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1.1 GENERAL

Not available.

1.2 RESEARCH

The decay of ^Si has been studied with the He-jet system. The P-y coincidence spectroscopy was
sufficiently interesting to warrant a longer experiment. A precise measurement of the branching ratios
for 3-decay from the ground state of 37K to excited states in 37Ar has been made. The results are
needed to interpret P-decay asymmetry measurements performed at other laboratories, since a reduced
uncertainty in the ft-value for the superallowed branch is required. The P-decay of 42Ti has been
studied with the He-jet system. The 0+—»0" P-decay may provide new information on the possible
enhancement of the axial-charge operator in the mass 40 region. The chapter "Currents and Their
Couplings In The Weak Sector of the Standard Model" by IS. Towner and J.C. Hardy has been
delivered to the publishers. This will appear in a book entitled "The Nucleus as a Laboratory For
Studying Symmetries and Fundamental Interactions" edited by W. Haxton.

The effects of Coulomb and charge-dependent nuclear forces have been recalculated by Ormand and
Brown. Their new results averaged with the calculation of Towner et al. have been applied to
reanalyze the ft-values of superallowed P-decays. The average has changed from 3073.1 ±3.05 to
3072.3 ± 2.05, which has not changed the physics. Cross-sections for the interactions of putative
neutralinos with mica have been calculated. These candidates for galactic dark matter may be
detectable in ancient mica. To facilitate shell-model calculations in the pf-shell, fractional parentage
coefficients in a j = 7/2 shell have been computed for the first time. Other calculations indicate that
heavy-ion change-exchange reaction with TASCC beams could play an important role in the study of
halo nuclei.

New experiments to check contaminants in the pionic fusion experiment have been analyzed. The yield
of 24Mg in the region of allowed velocities following the reaction 12C(12C, 7t°)24Mg near absolute
threshold is significantly above background. The mean of the thin-target cross-section measurements is
178 ± 63 pb.

The spectroscopy of ^Cr has been extended to spin 16, the highest possible in the isolated f7/2 shell.
Although some of the properties are well reproduced by recent fp-shell calculations, a sharp reduction
in E2-transition rates at the backbend is not. The upgraded ALF-miniball has been used with the 8TI
spectrometer to study high-spin states in the A ~60 region. A strongly coupled band was discovered in
MZn which reaches up to 16 MeV excitation energy, and to at least spin 20. This band appears to
exhibit termination properties analogous to those seen in the A ~110 region, but one major shell lower.

A long experiment to measure Doppler shifts for terminating and near-terminating states in 109Sb and
108Sn was performed. A new superdeformed band was discovered in 130Ce. This nucleus lies very near
the boundary for the occupation of neutron intruder orbitals. An experiment at GASP (Italy) to search
for hyperdeformation in 146>147Gd is reported. A paper on the deformation of superdeformed bands in
148>149Gd measured at EUROGAM II (Strasbourg) has been submitted to Physical Review Letters.
Large differences in the quadrupole moments of the excited superdeformed bands were reported, and it
was shown that these correlate with the intruder and/or extruder content.
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Theoretical work with the cranked-RPA model has shown that many of the excited superdeformed
bands in the Hg region may have an octupole-vibrational nature rather than a simple two-quasiparticle
structure as thought previously. The nucleus 152Sm has been studied in Coulomb Excitations with an
1130 MeV ^ f̂ei beam. New rotational bands were observed and some previously known bands were
extended to higher spin. The nucleus ^^Th has been Coulomb excited with a 1330 MeV 209Bi beam.
Known bands were extended to higher spin and several new bands were observed, including a band
built on the double-y-vibrational phonon, and a band built on the K=l octupole phonon. The
properties of the vibrational bands exhibit both similarities and sharp contrasts in comparison with
neighbouring 238U.

A 9-nanogram quantity of radioactive 163Ho has been produced as a source for a new neutrino mass
measurement with cryogenic micro-calorimetry.

An experiment to study resonant coherent excitation of hydrogen-like ^Si ions channeled in thin Si
crystals has been completed. For the first time, An=2 and 3 resonances were observed. Also, by
experimentally selecting either well- or poorly-channeled ions, it was possible to investigate the effect
of the electric field from the atomic string on the coherently excited ions. Poorly channeled ions, which
experience a greater field strength, show Stark splitting of the An=l resonance.

The effects of radiation damage attributable to electronic-stopping processes in Ti and Zr foils has been
investigated with 14A MeV 197Au beams. The large solid angle position-sensitive ionization detector
has been used for elastic recoil detector (ERD) with a 230 MeV 2 ^ i beam. Exceptional resolution of
elements from H to Fe in the near-surface region of many different samples (ranging from dinosaur-
bones to zirconium alloys) was obtained. An experiment to investigate the effects of implantation
depth and hyperstoichrometry on gas release from UCb and Simfuel was completed. An eight-day
"showcase" run was held to demonstrate TASCC beams for single-event-upset experiments.
Representatives of a number of Canadian and US companies and government organizations brought
integrated circuits for testing.

A rigorous derivation of the constrained least squares problem has been made, which uses the method
of Lagrange multipliers. The covariance and flow-of-information matrices are also derived.

1.3 INSTRUMENTATION AND FACILITY DEVELOPMENT

Not available.
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1.4 ACCELERATORS

Both the Tandem and the cyclotron ran well over the operating period. Operating statistics are listed in
Table 1.4.1. The availability of Tandem-only beams remained steady while the availability of cyclotron
beams increased considerably. Cyclotron beams now constitute 34% of our beam available time.
Facility unplanned downtime was reduced to 6.6%.

Demand for high voltage running on the Tandem was up again. The machine ran at voltages greater
than 14.5 MV on 27 days during the period compared to 11 days in the previous period. There were
two scheduled tank openings and one brief unscheduled opening.

During eight of the nine experiments scheduled in the reporting period, unscheduled downtime was
minimal. Problems with the cyclotron magnet power supply plagued an 8TC run in May, however the
problems were circumvented and with the aid of some creative re-scheduling, the experiments were
completed. There were no deflector failures or other need to lower the pole during any of the
scheduled experiments.

In January, four cyclotron beams were run in an eight-day period for a Single Event Effects study,
establishing the possibility of rapid beam changes with the cyclotron.

TABLE 1.4.1

FACILITY STATISTICS -1995 JANUARY 1 TO JULY 2

Use

Beam
Available

Beam Preparation

Beam Development

Planned Shutdown

Unplanned
Shutdown

TOTAL

Tandem

Hours %

3156.5

532.0

96.5

466.0

141.0

4392.0

71.9

12.1

2.2

10.6

3.2

100.0

Cyclotron

Hours %

859.5

327.0

353.0

2711.0

141.5

4392.0

19.6

7.5

8.0

61.7

3.2

99.9

Facility

Hours %

2551.0

686.0

400.5

466.5

288.0

4392.0

58.1

15.6

9.2

10.6

6.6

100.1
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1.5 PUBLICATIONS. REPORTS. LECTURES AND CONFERENCE
CONTRIBUTIONS (NUCLEAR PHYSICS BRANCH)

Publications

STATISTICAL DECAY OF HIGHLY EXCITED NUCLEAR SYSTEMS
D. Horn, G.C. Ball, D.R Bowman, A Galindo-Uribarri, E. Hagberg, R.B. Walker, R Laforest and
J. Pouliot
Proceedings of the Workshop of Heavy-Ion Fusion, Padua, Italy, 1994 May 25-27, "Heavy-Ion
Fusion: Exploring the Variety of Nuclear Properties", edited by AM. Stefanini, G. Nebbia, S. Lunardi,
G. Montagnoli and A Vitturi, World Scientific, (1994) p. 208

COMPOSITION OF POROUS SILICON
R Siegele, H.K. Haugen, D.J. Lockwood, B. Bryskiewicz, J.S. Forster and H.R Andrews
Proceedings of 22nd International Conference on the Physics of Semiconductors, Vol. 3, Vancouver,
Canada, 1994 August 15-19, Editor David J. Lockwood (World Scientific), 1995, p.2169

NUCLEAR DISASSEMBLY TIME SCALES USING SPACE-TIME CORRELATIONS
D. Durand, M. Aboufirassi, B. Bilwes, R Bougauk, R Brou, F. Cosmo, J. Colin, J. Galin, A Genoux-
Lubain, D. Guerreau, D. Horn, D. Jacquet, J.L. Laville, J.F. Lecolley, C. Le Brun, O. Lopez, M.
Louvel, M Mahi, C. Meslin, M. Morjean, A Peghaire, G. Rudolf, F. Scheibling, J.C. Steckmeyer, L.
Stuttge, B. Tamain and S. Tomasevic
Phys. Lett. B345 (1995) 397

THE 10C SUPERALLOWED BRANCHING RATIO AND CKM MATRIX UNITARTTY
G. Savard, A Galindo-Uribarri, E. Hagberg, J.C.Hardy, V.T.Koslowsky, DC.Radford and
IS. Towner
Phys. Rev. Lett. 74 (1995) 1521

ARE MULTJDFRAGMENT EMISSION PROBABILnTES REDUCIBLE TO AN ELEMENTARY
BINARY EMISSION PROBABILITY?
L.G. Moretto, L. Phair, K. Tso, K. Jing, G.J. Wozniak, RT. Souza, D.R Bowman, N. Carlin, C.K.
Gelbke, W.G. Gong, Y.D. Kim, M.A Lisa, W.G. Lynch, G.F. Peaslee, MB. Tsang andF. Zhu
Phys. Rev. Lett. 74 (1995) 1530

SMOOTH TERMINATION OF COLLECTIVE ROTATIONAL BANDS
I. Ragnarsson, V.P. Janzen, D.B. Fossan, N.C. Schmeing and R Wadsworth
Phys. Rev. Lett. 74 (1995) 3935.

