been indirectly tested with real data and appears to
be working quite well.
Further testing is planned, to assess the need for
refinements.
It is hoped that the program will speed up the centering procedure, make
centering possible for less experienced operators and eliminate most of the very
time-consuming trial-and-error that has been required in the past.
4.3.4

Progress on the R.F.-Field Model for the TASCC Superconducting
Cyclotron
G.D. Pusch (TASCC Accelerators and Development Branch)
W.G. Davies (Nuclear Physics Branch)

The theory for the "current-patch" model of the r.f. fields in the
superconducting cyclotron has been completed (PR-TASCC-4: 4.3.4; AECL-10674).
The linearly varying current density discussed in the previous report (ibid.)
had three parameters per surface-current patch, which could be uniquely
determined by the total current crossing each edge, with the normal component
continuous between patches.
This form also satisfies global charge
conservation, with a constant charge density on each patch. However, the most
general linearly varying current density requires six parameters, the three
alluded to above plus a constant-curl term and two "harmonic" terms.
In
principle, the curl term is necessary in our case; whether the "harmonic" terms
are necessary is not known at present and depends on what approximations we must
make in representing the r.f. fields in the cavity. (At present, there is very
little known in detail about the cavity fields (ibid.).)
The multipole expansion of the six-parameter linearly varying triangular current
patches has been derived with the help of Debye potentials; the expansion
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follows closely the work, of Bouwkamp and Casimir (Physica 20 (1954) 539). Debye
potentials, which are a special case of Hertz potentials (PR-TASCC-1: 4.3.9;
AECL-10337), provide a convenient vehicle for relating the currents to the
multipole coefficients.
Here, we will work in the radiation gauge where the
electric field E = -9A/3t; A is the magnetic vector potential, which is what is
needed for DACYC.
The radiation gauge fixes A uniquely, eliminating gauge
ambiguities.
The multipole expansion converges rapidly outside a sphere
circumscribing each patch.
Near the patch, the multipole expansion fails; there are at least two solutions
to this problem.
The first is to subdivide the current patch such that the
evaluation point is outside the radius of convergence of the sub-patch; the
second is to expand about a displaced center of the large patch, where the
displacement is such that the evaluation point is outside the sphere of
convergence of the displaced expansion.
Recursive subdivision promises high
computational efficiency, but is logically complicated.
Calculation of the
displaced expansion is straightforward, but requires many more terms than the
original expansion.
The determination of which approach is best will require
more analysis. At present, it is envisioned that we would use 10 to 15 patches
per dee and hill surface; thus, the r.f. multipole representation should require
about the same computation time as the trim-rod model.
4.3.5

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

Modifications have been made to SUPERGOBLIN
data for centering calculations.

to provide more convenient probe

Code is being developed to model the effects on the beam of vertical electric
fields in the vicinity of the r.f. shield for the foil changer in one of the
dees. Later, the code may be extended to include the vertical electric fields
measured at the dee gaps.

4.4

CRYOGENIC SYSTEM

4.4.1

Scheduled Maintenance
R.E. Milks and R.R. Tremblay

Regular maintenance was completed on both engines #5 and #7 at 350-hour and
5000-hour intervals. In addition, the jack shaft and bearings were replaced on
engine #7.
During the period when a strike by the operators' union appeared imminent, it
was decided to train the Shift Supervisors on the operation of the cryogenic
system. Four of the six candidates have begun their training.
In November, there was a prolonged power failure, which lasted for about five
hours. The level of liquid helium in the cryostat fell as expected, until it
got to a level below the midplane. At that time, according to the strip chart,
there was a sudden loss of cryostat vacuum and the remaining liquid in the
cryostat boiled off at an enormous rate. The gas-bulb thermometer on cryostat
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tower #3 rose from 4.5° to 104° kelvin in just a few hours. When electrical
power was restored, it was necessary to connect a large mechanical vacuum pump
to the cryostat and pump for several hours, so that the cryostat vacuum system
could be returned to normal service.
It was concluded that after years of cryopumping by the cold surfaces of the
helium can and the radiation shield, the surfaces warmed up to a temperature
that caused a sudden release of trapped gases and, therefore, the loss of the
cryostat vacuum.
A 5-kilowatt portable electrical generator was purchased and will be dedicated
to supplying power to the cryostat vacuum system, to prevent a similar
uncontrolled excursion from happening again.
After the cryostat was refilled with liquid, it was decided to check the radial
bracing of the helium can to determine whether there had been any movement of
the magnet coils.
The measurements showed very little change from previous
readings, so it was concluded that no damage had occurred. This was verified
shortly afterward by the extraction of an ion beam at conditions similar to
those in effect just before the power failure.
It is intended that whenever the opportunity occurs, we will allow the cryostat
level to drop to zero and shut off the radiation-shield flow, to pump on the
cryostat-vacuum chamber and limit any buildup of frozen gases in the system. To
date, this has been done twice and each time the vacuum has improved.
During this period, there have been five other power failures lasting up to 45
minutes. Some helium is normally lost during each power outage, and the upset
that inevitably occurs in the helium system normally lasts up to 24 hours.
A committee of nine experts in the cryogenic process, computer control, process
control and electronics has been organized within the TASCC facility to automate
control of the cryogenic system.
Logic diagrams for all the subsystems have
been produced and parts such as pressure transducers, flow meters, etc., have
been ordered to monitor all of the required system parameters. The committee
has decided on a VAX workstation, which can be tied into the planned main
computer-control system, as the main cryogenic controller. It has been decided
that the first phase will consist of monitoring the system and that control of
certain subsystems will be undertaken once reliable monitoring has been proven.
4.4.2