STATISTICAL AND SEQUENTIAL BREAKUP OF ^ g IN PERIPHERAL REACTIONS AT
INTERMEDIATE ENERGIES
M. Samri, L. Beaulieu, B. Djerroud, D. Dore, P. Gendron, E. Jalbert, R Laforest, Y. Larochelle, J.
Pouliot, R Roy, C. St-Pierre, G.C. Ball, A Galindo-Uribarri, E. Hagberg and D. Horn
Nucl. Phys. A583 (1995) 427
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MULTIFRAGMENT EMISSION TIMES IN Xe INDUCED REACTIONS
A. Moroni, DR. Bowman, M. Bruno, P. Buttazzo, L. Celano, N. Colonna, M. D'Agostino,
J.D.Dinius, A. Ferrero, M l . Fiandri, K. Gelbke, T. OHasmacher, F. Gramegna, DO. Handzy, D.
Horn, Wen-Chien Hsi, M. Huang, I. Iori, M. Lisa, W.G. Lynch, G.V. Margagliotti, P.F. Mastinu, P.M.
Milazzo, C. Montoya, G.F. Peaslee, L. Phair, F. Petruzzelli, R. Rui, R. Scardaoni, C. Schwarz, B.
Tsang, G. Vannini, C. Williams
Nucl. Phys. A583 (1995) 531

THE RELATIONSHIP BETWEEN DEUTERIUM AND FLUORINE UPTAKE BY THIN FOILS
OF Zr AND ITS ALLOYS ETCHED WITH A WEAK SOLUTION OF NH<HF2 IN ThQ
J.R. Leslie, T. Laursen, J.S. Forster and R.L. Tapping
Journal of Nuclear Materials 218 (1995) 314

ORIGIN OF CARBON AND ITS INFLUENCE ON PHOTOLUMINESCENCE IN POROUS
SILICON
R. Siegele, H.K. Haugen, D.J. Lockwood, B. Bryskiewicz, J.S. Forster and H.R. Andrews
Solid State Communications, 93 (1995) 833

THE DISTRIBUTION OF THE ROTATIONAL TRANSITION STRENGTH IN WARM NUCLEI
STUDIED THROUGH y-RAY CORRELATIONS
S. Leoni, B. Herskind, T. Dessing, P. Rasmussen, P. Bosetti, A Bracco, S. Frattini, M. Matsuo, N.
Nica, E. Bigezzi, A Atac, M. Bergstrom, A. Brockstedt, H. Carlsson, P. Ekstrom, F. Ingebretsen, H I
Jensen, J. Jongman, G.B. Hagemann, RM. Lieder, T. Lonnroth, A. Maj, B. Million, A. Nordlund, J.
Nyberg, M. Piiparinen, H. Ryde, D.C. Radford, M. Sugawara, P.O. Tj0m, A Virtanen
Nucl. Phys. A587 (1995) 513

DISSIPATTVE BINARY MECHANISMS IN ̂ g + 12C coUisions at 25A and 35AMeV
Y. Larochelle, G.C. Ball, L. Beaulieu, B. Djerroud, D. Dore, A. Galindo-Uribarri, P. Gendron, E.
Hagberg, D. Horn, E. Jalbert, R. Laforest, J. Pouliot, R. Roy, M. Samri and C. St-Pierre
Physics Letters B 352 (1995) 8

EXCITATION ENERGIES IN STATISTICAL EMISSION OF LIGHT CHARGED PARTICLES
IN HEAVY-ION REACTIONS
L. Beaulieu, M. Samri, B. Djerroud, G. Auger, G.C. Ball, D. Dore, A Galindo-Uribarri, P. Gendron,
E. Hagberg, D. Horn, E. Jalbert, R. Laforest, Y. Larochelle, J.L. Laville, O. Lopez, E. Plagnol, J.
Pouliot, R. Regimbart, R. Roy, J.C. Steckmeyer, C. St-Pierre and R.B. Walker
Phys. Rev. C51 (1995) 3492

INTRUDER VS. CORE EXCITATIONS NEAR THE Sn CLOSED SHELL
V.P. Janzen
Phys. Scripta T56(1995) 144
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HIGH SPIN PROTON AND NEUTRON INTRUDER CONFIGURATIONS IN 106Cd
P.H. Regan, AE. Stuchbery, G.D. Dracoulis, AP. Byrne, G.J. Lane, T. Kibedi, D.C. Radford, A
Galindo-Uribarri, V.P. Janzen, D. Ward, S.M. Mullins, G. Hackman, J.H. DeGraaf, M. Cromaz and S.
Pilotte
Nud. Phys. A586 (1995) 351

MULTI-PARTICLE EXCITATIONS IN THE SUPERDEFORMED 149Gd NUCLEUS
S. Flibotte, G. Hackman, I. Ragnarsson, Ch. Theisen, H.R Andrews, G.C. Ball, C.W. Beausang, F.A
Beck, G. Belier, M A Bentley, T. Byrski, D. Curien, G. de France, D. Disdier, G. Duchene B. Haas,
D.S. Haslip, V.P. Janzen, P.M Jones, B. Kharraja, J.A Kuehner, J.C. Lisle, J.C. Merdinger, S.M.
Mullins, E.S. Paul,D. Prevost,DC. Radford, V. Rauch, J.F. Smith, J. Styczen, P.J. Twin, IP. Vivien,
J.C. Waddington, D. Ward and K. Zuber
Nucl. Phys. A584 (1995) 373

ALIGNMENTS, SHAPE CHANGES AND BAND TERMINATIONS IN 157Tm
M.A Riley, T.B. Brown, C. Baktash, J. Simpson, Y.A Akovali, L. Chaturvedi, L.H. Courtney, MX.
Halbert, D.C. Hensley, V.P. Janzen, N.R. Johnson, I.Y. Lee, F.K. McGowan, L.L. Riedinger, A.
Virtanen, T. Bengtsson and I. Ragnarsson
Phys. Rev. C5J. (1995) 1234

Conference Contributions

REACTION MECHANISMS OF THE MOST VIOLENT ^ g + 12C COLLISIONS AT 25A AND
35AMeV
Y. Larochelle, G.C. Ball, L. Beaulieu, B. Djerroud, D. Dore, A Galindo-Uribarri, P. Gendron, E.
Hagberg, D. Horn, E. Jalbert, R. Laforest, J. Pouliot, R. Roy, M. Samri and C. St-Pierre
1 lth Winter Workshop on Nuclear Dynamics, Key West, Florida, 1995 February 11-18

THE 10C SUPERALLOWED BRANCHING RATIO AND THE CABBBO-KOBAYASHI-
MASKAWA MATRIX UNITARITY
G. Savard, A Galindo-Uribarri, E. Hagberg, J.C. Hardy, V.T. Koslowsky, D.C. Radford and
IS. Towner
ERNPC, 1995 March 17-19, Montreal, PQ

CHANNEL IDENTinCATION AND DOPPLER RECONSTRUCTION: ^Cr - A CASE STUDY
J. A Cameron, J. Jonkman, C. Svensson, and the 87c group
ERNPC, 1995 March 17-19, Montreal, PQ

SHELL STRUCTURE OF SUPERDEFORMATION AND Y31 CORRELATIONS
T. Nakatsukasa
ERNPC, 1995 March 17-19, Montreal, PQ
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AN UPGRADED MJMBALL PARTICLE-DETECTOR ARRAY AND ITS USE IN THE
SPECTROSCOPY OF LIGHT NUCLEI
A. Galindo-Uribarri, G.C. Ball, N.C. Bray, V.P. Janzen, ID. Lori, DC. Radford, D. Ward,
K. Yamazaki, IC. Cameron, IC. Waddington, M. Cromaz, J. DeGraaf and T.E. Drake
ERNPC, 1995 March 17-19, Montreal, PQ

SMOOTH TERMINATION OF COLLECTIVE ROTATIONAL BANDS IN 109Sb
V.P. Janzen, I. Ragnarsson, H.R. Andrews, M. Cromaz, J. DeGraaf; T.E. Drake, S. Flibotte,
A. Galindo-Uribarri, G. Hackman, I. Hibbert, S.M. Mullins, S. Pilotte, D.C. Radford, N.C. Schmeing,
IC. Waddington, R. Wadsworth and D. Ward
ERNPC, 1995 March 17-19, Montreal, PQ

ROTATIONAL BANDS IN 23*U
D. Ward and the 87c group
ERNPC, 1995 March 17-19, Montreal, PQ

SEARCH FOR SOFT BAND TERMINATION IN 116Te
IM. Sears, D.B. Fossan, D.R. LaFosse, H. Schnare, I. Thorslund, P. Vaska, M.P. Waring,
R. Wadsworth, I. Hibbert, K. Hauschild, S.M. Mullins, E.S. Paul, C.W. Beausang, V.P. Janzen and
D.C. Radford
Spring Meeting of the American Physical Society, 1995 April 18-21, Washington, D.C.

STUDY OF COLLECTTVLTY IN inIn
P. Vaska, D.B. Fossan, D.R. LaFosse, H. Schnare, M.P. Waring, S.M. Mullins, G. Hackman,
D. Prevost, J.C. Waddington, V.P. Janzen, D. Ward, R. Wadsworth and E.S. Paul
Spring Meeting of the American Physical Society, 1995 April 18-21, Washington, D.C.

THE TEMPERATURE DEPENDENCE OF THE g-VALUES FOR AQUEOUS SOLUTIONS
IRRADIATED WITH 23 MeV 2H* AND 157 MeV 7Li3+ ION BEAMS
AJ. Elliot, M.P. Chenier, D.C. Ouellette and V.T. Koslowsky
Swift Heavy Ions in Matter, Caen, France, 1995 May 15-19

RESONANT COHERENT EXCITATION (RCE) OF HIGHER-ORDER RESONANCES FOR Si13+

IONS CHANNELED IN A THIN Si CRYSTAL
IS . Forster, J.U. Andersen, G.C. Ball, W.G. Davies, IA. Davies, IS . Geiger, H. Geissel and F. Nickel
Swift Heavy Ions in Matter, Caen, France, 1995 May 15-19

ERD WITH EXTREMELY HEAVY ION BEAMS
R. Siegele, W. Assmann, J.A Davies and J.S. Forster
12th International Conference on Ion Beam Analysis, Tempe, AZ, 1995 May 22-26

USE OF THE 7.6 MeV 16O ("He, "He) RESONANCE IN STUDYING THE ANOMALOUS
CHANNELING BEHAVIOUR OF YBa2Cu3O7.x NEAR Tc

J.U. Andersen, G.C. Ball, J.A. Davies, J.S. Forster, J.S. Geiger, R. Haakenaasen, N.E. Hecker,
L.E. Rehn, R.P. Sharma and A. Uguzzoni
12th International Conference on Ion Beam Analysis, Tempe, AZ, 1995 May 22-26
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^Cl ACCELERATOR MASS SPECTROMETRY AT TASCC: APPLICATIONS TO NUCLEAR
PROBLEMS
H.R. Andrews, L. Chant, RJ.J. Cornett, W.G. Davies, B.F. Greiner, Y. Imahori, V.T. Koslowsky, S.
Kramer, J.W. McKay, G.M. Milton and J.C.D. Milton
16th Annual Conf. of the Canadian Nuclear Society, Saskatoon, Saskatchewan, 1995 June 4-7

A NEW REGION OF SUPERDEFORMATION BELOW N=73
A Galindo-Uribarri, D. Ward, M. Cromaz, J. De Graaf, T.E. Drake, S. Flibotte, V.P. Janzen,
S.M. Muffins, D.C. Radford, I. Ragnarsson and J.C. Waddington
(CAM 95) CAP Congress, Quebec City, 1995 June 11-16

FIXED POINTS, BIFURCATIONS AND THE ANATOMY OF RESONANCES IN
ACCELERATORS
W.G. Davies
(CAM 95) CAP Congress, Quebec City, 1995 June 11-16

INTERMEDIATE VELOCITY FRAGMENTS IN THE 35C1 (43 A MeV) + 197Au REACTION
Z. Saddilri, L. Beaulieu, B. Djerroud, D. Dore, R. Laforest, Y. Larochelle, J. Pouliot, R. Roy,
M. Samri, C. St-Pierre, G.C. Ball, D.K Bowman, A Galindo-Uribarri, E. Hagberg and D. Horn
(CAM 95) CAP Congress, Quebec City, 1995 June 11-16

MULTIPLE FRAGMENT EMISSION AND CRITICAL BEHAVIOUR IN THE DECAY OF HOT
CHLORINE NUCLEI
L. Beaulieu, G. Ancnl B. Djerroud, D. Dore, P. Gendron, E. Jalbert, M. Samri, R. Laforest,
Y Larochelle, R. Roy, C. St-Pierre, G.C. Ball, DR. Bowman, A Galindo-Uribarri, E. Hagberg,
D. Horn, D. Guinet and P. Lautesse
(CAM 95) CAP Congress, Quebec City, 1995 June 11-16

EMISSION TIMES IN 24Mg BREAKUP AT 25 AND 35AMeV
M Samri, L. Beaulieu, B. Djerroud, D. Dore, P. Gendron, E. Jalbert, R. Laforest, Y. Larochelle, J.
Pouliot, R. Roy, C. St-Pierre, G.C. Ball, A Galindo-Uribarri, E. Hagberg and D. Horn
(CAM 95) CAP Congress, Quebec City, 1995 June 11-16

RESONANT COHERENT EXCITATION OF HYDROGENIC ^Si IONS CHANNELED IN A
THIN SI CRYSTAL
G.C. Ball, J.S. Forster, W.G. Davies, J.S. Geiger, J.U. Andersen, J.A Davies, H. Geissel and F. Nickel
(CAM 95) CAP Congress, Quebec City, 1995 June 11-16

NEW BETA DECAY BRANCHES OBSERVED IN EXOTIC FP-SHELL NUCLIDES
E. Hagberg, V.T. Koslowsky, G. Savard, J.C. Hardy and IS. Towner
ENAM 95, Aries, France, 1995 June 19-23

1-FORBIDDEN GAMOW-TELLER DECAYS AND EXTRA-NUCLEONIC EFFECTS
E. Hagberg, G.C.Ball, J.S. Forster, J.C. Hardy, JR. Leslie, H-B. Mak,
V.T. Koslowsky, G. Savard, and IS. Towner
ENAM 95, Aries, France, 1995 June 19-23
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Invited Lectures

PHYSICS POSSIBILITIES WITH ION TRAPS AT RADIOACTIVE NUCLEAR BEAM
FACILITIES
G. Savard
Radioactive Nuclear Beams Workshop, Argonne, 1995 January 13-14

PENNING TRAP AS A TRACING TECHNIQUE
G. Savard
AMS Workshop, TRIUMF, 1995 January 16

SPACE-TIME CHARACTERISTICS OF FRAGMENT EMISSION IN Xe-INDUCED
REACTIONS
DR. Bowman
XXXHJ Int. Winter Mtg. on Nuclear Physics, Bormio, Italy, 1995 Jan. 23-28

DEFORMATION AND SUPERDEFORMATION IN NUCLEI
D. Ward
McMaster University, Hamilton, Ontario, 1995 February 8

SIGNATURES OF STATISTICAL DECAY
D.Horn
1 lth Winter Workshop on Nuclear Dynamics, Key West, Florida, 1995 February 11-18

HIGH-SPIN PHYSICS WITH THE 8TC SPECTROMETER
V.P. Janzen
Oak Ridge National Laboratory, 1995 March 9

INTRUDER STATES AT AND BEYOND THE Sn CLOSED SHELL
V.P. Janzen
University of Tennessee, 1995 March 10

INTERMEDIATE MASS FRAGMENT EMISSION TIME SCALE
D. Fox
ERNPC, Montreal, PQ, 1995 March 17-19

TECHNICAL DEVELOPMENTS IN THE CHALK RIVER AMS PROGRAM
H.R. Andrews, L. Chant, R.J.J. Cornett, W.G. Davies, B.F. Greiner, Y. Imahori,
V.T. Koslowsky, S. Kramer, J.W. McKay, G.M. Milton and J.C.D. Milton
Symposium "Advances in Accelerator Mass Spectrometry" at the 209th National American
Chemical Society Meeting, 1995 April 2-7, Anaheim, California

THE SHAPES OF ATOMIC NUCLEI
D. Ward
Lawrence Berkeley Laboratory, Berkeley, USA, 1995 April 12



1-10

INTRUDER STATES AND ENHANCED DEFORMATION
V.P. Janzen
Spring Meeting of the American Physical Society, 1995 April 18-21, Washington, DC.

RECENT EXPERIMENTS AT TASCC ON INTERACTION OF HEAVY IONS WITH
MATTER
J.S. Forster
Ecole Polytechnique, Palaiseau, France, 1995 May 12

PRECISE BRANCHING RATIO STUDIES OF SUPERALLOWED 0+ -> 0+ BETA
EMITTERS
E. Hagberg, G. Savard, V.T. Koslowsky, J.C. Hardy, IS . Towner, DC. Radford and A. Galindo-
Uribarri
5th International Spring Seminar on Nuclear Physics, "New Perspectives in Nuclear Structure",
Ravello Italy, 1995 May 22-26

COULOMB EXCITATION OF 23>U
D. Ward
Australian National University, Canberra, ACT, 1995 May 23

NEUTRON HALO NUCLEI
A. Hayes
(CAM 95) CAP Congress, Quebec City, 1995 June 11-16

PIONIC FUSION OF HEAVY IONS
D.Horn
(CAM 95) CAP Congress, Quebec City, 1995 June 11-16

RECENT CHALK RIVER EXPERIMENTS ON SUPERALLOWED 0+-> 0+ BETA DECAY
IS. Towner
Int. Symp. on Weak and Electromagnetic Interactions in Nuclei, Osaka, Japan, 1995 June 12-16

SUPERALLOWED FERMI BETA DECAY—A STATUS REPORT
I.S. Towner, E. Hagberg, J.C. Hardy, V.T. Koslowsky and G. Savard
ENAM 95, Aries, France, 1995 June 19-23

THE 10C SUPERALLOWED BRANCHING RATIO AND THE CABIBBO-KOBAYASHI-
MASKAWA MATRTX UNIT ARITY
G. Savard, A. Galindo-Uribarri, E. Hagberg, J.C. Hardy, V.T. Koslowsky, D.C. Radford and
IS . Towner
ENAM 95, Aries, France, 1995 June 19-23

THE CANADIAN PENNING TRAP MASS SPECTROMETER FACILITY
K.S. Sharma, R.C. Barber, F. Buchinger, J.E. Crawford, J.K.P. Lee, R.B. Moore, E. Hagberg,
J.C. Hardy, V.T. Koslowsky, G. Savard and M.J. Watson
ENAM 95, Aries, France, 1995 June 19-23
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PUBLICATIONS. REPORTS. LECTURES AND CONFERENCE CONTRIBUTIONS
fTASCC ACCELERATORS AND DEVELOPMENT BRANCH)

Publications

MICROWAVE DRIVEN NEGATIVE ION SOURCES
I S C . Wills, T. Taylor,N.J.Diserens,PA DubeandR.Halko
Proceedings of theLINAC 1994 Conference, Tsukuba, Japan

AUTOMATION OF THE TASCC HELIUM REFRIGERATOR
DJ. Caswell, B.F.Greiner and R.R. Tremblay
Proceedings of the Ninth Conference on Real-time Computer Applications in Nuclear, Particle and
Plasma Physics, Michigan State University, Michigan, 1995 May 22-25, IEEE publisher, pg. 268-270

TANDEM ACCELERATOR SUPERCONDUCTING CYCLOTRON 1994 REPORT TO SNEAP
J.W. McKay
Proceedings of the SNEAP 1994 Conference, University of Western Michigan,
Kalamazoo, Michigan, 1994 October 12-15, World Scientific publisher

HIGH MASS TANDEM BEAMS
J.W. McKay
Proceedings of the SNEAP 1994 Conference, University of Western Michigan,
Kalamazoo, Michigan, 1994 October 12-15, World Scientific publisher

Reports

THE TANDEM ACCELERATOR SUPERCONDUCTING CYCLOTRON (TASCC)
FACILITY ANNUAL SAFETY REPORT FOR 1994
J.W. McKay
AECL-MISC-231-94

MACOLA COMPUTERIZED MAINTENANCE-MANAGEMENT SYSTEM MANUAL
L.M. Lindstrom
TASCC-1-14-002

SCC Notes

RUN DIARY: 76Ge-4.2 PRODUCTION (95-02-9/13)
L.W. Thomson
SCC Note (Series U) #115.4

RUN DIARY: PRODUCTION OF 35Cl-43 (95-05-3/6)
L.W. Thomson
SCC Note (Series JJ) #166.4
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RUN DIARY: PRODUCTION OF aSi-27, DEVELOPMENT OF 12C-23 (95-03-19/31)
L.W. Thomson
SCC Note (Series II) #168.1

1994 TRC PROGRAM AND INDEX FOR 17 SCC NOTES
L.W. Thomson
SCC Note (Series II) #191.0

RUN DIARY: PRODUCTION OF 7O9Bi-5A, -6.35 (95-05-10/17)
L.W. Thomson
SCC Note (Series II) #193.2

AN EXOTIC BEAM FACILITY AT TASCC: THE FOOTWORK
H. Schmeing
SCC Note (Series II) #198.1

A SMALL, COMMERCIAL CYCLOTRON AS A PRIMARY-BEAM
ACCELERATOR FOR A RADIOACTIVE BEAM FACILITY AT TASCC
E.H. Lindqvist
SCC Note (Series II) #198.2

EBCO'S TR30 CYCLOTRON AS A PRIMARY-BEAM ACCELERATOR FOR A
RADIOACTIVE BEAM FACILITY, LAYOUT BSMNT1D
E.H. Lindqvist
SCC Note (Series H) #198.3

SOME NOTES ON HIGH-ENERGY, LIGHT-ION, ISOCHRONOUS CYCLOTRONS,
POSSIBLY USEFUL AS A PRIMARY-BEAM ACCELERATOR FOR AN EXOTIC-
BEAM FACILITY AT TASCC
E.H. Lindqvist
SCC Note (Series II) #198.4

SOME NOTES ON THE TASCC SUPERCONDUCTING CYCLOTRON AS A
PRIMARY-BEAM ACCELERATOR FOR AN EXOTIC-BEAM FACILITY
E.H. Lindqvist
SCC Note (Series II) #198.5

OAK RIDGE VISIT, MARCH 1995
E.H. Lindqvist
SCC Note (Series II) #198.6

RUN DIARY: DEVELOPMENT OF 58Ni-34.5 AND ̂ Cu-S 1.5 (95-01-17/20)
L.W. Thomson
SCC Note (Series II) #202
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RUN DIARY: PRODUCTION OF 197Au-10,127I-15 AND 58Ni-34.5 (95/01/26/02-2)
L.W. Thomson
SCC Note (Series U) #203.0

RUN DIARY: PRODUCTION OF I97Au-10 (95-05-1/4)
L.W. Thomson
SCC Note (Series II) #203.1

FEASIBILITY STUDY OF A STRIPPER FOIL AT EXTRACTION
EH. Lindqvist
SCC Note (Series II) #204