Helium Compressors
R.E. Milks and R.R. Tremblay

All four reciprocating compressors failed during this period, at different
times.
The #2 compressor suffered a fractured crank shaft and, because of
extensive internal damage, it cannot be repaired. The #4 compressor was taken
out of service with a leaking vibration eliminator.
New parts have been
installed and we are presently waiting for the compressor to be pumped down and
then restarted. Compressors #1 and #3 have been repaired and are presently back
in service. We have not had any problems with the two screw compressors.
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4.5

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

4.5.1

Laboratory Operation

The control system continued to serve the TASCC complex with extremely high
reliability and availability. The main control system continues to run from the
single PDP-11/84 computer and caused no beam outages during the period.
The
control system is normally available even over scheduled maintenance periods,
and a rare outage for part of one eight-hour maintenance day, for the purpose of
tests on another computer, caused a significant perturbation in the "normal"
activities of some TASCC personnel.
Operation of the two injector dipoles and the Y-magnet in the Tandem injection
line by local controllers equipped with precision Hall-probe "Teslameters"
continues to be slightly unreliable. The only significant control-related beam
outage of the period resulted from a very peculiar hang-up of the Y-magnet Hall
probe and controller.
At the end of a four-hour search, the Hall-probe
instrument was found in a state which reports a constant magnetic-field reading
that has no relation to the real field at the probe. This state had been seen
previously only in the two injectors, and is not acknowledged by the
manufacturer of the Hall-probe instruments. The hang-up of the Hall probe was
compounded by the fact that the local control program, which resides in an
"Intelligent Auxiliary Controller" in a CAMAC crate, was also in a stable
condition in which the magnetic field was actually stationary at the value that
selected the wrong isotope of bromine. The urgency of restoring the lost beam
precluded an analysis of the details of the controller's state, but it is
clearly most unlikely to recur.
The fault was likely caused by electrical
transients from a Tandem spark, which occurred just prior to beam loss.
In
December, a suggestion to utilize less volatile memory chips (see section 4.2.4)
for the communication between the main control system and the magnet controllers
was being pursued.
An upgrade of the "mimic-diagram" software (PR-TASCC-4: 4.5.1; AECL-10674) to a
usable condition was completed. Truly user-unfriendly features of the software
were corrected and the remaining problems are documented in "TASCC MIMIC Diagram
Creation User's Guide", TASCC Report TASCC-1-04-008 (in preparation).
Approximately thirty new mimic diagrams were created for r.f. systems, cyclotron
trim-rods, cyclotron temperatures, injector parameters and the beam-line vacuum
system, and the ones relating to the cyclotron are in routine use. The new
mimic diagrams for the injectors have not been well accepted, because it is more
difficult to add readbacks to a mimic diagram. As a result, the improved update
rate of the mimic-diagram software is not taken advantage of at all times.
The widespread use of mimic diagrams has revealed that the software that handles
CAMAC transfers on the PDP-11 is not properly interlocked to prevent highpriority programs from interrupting CAMAC messages that are initiated by lowerpriority programs. The result of this fault is that the control desk hangs up
more frequently than it did before mimic diagrams came into heavier use. The
frequency of hangups has been as high as five per day during cyclotron
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development, when many mimic diagrams and control knobs are running at once.
Since correction of the CAMAC software is a major undertaking, requiring a
complete rebuild of all control software after the fault is found and fixed, the
cost-effectiveness of this undertaking is not clear.
While we assess our
options in this situation, an easy-to-use command file has been provided so that
operators can quickly restore normal control-desk operation after a hangup.
4.5.2