FEASIBILITY STUDY OF BEAM CAPTURE BY MASS CHANGE INSTEAD
OF CHARGE CHANGE FOR INJECTION OF D AND H
E.H. Lindqvist and C.R Hoffinann
SCC Note (Series II) #205

FEASIBILITY STUDY OF A PROPOSED ADDITIONAL DEFLECTOR
EH. Lindqvist
SCC Note (Series II) #206

RUN DIARY: DEVELOPMENT OF 12C-22, PRODUCTION OF 12C-22,12C-23 (95-02-27/03-5)
L.W. Thomson
SCC Note (Series II) #207

RUN DIARY: DEVELOPMENT OF 24Mg-45,18O-36.5 (95-04-16/20)
L.W. Thomson
SCC Note (Series H) #208

RUN DIARY: DEVELOPMENT OF 2O9B\-635 (95-05-26/30)
L.W. Thomson
SCC Note (Series H) #209.0

TASCC VIDEO LIST
L.W. Thomson
SCC Note (Series II) #210.0

PROGRAM AND TAD PRESENTATIONS TO PAC
L.W. Thomson
SCC Note (Series II) #211.0

OVERVIEW OF TASCC: OPERATION AND DEVELOPMENT
H. Schmeing
SCC Note (Series IT) #2111
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VISTA CONTROL SYSTEM
B.F. Greiner
SCC Note (Series II) #211.3

RF SYSTEM DEVELOPMENT
N.A Towne
SCC Note (Series II) #211.4

MICROWAVE ION SOURCE DEVELOPMENT AT TASCC
J.S.C. Wills
SCC Note (Series II) #211.5

AMTXEDBAG
E.H. Lindqvist
SCC Note (Series IT) #211.6

TANDEM AND INJECTOR PERFORMANCE
J.W. McKay
SCC Note (Series II) #211.7

HIGHLIGHTS OF THE HIGH-VOLTAGE RESEARCH PROGRAM
W.T. Diamond
SCC Note (Series II) #211.8

REQUIRED STABILITIES OF SOME SYSTEMS IN THE SCC
E.H. Lindqvist
SCC Note (Series II) #212

COMPUTER READBACK OF THE RF SYSTEM FREQUENCY
N.A Towne
SCC Note (Series II) #213

TASCC Instructions

TASCC FACILITY EMERGENCY SHUTDOWN
L.W. Thomson and R R Tremblay
TASCC Instruction 1.1.05 (Revision 3)

OPERATION OF RAW WATER SYSTEM
G.D. Reynolds
TASCC Instruction 7.09

OPERATION OF DEIONIZED-WATER SYSTEM
G.D. Reynolds
TASCC Instruction 7.10
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BUNCHING AND PHASE CONTROL SETUP
G.R. Mitchel and N. A. Towne
TASCC Instruction 4.1.1.1 (Revision 7)

PROCEDURE FOR NOTIFIC ATION OF BUILDING SERVICE SHUTDOWNS
L.M. Lindstrom
TASCC Instruction 1.3.02

CYCLOTRON SHUT-DOWN PROCEDURE
R.R Tremblay, G.L. Caldwell andN.A. Towne
TASCC Instruction 1.1.10 (Revision 2)

Invited Lectures

NEW PERSPECTIVES IN VACUUM HIGH-VOLTAGE INSULATION
W.T. Diamond
Michigan State University, Michigan, U.S.A., 1995 February 24

STATUS OF TASCC
EH. Lindqvist
Oak Ridge National Laboratory, Oak Ridge, Tennessee, 1995 March 10
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3.1 RESEARCH

3.1.1 Heavy Ion and Pion Reactions as Probes of Exotic Nuclei.

A. Hayes

In light neutron-rich nuclei extreme ratios of N/Z can be obtained. For example, in nLi the ratio
of neutrons to protons is N/Z=2.67, which is to be contrasted with the situation seen as one goes
to heavier nuclei where it becomes impossible to find particle stable systems with such large
neutron excesses. The very weak binding energies of the last one or two neutrons in nuclei with
extreme N/Z ratios leads to an unusually large spatial extent of the wave functions—the so-called
neutron halo. This in turn affects the magnitude of the matrix elements involved in a number of
strong, weak, and electromagnetic reactions. We have carried out a detailed review of the various
heavy-ion and pion reactions available for probing neutron-rich nuclei, with an emphasis on the
sensitivity of the reactions to the structure of the "halo" wave function.

We find that the two probes, pion reactions and heavy-ion reactions, tend to complement one
another well. Heavy-ion experiments, particularly those using radioactive-ion beams, provide
information on the bulk properties of the exotic nuclei, such as total rms neutron and matter radii
and ground state electric dipole response functions. In addition, ground state properties such as
precise atomic masses, beta-decay rates, and electromagnetic moments can be measured. The pion
reactions typically use charge exchange reactions (essentially 2p(ft',7t+)2n) to populate the ground
state and excited state resonances of exotic nuclei. The pion experiments probe the radial
distributions of the exchanged neutrons, and provide information on the spins, parities and
excitation widths of resonances in exotic nuclei. The radioactive-ion beam and pion experiments
each provide unique and independent information on exotic nuclei; both sets of data are important
for testing models, and thus furthering our understanding of these systems.

With the present funding situation at LAMPF it appears unlikely that pion reactions will continue
to play a leading role in the field of halo nuclei. However, the situation leaves TASCC in an good
position to exploit heavy-ion charge exchange and transfer reactions as the complementary probes
to the radioactive-ion beam experiments. There are a number of properties which are ideally suited
to studies using transfer reaction. For example, our preliminary calculations suggest that the
16O(d,n) reaction provides a sensitive measure of the radial extent of the reported proton halo in
the first excited state of 17F. Furthermore, with the Q3D spectrometer at TASCC, we hope to be
able to determine the position of the resonances in nuclei such as nLi with double charge exchange
and transfer reactions. These types of spectroscopic measurements will greatly help in constraining
the theoretical work on the structure of exotic nuclei.

This work is in press in Comments in Nuclear and Particle Physics.
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25«3.1.2 High Energy 3 decay of "Si

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

The Tz = -3/2, A = 4N + 1 series of nuclides decay predominantly by delayed proton emission
through highly excited states in their 3 decay daughters, including the isobaric analogue state. The
high energy beta decay branches to the ground state and the low energy excited states are less well
known. This series of nuclides offer the possibility of exploring the Gamow-Teller strength
distribution over a wide range of excitation energies by combining delayed particle data (high
excitation energies) with delayed y-ray data (low excitation energies). In 25Si, only the delayed
particle branches have been observed. We have performed a short test experiment aimed at
observing some P-delayed y rays.

Samples of ^Si produced with the 24Mg (3He, 2n) reaction at 31 and 35 MeV beam energies, were
isolated with our He-jet transport system/fast tape station combination. They were brought to a
counting location consisting of a large volume HPGe counter and two plastic scintillators, where
J3-y coincidences were recorded. Three, previously unknown y rays were observed with energies
of 451.5, 493.3 and 944.8 keV. We assign them to the decay of 25Si on the basis of their apparent
short half-life and on good agreement with the energies of the first two excited states in 25A1, 451.5
keV and 944.8 keV. Based on the success of this short test a longer experiment is planned.

3.1.3 Precise Branching Ratio Measurement in the Beta Decay of 37K

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

The nucleus 37K has been proposed as a good test case for fundamental weak interaction studies.
Precise 3 decay asymmetry measurements of this nuclide are planned by the neutral atom trap
groups at TRIUMF and at Berkeley. In addition to the 3 decay asymmetry, the ft value of the
dominant g.s. beta transition from 37K to 37Ar needs to be known. At present the uncertainty of
this ft value is restricted by our knowledge of the strength of the beta-decay branch populating the
2796 keV excited state in 37Ar, 1.8 ± 0.3%, and by the known half-life of 37K, 1.226 ± 0.0075
seconds. We have performed an experiment aimed at reducing the uncertainty of the excited state
beta decay branch.

Atoms of 37K were produced in the ^Ca (p,a) reaction. A He-jet transport system brought the
reaction products into a low background area where samples were deposited on the aluminized
mylar tape of a fast tape station. Samples were periodically moved to a counting location where
they were stopped in the middle of a 4% gas detector. A 68% HPGe detector observed y rays from
the sample through the thin-walled gas detector. The total 37K decay strength of the samples were
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determined from multiscaled positron events seen in the gas counter. The
strength of the P branch to the 2796 keV excited state was determined from J3-y coincidences.

Analysis of the data obtained has started. We expect to determine the branching ratio with
sufficient precision to reduce its contributed uncertainty to the ft value below 0.1%.

3.1.4 First-forbidden 0+ -> 0" (3-decay of 42Ti

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

The 0+ -» 0" P-decays of 42Ti and 38Ca have been proposed by Warburton et al. (Ann. Phys. 187
(1988) 471) as excellent candidates to extract information about possible enhancement of the
axial-charge operator in the A=40 mass region. A four day experiment was scheduled near the end
of the reporting period to study the decay of 42Ti. The activity was produced with (3He,n)
reactions on natural calcium targets with a 0.5-1.0 uA 3He beam at 12 MeV from the tandem
accelerator. The helium-jet transport system carried the activity to a counting location where the
decay of 42Ti was observed with two 3-scintillators and two HPGe detectors. Data were recorded
in singles and in coincidence mode.

We observed a total of about 2 x 108 42Ti decays. Analysis is not completed, but we have
observed four new weak P-branches in addition to the two known ones. We expect that the full
analysis should yield an upper limit of about 50 ppm on the first-forbidden 0+ —> 0" branch of
interest.

3.1.5 Currents and Their Couplings In the Weak Sector of the Standard Model

I.S. Towner (Nuclear Physics Branch)
J.C. Hardy (TASCC Division)

A chapter with the above title has been completed for a book entitled, "The Nucleus as a
Laboratory For Studying Symmetries and Fundamental Interactions", edited by W. Haxton and
E.M. Henley (PR-TASCC-9: 3.1.8; AECL-11239). The manuscript was delivered to the publisher
in April.

3.1.6 Analogue-Symmetry Breaking in Superallowed Fermi Beta Decay

I.S. Towner

Both Coulomb and charge-dependent nuclear forces destroy isospin symmetry and reduce the value
of the Fermi matrix element between analogue states from its simple value of <MV>2 = 2 to a
corrected value of 2(1-8C). In analyzing the data on superallowed Fermi beta decay, we have used
the unweighted average of two calculations of 5C by Towner, Hardy and Harvey (THH) and by
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Ormand and Brown (OB) and have assigned an error based on the spread between these two
calculations. Recently, Ormand and Brown have released a revised calculation for 8C whose values
are much closer to the THH values. Following the same methodology as before but using the
revised OB values produces the following changes in the analysis of Fermi decay data: the average
corrected ft value is reduced from 3073.1 ± 3.0 s to 3072.3 ± 2.0s with a smaller assigned error,
and the deduced value of the CKM matrix element, Vud, increases from 0.9736 ± 0.0006 to 0.9740
± 0.0005. The data, however, are still inconsistent with the unitarity of the CKM matrix.