Software Upgrades to the PDP-11 Control System

Our intention is to keep development of the existing control system to a
minimum, to concentrate our limited manpower on the installation of a new
control computer.
Nevertheless, additional control of accelerator mass
spectroscopy, upgrades to the radio-frequency subsystem of the cyclotron and the
addition of some beam-line diagnostics have required the addition or significant
modification of approximately 200 system variables in the PDP-11 database.
Automation of accelerator mass spectrometry (AMS) was extensively upgraded to
reduce the setup time by improving the efficiency of setup procedures, and to
reduce the cycle time between measurements. The first of these two improvements
was achieved by the introduction of sets of "alias" control parameters for the
injectors, low-energy beam-line and the low-energy steerers in the Tandem for
each of the three masses of chlorine that are being measured by AMS. Tuning of
the injectors and Tandem is done for mass 35 and mass 37 using the alias
controls available on the control-desk touch panels for each mass. Some of the
tuning for mass 36 is done in the same way, but many of the controls for mass 36
are set by the control program by calculation of the average of the values for
mass 35 and mass 37. These measures have totally removed the requirements for
the operators to record control settings for the different masses, calculate
mass-36 values by hand and then input the values into the program. Normally,
the settings are not disturbed between AMS runs, so an archive of injection and
Tandem settings is readily available.
The second improvement to the AMS process reduced the unproductive time between
measurement cycles to approximately 20% by converting the mass selection from
magnetic devices to electrostatic devices. The two low-energy dipoles are left
at the settings for mass 36 and the control program sets the injection to each
of the three masses in turn by changing electrostatic devices, which come to
their new values much more rapidly than the magnets. This process makes more
efficient use of short-lived AMS samples and provides better statistics for the
assessment of instabilities.
The measurement of TASCC-beam emittances was upgraded and expanded to utilize a
second emittance device.
The upgrade speeds up the auto-ranging algorithm
employed in the emittance program to select the set of integrating capacitors
that best matches the beam current, and was undertaken at the same time as a
minor correction in the same area of the program.
The source code for the
emittance program was slightly modified to produce two versions of executable
code: one for the original emittance hardware and a second for the new hardware
that has been installed downstream from the cyclotron. Late in 1992, the first
measurement of the emittance of a beam produced by the superconducting cyclotron
was made.
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4.5.3

Hardware Development

A precision readback of cone position was designed, constructed and installed on
the AMS ion source in conjunction with the continuing search for an explanation
for mass-related anomalies in the beam from the injector. The readback permits
the position of a cone to be reproduced to a precision of approximately 0.025 mm
and has been in use routinely following the initial verification of its
function.
Following the adoption of the new position sensor, hardware was
installed in the A injector to control a stepping motor that has been connected
to the AMS cone wheel through a precision reducing gear.
These two
installations have provided AMS physicists and TASCC operators with a convenient
and well-understood means of controlling the AMS cone, with essentially zero
probability of electrical interference.
The electronic modules for upgrading of eight of the twenty-four trim-rod motors
have been installed in their serviced cabinets and cables have been put in place
in preparation for the installation of connectors at the cyclotron.
This
project was deferred pending the completion of a major upgrade to the cyclotron,
which is scheduled for 1993 January.
Once connectors are installed, the
electronics can be tested and the substitution of the new stepping motors can
begin with little effect on normal operation of the cyclotron.
A highlight in the campaign to provide automated fault diagnosis and bypassing
of inoperative parts of the CAMAC highway was achieved in September. A program
was developed in the control-system interpretive-programming language that
located an artificially introduced fault and reconfigured the bypass hardware so
as to retain access to the operative parts of the highway. Tuning of the search
algorithm and rewriting of the program in FORTRAN or C will be carried out as
permitted by the busy operating schedule of TASCC.
4.5.4