3.1.7 Neutralino-Nucleus Cross-sections for 39K

IS . Towner (Nuclear Physics Branch)
J. Engel (Univ. of North Carolina)
M.T. Ressel (Cal. Inst. of Tech.)
E. Ormand (Univ. of Tennessee)

Heavy neutral supersymmetric fermions, neutralinos, are promising candidates for galactic dark
matter. Their detection relies on observing recoil nuclear tracks etched in such media as ancient
mica (PR-TASCC-9: 3.1.7; AECL-11239). The neutralino-mica cross-sections comprise a spin-
independent component that is coherent and proportional to the square of the nuclear mass, and a
spin-dependent component. To estimate the latter requires a detailed nuclear-structure calculation.
For ^Al, a standard shell-model calculation is performed using a phenomenological effective
interaction, fine-tuned to reproduce the spectroscopy of sd-shell nuclei. For 39K, where the ground-
state configuration is predominantly one proton hole in a major shell closure, a different approach
is required. We use second-order perturbation theory to estimate the contributions of states of
energy: 2fF®, 4ffco, 6lT(D and 8TTo above the ground state to the matrix elements of spin operators.
The residual interaction used is a realistic one being the G-matrix constructed from either the Bonn
or the Paris nucleon-nucleon interaction. The tensor components of these interactions require that
intermediate-state summations be carried to high excitation energies. Our result is that the spin
matrix element in 39K is reduced to 60% of its single-particle value. This results in a considerable
reduction of the spin-dependent neutralino-mica cross-section. This work has been submitted for
publication.

3.1.8 Fractional Parentage Coefficients in a j = 7/2 Shell

I.S. Towner

A potentially useful truncation in shell-model calculations involves the seniority quantum number.
In a shell-model configuration, seniority is the number of nucleons not contained in J=0, T=l pairs.
Because of the presence of pairing forces in residual interactions, states of low seniority lie lower
in the computed spectrum.

Many TASCC experiments are being performed in the pf-shell, where the full model space of (pf)n

for n nucleons is too large for complete computation and a seniority-based truncation may well
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prove useful. Fractional parentage coefficients for the j=7/2 orbital in a seniority classification with
good isospin are not available. We began computing them with a standard recursive technique but
ran into a difficulty related to the complete classification of states of configuration j n with j=7/2.
The usual quantum numbers are: j n , ut, oJ, J3T where u is the seniority number, t the isospin of
the unpaired nucleons, J the total angular momentum and T the total isospin. The quantum number
a distinguishes the states when there is more than one way of coupling the u unpaired nucleons
to a resultant angular momentum J, while P distinguishes the different possible couplings of the
isospins to a resultant T. The problem is that the standard recursive technique is not able to
distinguish between states of differing P, and an alternative procedure is required.

This T-multiplicity problem has been solved by Hecht (Nucl. Phys. A102 (1967) 11) with a five-
dimensional quasi-spin formalism where the fractional parentage coefficients of differing P-values
can be given in terms of generalised R(5) Wigner coefficients. Hecht has given tables for some
R(5) Wigner coefficients but not for all cases required in the j=7/2 shell. We have developed an
algorithm for computing these R(5) Wigner coefficients based on the following. A two-particle
fractional parentage coefficient is defined as the expansion coefficients when an antisymmetric
state, j n , is expanded in terms of an antisymmetric state, j n ' 2 , vector-coupled to an antisymmetric
state, j 2 . These two-particle fractional parentage coefficients can also be expressed as linear
combinations of one-particle fractional parentage coefficients, which in turn are expressible in terms
of R(5) Wigner coefficients. By using the fact that the two-particle fractional parentage coefficient
should vanish when the two-particle state, j 2 , is in a symmetric rather than an antisymmetric state,
we are able to develop a series of linear equations for the R(5) Wigner coefficients that can be
solved. This procedure was successful for all states in the j=7/2 shell. We have compared our
computed R(5) Wigner coefficients with the tables of Hecht and get agreement in magnitude in all
cases, but have some discrepancies in sign.

We are currently beginning some exploratory calculations in the pf-shell to investigate the
usefulness of seniority truncation.

3.1.9 Background Measurements and Analysis For Pionic Fusion Search

D. Horn, G.C. Ball, D.R. Bowman, W.G. Davies, D. Fox, A. Galindo-Uribarri
and G. Savard (Nuclear Physics Branch)
L. Beaulieu, Y. Larochelle and C. St-Pierre (Universite Laval)

Our recent searches for pionic fusion in the 12C(12C,24Mg)7t0 reaction at £cm « 137 MeV (PR-
TASCC-6: 3.1.16; AECL-10908 and PR-TASCC-9: 3.1.10; AECL-11239) have revealed
background events of 23 < A < 25. Their presence indicates that not all 24Mg ions observed are
necessarily pionic fusion residues. The most probable cause of these heavy recoil products was
thought to be oxygen contamination on the 12C targets.

To quantify the effect of this contamination, we performed a series of measurements in which a
486-ug/cm2 12C target was alternated with a 150-ug/cm2 MoO2 "oxide" target. The comparison
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was performed at two beam energies, above and below the absolute threshold for pion production.
A comparison of the yields from the two targets indicated an oxygen contamination of 0.8% on
the carbon target, consistent with an ERDA assay of the target by Forster et ai, which gave 0.65%
contamination. (A remeasurement by that group of the thick target used in PR-TASCC-9: 3.1.10;
AECL-11239 gave 1.1% oxygen and 0.2% aluminum, removing the puzzle noted in the earlier
report.) The rate of heavy recoil production with the carbon targets is thus consistent with the
measured contaminant levels, except for the case of 24Mg in the recoil velocity window allowed
by pionic fusion, where a net excess is measured. The galilean-invariant cross sections for 24Mg
production are shown by the filled circles in the top half of figure 3.1.9.1. The solid line indicates
the measured 24Mg production rate from the oxide target, scaled by the oxygen contamination
level on the carbon target. The excess in the allowed velocity region (delimited by the dashed
vertical lines, is 165± 88 pb. Also plotted in the figure (open circles) is the cross section from the
February, 1993, run with a target of the same thickness, which was done before installation of the
timing detector. There was no momentum calibration with a 24Mg beam for that experiment, so
the absolute velocity scale is less certain, but the measurements appear to be in agreement. The
0.6% shift in momentum calibration proposed in PR-TASCC-6. 3.1.16; AECL-10908 would, in fact
make the February, 1993, measurement coincide with the present data. Judging from the 24Mg
yields outside the "allowed" velocity window, the same oxygen background subtraction spectrum
is valid for this experiment. Together, the two thin-target measurements give a cross section of
178 ± 63 pb. The double-lobed structure in the velocity distribution is consistent with the
forwar^ackward peaking expected for pion emission, though the apparent difference in yield for
the low- and high-velocity lobes is not understood.

The radiative capture reaction (fusion followed by emission of gamma-rays only) could also
produce 24Mg ions at these velocities. A number of factors argue against this (the shape of the
thin-target velocity distribution, the kinematic exclusion of single-photon emission, the relative
improbability of multiple high-energy photon emission, etc.). Nevertheless, it was decided to use
the same target to measure the 24Mg yield at Ecm «130 MeV, which is just below the absolute
threshold for the I2C(12C,24Mg[T=l])7c° reaction. At this energy, the radiative capture cross section
should be essentially unchanged, but pionic fusion is forbidden. The lower half of the figure shows
the yield below absolute threshold, along with the background level from the oxygen reaction at
the same energy. The measured, background- subtracted cross section is 74 ± 110 pb, consistent
with zero, but with a statistical uncertainty so large, that the process cannot be excluded on the
basis of this data set.

In the thick-target experiment (PR-TASCC-9: 3.1.10; AECL-11239) energy loss of the recoil in the
target broadens the velocity distribution of each lobe so that no central valley is discernible, as seen
in fig 3.1.9.2. The presence of traces of heavier contaminants like aluminum in this target make
the measured oxygen reaction inadequate for background determination, as is evident from the
sharp rise of the yield with decreasing velocity. Nevertheless, with an approximate background
shape taken from the measured 25Mg yield, a cross section may be estimated by subtracting a
background normalized to the low-velocity "forbidden" region. The pionic fusion cross section so
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obtained is 168 ± 50 pb. Additional systematic errors are associated with the applicability of this
background shape; their inclusion gives a total uncertainty of ± 78 pb.

Taken together, the three experiments to date show that the yield of 24Mg in the region of recoil
velocities allowed by the pionic fusion mechanism is significantly above background, with the
background-subtracted cross section more than three standard deviations above zero.
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Figure 3.1.9.1 Galilean-invariant cross section for 24Mg production, as a function of recoil
velocity, from the 12C + 12C reaction at Ecm = 137 MeV (top) and E^ = 130 MeV (bottom). The
solid line indicates the background level due to oxygen contamination on the carbon target,
obtained from scaling the measured 12C + 16O reactions.
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Figure 3.1.9.2 Galilean invariant cross sections for 12C(12C, 24Mg)X at E^ = 137 MeV as a
function of recoil velocity, obtained with the thick target An estimate of background due to
contaminants on the target is obtained by scaling the yield of the contaminant product, 25Mg
(solid line).

3.1.10 Spectroscopy of High-Spin Levels in '"Cr

J.A. Cameron, J. Jonkman, C. Svensson, M. Gupta, G. Hackman, D. Hyde,
S.M. Mullins, J.L. Rodriguez and J.C. Waddington (McMaster University)
A. Galindo-Uribarri, H.R. Andrews, G. Ball, V.P. Janzen, D.C. Radford and
D. Ward (Nuclear Physics Branch)
T. Drake, M. Cromaz, J. DeGraaf and G. Zwartz (University of Toronto)

The nucleus 48Cr has attracted attention recently in connection with the search for examples of
extreme deformation. Two decades ago, enhanced E2 transitions with rotor-like energies were
identified among the low-lying states of 48Cr and its neighbours 47V and 49Cr. Until recently,
studies of high spin, bound levels in such nuclei have been quite limited. Light nuclei are resistant
to many of the technologies which have proved successful in high spin studies of heavier nuclei.
Their small radii restrict the angular momentum available in reactions; their low masses imply high
recoil velocities, which, combined with the large transition energies following from small radii, lead
to large Doppler effects; their low Z allows a large number of strongly-competing reaction
channels. These effects combine unfavourably in the spectroscopy of 48Cr, and extraordinary
measures are needed to produce y-ray spectra of convincing intensity, resolution and purity.
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The y rays of 48Cr have been examined in the 28Si (28Si,2a) reaction at 125 MeV with the 87c
spectrometer of the TASCC facility. A 44-element particle detector array allowed the tagging of
y-y events by their charged-particle signatures. At the same time, the momenta of the particles
detected were used to reconstruct the reaction kinematics in each event, thus enabling a
considerable reduction of the Doppler broadening of the peaks of the y ray spectra (see Figure
3.1.10.1). In addition to the measurements made with self-supporting targets, spectra were also
collected using a gold-backed Si target, allowing measurements to be made of lifetimes of the high-
lying states by the Doppler shift attenuation method.