Control-System Replacement

The two largest components of the conversion of the PDP-11 control system to
"Vsystem"1 were undertaken during the period, with outstanding success.
Approximately 3300 of 3500 entries in the database of "system variables" on the
PDP-11 computer were converted by a series of seven related programs to
approximately 10 000 "channels" within Vsystem. Each of the conversion programs
dealt with a particular subset of the system variables. The largest class of
channels» simple analogue readbacks, was converted on a one-for-one basis.
Status channels were converted on the basis of as many as sixteen channels in
Vsystem, one for each status bit, for each system variable on the PDP-11.
Control channels for the 104 quadrupole magnets in TASCC utilized either five or
six system variables on the PDP-11, but could be represented by single channels
in Vsystem with the help of a new "handler" routine.
An efficient means of
handling coupled channels was also devised, and handlers were written in
Vsystem, so most of the control and readback channels that operate on two or
more simple channels have also been converted to Vsystem.
Approximately one
hundred channels did not fall into any of the larger classes, and they will be
converted and tested one at a time. Another one hundred channels were found to
be obsolete and will be removed from service.

1. Trademark of VISTA Control Systems Inc., Los Alamos.
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The conversion process passed its first and most important hurdle in November,
when most of the twenty beam-line steerers were operated through their new
channel names during the first live test of Vsystem on the main CAMAC highway.
The second major component of the conversion to Vsystem
is the creation of a
series of live displays that represent sections of the TASCC beam-line and other
subsystems of TASCC.
Decisions were made on the appearance and operation of
these operator interfaces, in consultation with Operations personnel, and an
efficient means of creating beam-line displays from a common set of component
parts has been developed.
Displays that represent approximately 10% of the
TASCC beam-line have been created, with the extra benefit that some shortcomings
in the existing documentation of the beam-line have been discovered.

4.6

NEGATIVE-ION INJECTORS

4.6.1

Operation and Development
J.W. McKay and Y. Imahori

During the reporting period, a wide variety of beams were produced and are
listed in Table 4.7.1.1.
Chlorine, magnesium, bromine and oxygen beams
accounted for more than 60% of the scheduled beam time. Chlorine (including AMS
beams) was the most demanded element and was scheduled for 37 days in the
period.
The increased use of rare-isotope beams continued in this period with beams of
3
He, 6 L i , 1 8 0 , 2 5 Mg, 2 6 Mg, 3 0 Si and 7 6 Ge all being produced during the last six
months.
4.6.2

Ion-Source Test Stand
Y. Imahori

Since its construction, the ion-source test stand has been operated with service
water. At the beginning of the report period, a new system for de-ionized water
for ion-source cooling was installed.
Several significant developments were
carried out on the test stand during the period.
In an attempt to increase the available current of protons, one of the model-860
ion sources was modified by the installation of a SPECTROMAT Q829 spherical
ionizer.
However, the beam produced from commercially available titanium
hydride or a gas target was not larger than that produced with our standard
formula. In an experiment aimed at increasing the yield, a titanium-metal slug
was treated in hydrogen atmosphere at elevated temperature to produce titanium
hydride. This cathode material produced 25 M of proton beam, and over 45 M
when a small amount of hydrogen gas was added. In the injector, the combination
of spherical ionizer and titanium hydride produced an accelerated but unanalyzed
beam of 17 (ik of 20 Mev protons, which is comparable to the best analyzed beam
of protons from a conventional 860 source and cone.
At the end of the period, conical ionizers were purchased from NEC to evaluate
the possibility of higher intensity production of protons and other beams, and
will be tested in the test stand early in 1993.
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A.6.3

AMS Source Development
Y. Imahori

The epoxy-glued cathode insulator on the "McMaster-AMS" ion source was replaced
by a new lexan insulator that utilizes an 0-ring seal. In addition, the conewheel drive went through a few stages of modification before an absolute shaftencoder coupled with a stepping motor was installed (see section 4.5.3) to
provide the desired accuracy and reproducibility of cone positioning.
AMS samples mixed with gold or silver powder were tested at the test stand to
investigate their lifetime and output of chlorine-35. Samples containing less
than 5 mg of chlorine produced more than 10 /zA of beam for one hour, with or
without the inclusion of silver or gold powder.
Further tests are planned
during a production run.