Spins were inferred from DCO measurements and lifetimes from centroid shifts with a backed
target. The yrast band was identified up to the 13315-kev 16+ level and two new levels were
assigned to the side band beginning at 3631 keV. Results are shown in table 3.1.10.1. The
previously-noted backbend beginning at 8+ where the aligned spin increases by 6TT remains (see
Figure 3.1.10.2). A sharp reduction in E2 rates at the 10+—»8+ transition is not reproduced by shell
model calculations but may be attributable to the spin alignment.

TABLE 3.1.10.1
TRANSITIONS IN 48Cr

(keV)

752

1858

3445

5189

7064

8411

10283

13315

3533

4064

6085

6278

Ef
(keV)

0

752

1858

3445

5189

7064

8411

10283

1858

3533

4064

4064

Ey
(keV)

752

1106

1587

1744

1875

1347

1872

3032

1675

531

2021

2214

Iy
(%)

100

98

75

62

55

52

35

27

20

18

5

7

1.0(1)

0.9(1)

1.0(1)

0.8(2)

0.9(1)

1.1(2)

0.8(2)

0.7(1)'

0.7(1y

b

b

2+

4+

6+

8+

10+

12+

14+

16+

5*

6*

7

8*

0+

2+

4+

6+

8+

10+

12+

14+

4+

5*

6*

6"

F(x)

<0.06

0.25(2)

0.44(3)

0.92(2)

0.76(4)

(ps)

10.6(1 l)c

1.9(6)c

<0.5d

0.75(25)c

>1

0.6(1)

0.52(5)

0.07(1)

4800(1100)^

40(10)c

0.20(4)

B/Bw

31(4)

25(8)

>15

6.5(22)

<3

29(5)

6.5(6)

4.3(6)

7.2(14)

a Backed target.
b Angular distribution from J.A. Cameron et al. Phys. Rev. C 49, 1347 (1994).
c From: L.P. Ekstrom et al. J. Phys. G5, 803 (1979).
d From: B. Haas et al. Nucl. Phys. A238, 253 (1975).
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Figure 3.1.10.2 J= (J^Jf)/2 vs. fro = (ErEf)/2. Values ofB(E2)/Bw are shown beside each
point. The shell model calculation is from E. Courier et al Phys. Rev. C 50, 225 (1994).

3.1.11 An Upgraded Miniball Particle-detector Array and its Application in the
Spectroscopy of Light Nuclei

A. Galindo-Uribarri, G.C. Ball, D. Ward, V.P. Janzen and DC. Radford
(Nuclear Physics Branch)
I. Ragnarsson (Lund)
D. Headly (Florida State University)

Experimental data on high-spin states in the mass region A -60 are rather scarce. We have launched
a research program to investigate high-spin structures, with particular emphasis on rotational bands
built on exotic shapes.

The recently upgraded miniball together with the 871 spectrometer provides a very powerful
instrument for the spectroscopy of light nuclei. The miniball CsI(Tl) charged-particle detector
array was extended from 24 to 44 detectors, with finer segmentation in the forward direction The
increase in granularity of the miniball plus the addition of a miniature forward wall of 8 detectors
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allowed us to resume our studies in light nuclei (PR-TASCC-4: 3.1.9; AECL-10674) which had
been limited by high counting rates in the forward detectors.

An experiment in the mass A~60 has been completed. 28Si ions were accelerated with the tandem
to an energy of 115 MeV. The self-supporting target consisted of a 428 ng/cm2 ^Ca. foil mounted
on a large 'miniball' frame. Additional absorbers were added to the front wall detectors with a 4
mg/cm2 Au layer placed over the standard 14.1 mg/cm2 Au absorbers. The HPGe detectors gains
were set to 4 MeV full-scale. Typical beam currents were between 3.5 to 4 particle nA.

Approximately 175 x 106 events were acquired in particle-y-y coincidence mode with the condition
that the BGO-ball fold K>3. To study high-spin states of the N = Z+4 = 34 nucleus MZn we
produced y-y coincidence matrices off-line requiring K>3, K>7, K>10, plus at least 2 protons and
no alpha be detected in the charged particle array.

Analysis of these data has revealed a strongly coupled band which goes up to spin ~20"rT in the
40Ca(28Si, 4p) ^Zn reaction channel. Structures like this one have never been seen before in this
mass region. Figure 3.1.11.1 shows a spectrum created by the sum of gates on members of the
strongly coupled band. A partial level scheme is shown in Figure 3.1.11.2. A striking
characteristic of the band is that it reaches 16 MeV excitation energy.
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Figure 3.1.11.1 Gamma-ray spectrum obtained by summing coincidence gates on members
of the strongly coupled band. Transitions within the band are labeled with their energies
alone. The label L preceding an energy denotes a linking transition and the label Y denotes
transitions of the known level scheme.
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Prior to the present investigation, states in MZn have been observed only to spin 12H by
B. Crowell et al (Phys. Rev. C 50 (1994) 1321) who reported a study with y-y, recoil-y and recoil
y-y coincidence techniques in the reaction 12C(54Fe, 2p) at 155 MeV. Their study required the
kinematic focussing provided by an inverse reaction to increase the efficiency for detection of the
recoils, but this reaction had a grazing angular momentum of only 12TT and the compound nucleus
excitation energy was about 34 MeV. By contrast, more symmetric collision partners such as the
ones used in the present experiment bring in considerably more angular momentum and excitation
energy (Lg^ = 40"n~ and E* = 65 MeV).

The shapes of light nuclei can be predicted with cranked shell-model techniques (with either a
Nilsson or a Wood-Saxon potential) and Strutinsky renormalization. The nucleus ^Zn is
transitional with two valence protons and six valence neutrons outside the doubly-magic 56Ni core.
The shapes of transitional nuclei are poorly defined at low spins, and their wave functions may be
considered to be superpositions of single particle, rotational and vibrational components. Their
shapes may become more stiff with the input of angular momentum, and the wave function can
then come to be dominated by rotational components.

Nilsson-Strutinsky calculations have been carried out for the nucleus 64Zn with special emphasis
on collective states in the I ~15-20rT spin range. Configurations are fixed by the number of particles
in the N-shells, within one N-shell, and by the number of particles in the high-j intruder orbitals.
In Figure 3.1.11.3, calculated low-lying states are presented relative to an arbitrary reference
energy.

T I i T T \ I I I I I i [ 1 II I J 1 1 J I t I I I 1 I 1 I

0 4 8 12 16 20 24 28 32 36
Spin, /

Figure 3.1.11.3 Calculated low-lying states in "Zn, using a modified harmonic oscillator
potential, are presented relative to an arbitrary reference energy (E-const 1(1+1)) vs. spin. Fixed
configurations are indicated by filled or empty circles. The yrast lines for fixed parity and
signature are indicated by different line types.
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The states at low spin and small deformation are built from 2 valence protons and 6 valence
neutrons in the low-j N=3 orbitals. The highest spin built by using f5/2 and p3/2 subshells is 4Tf for
the protons and 6Tf for the neutrons, i.e. Imax=10TT. This corresponds to the sequence of states
drawn as a solid line at low spin which become non-yrast above I=8Tf. If one neutron or one
neutron and one proton is excited to g9/2, we predict favoured terminations at spin 11" and 13+, 14+,
respectively (e.g. Ragnarsson et al, Phys. Rev. Letts. 74 (1995) 3935). If one more neutron is
excited to g^ , we get favoured terminations in the spin range 17" to 19".

Our main interest is the bands which become yrast for spins above these terminating states. They
are characterized by a proton hole in f7/2, with one proton and two neutrons in gg/2. The f7/2 hole
leads to a signature-degenerate band with strong Ml transitions. At intermediate spins, the
predicted deformation is 8 = 0.3 and y = 30°. For frequencies ©/©o -0.05 to 0.10, there is a gap
in the neutron orbitals at N=34 and in the proton orbitals at Z=29; the signature degenerate f7/2
orbital is occupied by the 30th proton which can be placed in either signature. Higher spins can
be obtained by lifting another proton from f7/2 to g9/2, leading to the configuration drawn by a full
line in Figure 3.1.11.3 which is yrast for I-28TT.

It is instructive to consider the structure of the T^f^"1 bands in MZn as analogous to the 7t(g9/2)"
2

bands in 109Sb, which is one shell higher (cf Figure 3.1.11.4). In 64Zn(109Sb) there are two protons
in N=3(4) and one proton in the intruder g9/2(h11/2). Similarly, there are two neutrons in g9/2 (

MZn)
and in h11/2, (

109Sb) and four N=3 neutrons (MZn) and six N=4 neutrons (109Sb). There are fewer
valence (particles plus holes) in MZn than in 109Sb, but the ratio of this number to the number of
core particles is 10/56 = 0.179 in MZn and 13/100 = 0.13 in 109Sb. This leads to a larger
calculated deformation for MZn.

The dynamical moment of inertia J*2* shown in Figure 3.1.11.5 becomes small close to the
predicted termination in MZn (as it does in 109Sb).
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Figure 3.1.11.4 Correspondence of the structure in 6*Zn and 109 Sb.
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Figure 3.1.11.5 Experimental (closed) and calculated (open circles) values for the moments of
64.inertia (units of W/MeV) in °*Zn.

3.1.12 Lifetime Measurements in 109Sb and 108Sn

V. Janzen, D. Ward, A. Galindo-Uribarri and D.C. Radford (Nuclear Physics
Branch)
M. Cromaz, J. DeGraaf and T. Drake (University of Toronto)
S. Flibotte, G. Hackman, S. Mullins and J. Wilson (McMaster University)
R. Wadsworth (University of York)

Previous experiments on these nuclei, with the 8TC spectrometer at TASCC and the Gammasphere
spectrometer at Lawrence Berkeley Laboratory, revealed the phenomenon of "smooth band
termination", whereby the rotational band structures, which are energetically favoured at low-to-
medium spins (10 Tf-to 30 1f) gradually lose their collectivity and terminate in a single-particle
state at high spin (>40 TT) and high excitation energy (>20 MeV).
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Despite very good evidence for this interpretation from the properties of y-ray energy spectra and
from theoretical calculations (I. Ragnarsson et al., Phys. Rev. Lett. 74 (1995) 3935), a measurement
of the lifetimes of the highest-spin states in the terminating bands would represent definitive proof.
Such a measurement is unusually difficult, owing to the low intensity of the y-ray transitions close
to termination (less than 0.5% of the intensity of low-spin transitions) and the high energies of the
top-most transitions (nearly 3 MeV). These high energies result in (i) low detection efficiency, (ii)
broad peaks in the energy spectra, compounded by the high recoil velocity, ~ 4.7% the speed of
light, and (iii) transitions which are still fast compared to the slowing-down time of the recoiling
nuclei in the target plus backing, despite an expected decrease in the transition quadrupole moments
with increasing spin.

An experiment was undertaken with the 87c spectrometer to measure the lifetimes of high-spin
states in 109Sb and 108Sn via the Doppler Shift Attenuation Method (DSAM). The two isotones
were populated with the same target-beam combination, utilizing the 54Fe (58Ni, 3p) and 54Fe (58Ni,
4p) reactions at 243 MeV. The target was a -580 ng/cm2 layer of enriched 54Fe on a ~25-mg/cm2

thick layer of Au. Approximately 700 x 106 events were acquired with a BGO inner-ball fold of
K>8. Based on the compression scheme of Cromaz (M. Cromaz, Proc. of the Conf. on Physics
from Large y-ray Detector Arrays, Berkeley, August, 1995, Vol. 1, p. 142), specialized software
was developed which allowed the data to be sorted into 16 4096-by 4096-channel y-y matrices
simultaneously on a Sparc 10 workstation, simplifying the task of obtaining spectra gated on various
combinations of Ge detector angles.

Data analysis is progressing on three fronts. Firstly, the lineshapes of transitions between collective
states at low-to-medium spin (10 n"-to 30 "FT) are being analysed at the University of Toronto, in
order to measure the difference in quadrupole moments related to occupation of the 7th11/2 intruder
orbital in 109Sb. Secondly, the directional correlation ratios for transitions which de-excite the
intruder bands in 108Sn are being analysed at the University of York (U.K.), in order to establish
firm spin and parity assignments. Thirdly, the centroids and lineshapes of transitions from high-
spin states (>25 TT) are being analysed at Chalk River, in order to measure the lifetimes of states
in the terminating bands, as close to termination as possible.

3.1.13 Search for Superdeformed Bands in 130Ce

J.N. Wilson, S. Flibotte, G. Hackman, S.M. Mullins, J. Nieminen and
J.C. Waddington (McMaster Univeristy)
G.C. Ball, A. Galindo-Uribarri, V.P. Janzen, DC. Radford and D. Ward (Nuclear
Physics Branch)
M. Cromaz, T. Drake and J. de Graff (University of Toronto)

The discovery of the first superdeformed band in the A-130 region was in 132Ce (A.J. Kirwan et
al., Phys. Rev. Lett. 1987 (58) 467). In this nucleus the superdeformed shape is stabilised by a
pair of highly alignable i13/2 neutrons, which intrude below the Fermi surface at a quadrupole
deformation of P2 ~ 0.4.
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It was thought that the phenomenon of superdeformation was unlikely to be observed in the mass
A -130 region at or below N = 72 due to the absence of such intruder orbitals at the Fermi surface.
However, it has been shown recently that the N = 72 shell gap is sufficient to stabilise the
superdeformed shape in the nuclei 131Pr, 129Pr, 133Pm and 129Ce (A. Galindo- Uribarri et al., 1994
Phys. Rev. C. (50) 2655), which do not have intruder orbitals occupied. The quadrupole moments
and dynamic moments of inertia for these bands have similar values to the well known
superdeformed bands above N = 72. However, these newly discovered bands exist at low spin,
and are linked with the normal-deformed level scheme (i.e. the decay out of the band does not
disperse into many pathways).

In this work we studied the nucleus 130Ce which lies at the boundary between intruders occupied
and intruders not occupied. To achieve a greater understanding of the role of intruder orbitals in
stabilizing the SD shape, a search was conducted for both types of band.

The experiment was performed with the 8rc y ray spectrometer. High spin states in 130Ce were
populated with the 100Mo (34S, 4n) reaction at a beam energy of 145 MeV, providing a classical
grazing angular momentum of 4,,ax = 45Tf, and a compound nucleus excitation energy of 40 MeV.
A total 474 million y-y coincidence events were recorded on magnetic tape with a BGO Ball
multiplicity of K > 6.

The beam energy was a compromise between the need to populate superdeformed bands without
intruder orbitals occupied {^^ ~35Tf), and to populate superdeformed bands similar to those
observed in the heavier Cerium isotopes with intruder orbitals occupied {^^ ~50tT).

The previously known level scheme of 130Ce (D.M. Todd et al, 1984 J. Phys. G (10) 1407) has
been greatly extended (see figure 3.1.13.1). The yrast band has been observed to a spin of 28+,
and no evidence for the predicted h11/2 neutron crossing was found. The strongly-coupled band
built on the 150ns K = 7' isomer has been extended up to spin 29", and the gamma band up to a
spin of 24+. In addition four new bands linked into the normal deformed decay scheme have been
observed. None of these bands have the high moment of inertia characteristic of superdeformation.

A scan of the y-y matrix for regularly spaced structures revealed a single SD band with an
intensity of approx. 0.5% of the 2+ - 0+ transition (see Figure 3.1.13.2). This band extends from
840 keV over 10 transitions with a very constant spacing of about 70 keV similar to other SD
bands in the region. The incremental alignment reveals that the band is identical to the 131Ce yrast
band at the 1/2 way points (see Figure 3.1.13.3).

It has been possible to assign the band to 130Ce by taking linear combinations of matrices created
by gating on different parts of the BGO ball multiplicity and sum energy distributions. In this way
an almost "pure" 4-particle evaporation channel matrix could be separated from the total data set,
with a modest reduction in statistics. It is observed that the band appears in this matrix and not
in the "pure" 3 particle and 5 particle matrices. Furthermore, the other identified 4 particle
evaporation channels (130La and 127Ba) are not populated with sufficient strength, hence it is
concluded that the band belongs to 130Ce.
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130Ce

no.Figure 3.1.13.1: Level scheme for Ce proposed in this work.
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The fact that the new band in 130Ce is identical to that of the yrast band in 131Ce, and that its
intensity is similar to that of the excited band in 131Ce (Y.-X. Luo et al, 1988 Z. Phys. A. (329)
125) suggests that it has a similar intruder configuration to that in 131Ce (i.e. 1 neutron in the
[660] 1/2+ orbital).

TRS calculations for the vacuum configuration of 130Ce demonstrate that a second minimum at a
large deformation does not develop until high rotational frequency (If© = 0.57MeV). To produce
a second minimum which persists down to frequencies of TTco = 0.4MeV it is necessary to use an
excited configuration.

Cranked shell model calculations, using the universal Woods-Saxon potential were performed to
produce the single particle Routhians for neutrons using deformation parameters obtained from the
TRS calculations (see Figure 3.1.13.4). It is apparent that the particle excitation must be from one
of three possible orbitals, [411]l/2+ (positive signature), [523J7/2- (both signatures) into the
deformation driving [660] 1/2+ intruder orbital.

fc= 0.371 04= 0.015 T= 2.9
13OCe(N = 72, Z = 58)
(x,ot): solid=<+,+l/2), dotted=(+,-l/2).dash-dotted=(-.+l/2). dashed=(-.-l/2).

-8.0

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
hco (MeV)

Figure 3.1.13.4: Single particle routhians for neutrons in 130Ce at the deformation parameters
given.
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The [411J1/2+ orbital has an approximately constant aligned spin of+1/2 1T, and a particle-hole
excitation from this orbital would create an identical band to that of the 131Ce yrast band at the 1/2
way points (as observed), however, as in other cases of identical bands, the effect of the scaling
in mass (130/131)5/3 is ignored in the interpretation.

The same problem that exists for other cranked shell model calculations for this region is seen here,
namely, a single set of deformation parameters appears to predict the incorrect ordering of the
Routhians. It seems that for this example, the cranked shell model calculations fail to explain why
the more energetically favourable excitations from both signatures of the [523J7/2- orbital were not
observed in the data.

So far we have failed to find a candidate for a co-existing SD band not involving the intruder
orbital.

3.1.14 Search for Hyperdeformation in 146147Gd

A. Galindo-Uribarri, H.R. Andrews, GC. Ball, V.P. Janzen, T. Nakatsukasa,
DC. Radford and D. Ward (Nuclear Physics Branch)
S. Flibotte, G. Hackman, S.M. Mullins and J.C. Waddington (McMaster)
M. Cromaz, J. DeGraaf and T.E. Drake (Toronto)
D. Bazzaco, D. Fabris, S. Lunardi, N. Medina, G. Nebbia, C. Rossi-Alvarez and
G. Viesti (Padova)
M. Cinausero, G. de Angelis, M. De Poli, E. Fioretto and G. Prete (Legnaro)

A Canadian-Italian collaboration of 26 scientists participated in a search for hyperdeformation in
146-147Gd at Italy's National Institute of Nuclear Physics, INFN, in Legnaro. The eight-day
experiment, led by TASCC researchers, used the GA.SP gamma-array spectrometer and ISIS, a 4%
particle-detector array. This experiment was approved by the Program Advisory Committee at the
highest priority.

Preparations at TASCC for the experiment included:

- production of a 51V beam from a cesium sputter source
- charge-state distribution measurements
- a measurement of the excitation function for the reaction 51V on 100Mo between 225 and

240 MeV with the 8TT spectometer and miniball
- replay of 230 MeV data, generating p- and a- gated matrices
- analysis of previous GASP data, and
- manufacture of 100Mo targets on INFN frames
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3.1.15 Precise Lifetime Measurements For Superdeformed Bands In 148Gd and 149Gd.

D. Ward, G.C. Ball, A. Galindo-Uribarri, V.P. Janzen and D.C. Radford (Nuclear
Physics Branch)
J.C. Waddington, S. Flibotte, S.M. Mullins and G. Hackman (McMaster University)

In collabration with large groups from CRN Strasbourg and other institutions in France, Poland and
the UK, an experiment was performed at CRN Strasbourg, with the large y-ray spectrometer
EUROGAM II. The objective was to measure lifetimes for superdeformed bands by DSAM in
148Gd and 149Gd populated in the reactions 124Sn (30Si, 6n/5n) at 158 MeV incident energy. The
target comprised a layer of 124Sn (~1 mg cm'2) evaporated on a gold backing (-10 mg cm'2).

Analysis of the data in Strasbourg revealed that the highest spins in the yrast superdeformed bands
did not exhibit the expected maximum Doppler shifts, and it was subsequently discovered that
under bombardment with the Si beam, the tin and gold layers of the target had diffused into one
another. This effect invalidated the experiment. The experiment was repeated with a target that
used an evaporated aluminium layer (-50 ugm cm"2) as a buffer to prevent diffusion.

The Canadian component in the analysis of the new experiment has been to extract lifetimes from
centroid shifts evaluated in Strasbourg. Preparation of triple-gated histograms from unpacked 4 -
fold and higher-fold data proved challenging. The gates initially had to be placed at predicted
positions deduced from postulated lifetimes, since until a histogram showing transitions of the
superdeformed band could be pulled out of the data, the positions of the gates could not be decided
experimentally. Thus, many iterations had to be performed.

The lowest four superdeformed bands of 149Gd could be analysed; higher lying bands proved to
be too weak. A paper on this work is presently being prepared.