4.7

TAHDEH ACCELERATOR

4.7.1

Operation
J.W. McKay

Major maintenance was scheduled for the Tandem in July and December, the only
scheduled maintenance periods in 1992. These two periods were the main reason
for a drop in beam availability to 65% for the period. Beam availability for
the whole of 1992 was 70.8%. Beams accelerated through the Tandem are listed in
Table 4.7.1.1.
4.7.2

Generator
J.W. McKay

A major Tandem opening was scheduled for the first week, of July. In addition to
normal servicing, revisions were made to the equipotential-hoop structure near
the terminal. Photographs of sparks had indicated that the weakest points on
the column were the downward-facing hoop joints near the terminal. These hoops
were turned so that the joint faced upward, and the spacing between hoops was
reduced to make a smoother electrostatic surface. It was found that the hoops
had become badly distorted over the years, and the spacing and rigidity of the
hoops in the modified installation was not good. New hoop saddles were designed
and built to correct the problem, and will be installed during a scheduled
shutdown early in 1993.
At the end of August, one of the high-energy-end charging chains broke.
Surprisingly little damage was done to the column components by the pieces of
broken chain, and the Tandem was restored to operation in a few days, with an
old chain in place of the damaged one. Two new chains have been purchased.
Increased scheduling of cyclotron and AMS runs, both requiring use of stripper
gas, has placed more demand on the three terminal sublimation pumps. Careful
operation at slightly reduced power has extended the useful lifetime of each
pump to as much as 1000 hours, and this avoided an additional tank opening.
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TABLE 4.7.1.1
BEAMS ACCELERATED BY THE HP TANDEM
1992 JULY 1 TO DECEMBER 31

MAX CURRENT
AT CUP l.Ad
(nA)

ISOTOPE

Protons
Helium-3
Helium-4
Lithium-6
Lithium-7
Carbon-12
Oxygen-16
Oxygen-18
Fluorine-19
Magnesium-24
Silicon-28
Silicon-30
Chlorine-35
Chlorine-37
Calcium-40
Germanium-76
Bromine-79
Bromine-81
Iodine-127
Gdld-197

10 000
1 400
1 700
540
840
3 200
5 500
2 500
100
520
2 700
260
33
6 200
220
4 000
4 000
4 000
4 000
1 400

MAX BEAM
ENERGY
(MeV)
25
37.7
20
12.9
19.7
40.3
25.1
115
85
140
51.6
140
140
187
155
20
200
121.5
250
55

CHARGE
STATE

1+
2+
2+
1+
1+
2+
2+
7+/8+
6+
8+/10+
4+
8+/10+
10+
10+/13+
11+
4+
11+/16+
8+
11+/20+
7+

MAX ANALYZED
CURRENT
(nA)
I
6 000
760
1 300
100
220
3 200
1 500
1 200
60
200
1 050
40
22
4 800
170
800
670
1 000
1 000
105

Note: Small quantities of 3 6 Cl were also accelerated to 100 MeV in the
Accelerator Mass Spectrometry Program.

The Tandem was conditioned up to 14.8 MV in October, but the highest run with
beam was at 14.67 MV.
Scheduled beams required just seven days of operation
above 14 MV in the last six months.
4.7.3

Sulphur Hexafluoride (SFfi) Gas System
J.W. McKay

Twenty cylinders of SF6 were added to the gas system in November, the only gas
addition during 1992. This is a definite improvement over the average loss of
58 cylinders per year over the last few years.
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4.8

BEAM TRANSPORT SYSTEM

4.8.1

Magnets
B.F. Greiner (TASCC Accelerators and Development Branch)
B.V. Luloff (Nuclear Physics Branch)

The beam-transport magnets caused more than their usual share of beam outages
during this period, but their overall availability vas still greater than 99% of
the scheduled time.
This proud performance is directly attributable to the
regular, thorough maintenance program that has been carried out on the magnet
power supplies since their installation.
The routine replacement of fans and water-flow sensors continued during this
period.
In addition, two NMR-probe pre-amplifiers and one regulation module
from a steerer supply failed and were replaced.
Two new problems came to light during the period.
The first may have
contributed to beam instability for a few weeks, but was easily repaired once it
was noticed. While the tightness of clamping bolts on high-current electrical
connections is routinely checked, one junction in a 600-ampere circuit became
loose enough to oxidize severely the nickel-plated copper components of the
junction, and the components had to be replaced to restore a good connection.
The second problem caused a beam outage of several hours, the only significant
outage of the period caused by a magnet malfunction.
A very small leak in a
cooling-water tube, which was brazed to a diode heat-sink in one of the
original, 10-year old, 200-ampere dipole supplies, caused the supply to trip
off.
Initial temporary repairs to the leaking tube were unsuccessful, which
contributed to the lengthy outage.
Spares for the four types of heat-sinks
installed in the large TASCC power supplies have been ordered, but the
implication that all of the copper tubing in TASCC is probably thinning to an
unacceptable degree caused a search for an explanation.
The presence of
dissolved oxygen in the very low conductivity water was implicated as the agent
responsible for thinning of the cooling tubes, and possible corrective remedies
are being sought.
4.8.2

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

The beam-line vacuum system has performed well, requiring only minor servicing
at a cost of approximately one man-day per week. We are continuing an upgrading
program to harden the electronics against noise, and to remove the requirement
that the CAMAC power be on for normal operation of the vacuum controllers.
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4.8.3

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

The Danfysik beam-emittance device #2 located on the extraction line of the
cyclotron has been fully commissioned.
Commissioning problems with the
mechanical "park" position and an incompatibility of the integrator chassis with
the CAMAC-based ADC have been corrected.

4.9

BUILDING SERVICES

4.9.1

De-ionized Water System
L.V. Thomson

Two unscheduled shutdowns occurred during the period.
In July, an overtemperature alarm tripped the system because the summer-mode chiller was not
operating.
The unit had been manually shut down because unusually cold river
water prevented its normal operation. The other unscheduled shutdown occurred
when a weld on a pump-header flange started leaking water. This failure was
caused by suspected excessive vibration originating in the water pumps.
Subsequent to a measurement of vibration levels in the area, bearings on two
pumps were replaced and shaft alignments performed.
Follow-up measurements
indicated that vibration amplitudes were substantially lowered. Pressure relief
valves were installed on the shell of both large heat exchangers, in compliance
with CRL safety standards.
4.9.2

Computerized Maintenance Management System
G.D. Reynolds

The possibility of using commercially-available software to organize and
expedite routine maintenance in the TASCC facility is being investigated.
In
addition to the option of utilizing the HAPCON software, which has been selected
for use by Chalk River Laboratories maintenance personnel, four candidates out
of approximately 20 have survived the initial review process, and demonstration
packages, including detailed documentation, have been procured and tested. All
of these products are priced at approximately $3,000 and can be used with PCcompatible or Macintosh computers.
One system, known as IGOR, from Kakari Systems Ltd., seems to be more suited to
TASCC maintenance activities than the others, because it is task oriented rather
than work-order oriented. This allows a more intelligent issuing of tasks. For
example, a single work order could be issued for shutdown work by trade,
priority, spare parts required, etc., as opposed to issuing many work orders for
the same work. The final choice will be made early in 1993.
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4.9.3

Other Services
J.W. McKay

Five power outages occurred in the period July 1 to December 31. In November,
the power went off for five hours, the longest outage in recent memory. This
had severe consequences for the cryogenic system (see section 4.4.1) and has
resulted in a reconsideration of precautions that must be taken to protect the
cryostat vacuum system.
4.10

SAFETY AND LICENSING

4.10.1

Revision of Report AECL-MISC-263
W.T. Diamond

The Tandem Accelerator Superconducting Cyclotron (TASCC) Facility Safety Report
(AECL Report AECL-MISC-263) is the primary safety document covering the
operation of the TASCC facility. The previous revision (Rev. 1) was prepared in
1989 for the AECL Accelerator Safety Committee as part of the approval process
for operation of the new TASCC Facility. A major revision of this document,
reflecting experience gained during the commissioning of the cyclotron and
operation of the new beam-line, has been prepared and is going through the
approval process.
4.10.2

Change-Control System
G.D. Reynolds

A Change-Control System, allowing all changes to equipment and software relating
to the operation of the TASCC facility to be documented and controlled, will be
ready for use early in 1993. TASCC Change Forms (TCP) will collect a history of
equipment maintenance and provide equipment change approvals, with the
opportunity for an assessment of conflicts and unfavourable impact on personnel
safety.
Eventually, the history collected will be added to a proposed
computerized maintenance-management system. The master binder containing all
in-process and completed TCF's will be located in the main control room.
4.11

REPORTS
L.W. Thomson

Nineteen SCC Notes (Varies II) have been written and distributed. Two new TASCC
Instructions have been released during the period. Monthly issues of the TASCC
Newsletter continue to be written, with a current mailing list of about 150
recipients, 100 of whom are off-site.
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