3.1.16 Structure of 152Sm

J.C. Waddington, D. Hyde, S.M. Mullins, J. Nieminen (McMaster University)
S. Flibotte (McMaster University and TASCC)
V.P. Janzen, D. Radford and D. Ward (Nuclear Physics Branch)

The gamma-ray decay of states in 152Sm has been studied with the 871 spectrometer. A beam of
1130 MeV 209Bi from the TASCC facility bombarded a 2.6 mg/cm2 foil of enriched I52Sm.
The experimental techniques were similar to those developed for a Coulomb excitation study of
^ U (PR-TASCC-09: 3.1.22; AECL-11239). However, since the stopping power of samarium
is much less than that of uranium, the target foil was backed by 50 mg/cm2 of gold. This
allowed the observation of transitions in 11 rotational bands.
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152Sm is a shape-transitional nucleus with low-lying P, y and KTI = 0" and 1" octupole bands
[J. Konijn et ah, Nucl. Phys. A373 (1982) 397]. As expected, the ground state band and all of the
vibrational hands were populated by multiple Coulomb excitation and most of the bands could be
extended to higher spins than known previously. Near spin 14, the P-band is crossed by another
band which becomes yrast at spin 18.

Two sets of strongly coupled bands were excited despite the fact that these structures have
relatively high K* values (5" and T). A near energy degeneracy at spin 10 results in strong decays
between these bands.

States in ls lSm and 153Sm were populated through single neutron transfer reactions. Higher spins
were excited in the latter since 153Sm is more deformed than 151Sm.

Analysis is continuing.

3.1.17 Vibration Excitations in High-Spin Superdeformed 190192194Hg

Takashi Nakatsukasa (Nuclear Physics Branch)
Kenichi Matsuyanagi (Kyoto)

We have investigated collective excitations (y and octupole vibrations) in the superdeformed even-
even mercury nuclei with a microscopic model based on the RPA in the rotating frame. The K
= 2 octupole states are predicted to be the lowest excitation modes (Ex« lMeV) at©rot = 0 while
the y vibrations are found at higher energies (Ex * 1.5MeV). At finite rotational frequency, the
interplay between rotation and vibrations produces various behaviors as a function of rotational
frequency. The lowest octupole phonon is rotationally aligned in 190Hg, it is crossed by aligned
two-quasiparticle bands in 192Hg, and it shows neither signature-splitting nor crossing in 194Hg.
From a comparison with experimental data for dynamic moments of inertia (see Figure 3.1.17.1),
it is proposed that most of the observed excited bands may be based on the K=2 octupole
vibrations built on the superdeformed shape. Proposed band assignments are as follows:

Band 2 (190Hg)
Band 4
Band 2 (192Hg)
Band 3
Band 2 (194Hg)
Band 3

(K",ct) = (2M) state,
(K",a) = (2",0) state,
(K*,a) = (2\1) state,
(K",a) = (2\0) state,
(K*,a) = (r,0) state,
(K",a) = (2M) state.
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Figure 3.1.17.1: Calculated (solid lines) and experimental (symbols) dynamic moments of inertia
for excited SD bands in iyoHg (left), 1V2Hg (middle) and 194Hg (right). Experimental points are
joined by faint solid lines. Dotted lines indicate experimental f2*-values oftheyrast SD bands
which are approximated by the Harris formula. The parameters Jv Jj and J2 are written in
units oftfMeV1, T^MeV3 and T^MeV5, respectively.
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3.1.18 Rotational Bands in 232Th

D. Ward, T. Nakatsukasa, DC. Radford, A. Galindo-Uribarri, V.P. Janzen (Nuclear
Physics Branch)
J.C. Waddington, S. Flibotte, S. Mullins, J. Nieminen and J. Wilson (McMaster
University)
T. Drake, M. Cromaz and J. de Graaf (University of Toronto)

We have studied the y-ray spectroscopy of states in 232Th populated by Coulomb excitation with
a ^ ^ i beam at 1330 MeV. The target foil was -50 mg cm"2 thick, and prepared from natural
thorium. Spectroscopy was performed with the 8TC spectrometer with an event trigger requiring at
least two HPGe (Compton Suppressed) and at least three BGO ball elements to fire in coincidence.

The data were replayed into 4k x 4k y-y coincidence matrices with conditions on the number of
hits, K, on the BGO ball. Results with K>3 (-100 M events) and K>6 (~ 41 M events) were
investigated. In most respects this experiment was a repeat of our ^ U study (PR-TASCC-9:
3.1.24; AECL-11239) the main difference was that in this experiment we covered the target
chamber with cadmium foil to attenuate y-radiation with energies less than -100 keV. This
removed one constraint on the counting rate namely, the HPGe singles rates, and for this reason
we were able to acquire approximately three times as many events in the 232Th experiment.

By setting gates in the y-y matrices we have identified 16 rotational bands in the data set labled
Bands A through P in Figures 3.1.18.1 and 3.1.18.2. The ground state rotational band was known
previously to spin 30+ (Band H) and the K=0" octupole to spin 27" (Band I) (R.S. Simon et al
Phys. Lett. 108 B (1982) 87). We have extended the K=0" band to spin 31" in this experiment (cf
Figure 3.1.18.2 and Figure 3.1.18.3). The spin 30+->-28+ transition was given as 530.5 keV by
Simon et al whereas we assign 538 keV (Figure 3.1.18.3). Bands F and G are the two signature
partners of the K = 2+ y-vibrational band known previously to spin 11+ and 18+ respectively (W.
Korten et al. GSI-87 (1987) 25) and now extended to spin 23+ and 30+. Band C is the K = 0+

beta-vibrational band which we have not extended beyond the previous work (W. Korten loc. cit).

We observe the 6+ state of the K = 4+ double - y-vibrational band and confirm the decay properties
previously given by Korten. (W. Korten et al Phys. Letts. B (1993) 19). In our experiment we
see for the first time the rotational band (both signatures) built on the double -y- phonon (Bands
D and E). Bands A and B are signature partners of a previously unobserved structure, possibly
built on a two-quasiparticle excitation, however, some collectivity must be present for it to have
been populated.

We tentatively assign bands J and K as signature partners of the K = 1" octupole phonon. The
routhian for Band J smoothly extrapolates to that of the previously known 3", 5" states
(F.K. McGowan and W.T. Milner Nucl. Phys. A562 (1993)241) at 1106 and 1209 keV
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Figure 3.1.18.1 The proposed level scheme for 232Th showing positive parity assignments.
Levels without connecting transitions were not populated in this experiment



3-28

Band I

Band H ~̂

30*

20*

538

453

502

28*

26*

24*

22*

5

4

4

1

6

17

5

479

457

29"

25"

435_u
Band J

Band L B a n d N B a n d P

BandM B a n d °

433

420

410

394

382 398

352 365

365

3}7 j l

333

| ° 237

O-5 J -

M5 121

257

214

168

T20

382

349

•T 328 | 307+-H--+- -f-
279 2 8 6 T 259

223

154

417

T
358

195

Figure 3.1.18.2 The proposed level scheme for 232Th showing negative parity assignments
(Bands I, J and K) and bands not assigned to 232Th (Bands L, M, N, O and P). Levels without
connecting transition were not populated in this experiment
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TABLE 3.1.18.1

Relative Intensities of the Bands Seen in This Work. Data Taken with Kn_n >3BGO

Band

A

B

C

D

E

F

G

H

1

J

K

L

M

N

0

P

Most Intense

y-ray(s) keV

308

287

325 + 597 + 943

302

285

307 + 465 + 811

316 + 634 + 980

270

286 + 302 + 648

264 + 433 + 795

320 + 618 + 921

317

286

297

307

247

Decay

Intensity

0.18

0.1

0.5

0.05

0.05

1.2

2.6

=100

11.0

0.7

0.5

0.25

0.25

0.25

0.13

0.16

Assignment

(a = 0) (K = 9)?

(a=1)

P- vib band K = 0+

(a = 0)} double-y-band K = 4+

( a = 0 ) } Y - v i b b a n d K = 4*

Ground state band K = 0+

Octupole vib band K = 0"

(a = 0)} o c t u P ° l e v i b b a n d K - l"

(^Th a = +1/2) K = 5/2+

230Th ground state band K = 0+

(^Th a = -1/2) K = 5/2+
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respectively and shown in Fig. 3.1.18.2. The routhian for Band K strongly suggests it is the
signature partner.

The five bands denoted L through P (cf Fig. 3.1.18.2) are unassigned: their characteristics are very
similar to the two unassigned bands seen with the ^ U target, and suspected to be from transfer
reactions. Of these bands, only Band M can be assigned from the nuclear data base: its energies
agree with the ground state band of 230Th. Bands L and N are possibly signature partners, and we
note that their routhians (suitable shifted in energy) fit very smoothly with those for the two
signature partners of the K = 5/2 ground state band of ^Th . Unfortunately this band is known
only to spin ll/2+. In this scenario y 145 keV of band L would be 13/2+ - • 9/2+ and y 168 keV
of band N would be 15/2+ -» ll/2+.

The intensities and assignments of the bands is summarized in Table 3.1.18.1.

Although the structure of low lying excitations in 232Th has clear parallels with those of ^ U , even
the most cursory inspection of the data reveals many profound difference. For example, the
branching ratios from the K = 0" octupole band to the ground band in 232Th show that B(E1; J—>J-1)
values are suppressed by about two orders of magnitude compared with the corresponding B (El;
J—»J+1) values. In 238U, these reduced transition probabilities are approximately equal.
Furthermore, in 232Th, the K=l' bands decay strongly to the ground state band by El transitions,
whereas in ^ U , these El transitions are highly suppressed so that the K=l" band decays mainly
by M1/E2 transitions to the K=0" octupole band.

3.1.19 Production of a 163Ho Source for Possible Neutrino Mass Measurements

D. Deptuck (Queens University)
B. Sur (Neutron and Condensed Matter Science)
E. Hagberg and M. Watson (Nuclear Physics Branch)

The mass limit for the electron anti-neutrino is very small, whereas that for the electron neutrino
is less than 223 eV. This limit is derived from measurements of the inner bremsstrahlung electron
capture (IBEC) spectrum of 163Ho. The beta-decay Q-value of this nuclide is small, but very well
known, and measurements of the N to M electron capture ratio then yield the neutrino mass limit.
A significant improvement could be obtained by a measurement of the M, to M2 capture ratio, but
the resolution of standard detectors is not adequate to perform such a measurement. We propose
to use the newly developed technique of cryogenic micro-calorimetry to accurately measure this
ratio.

A stack of 16 164Dy targets was irradiated with 300 mC of protons to produce 163Ho through the
164Dy (p,2n) reaction. With a calculated value for the cross section we should have produced
3.1013 atoms of 163Ho (or 9 ng), which should be more than adequate to perform the micro-
calorimeter measurement. The targets are presently being assayed and some of them are being
processed in a column to separate the 163Ho content.
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3.1.20 Resonant Coherent Excitation (RCE) of Hydrogen-like 28Si Ions Channeled in
a Thin Si Crystal

J.S. Forster, G.C. Ball, W.G. Davies and J.S. Geiger (Nuclear Physics Branch)
J.U. Anderson (Aarhus University)
J.A. Davies (McMaster University)
H. Geissel and F. Nickel (GSI, Darmstadt)

In previous reports (PR-TASCC-7; 3.1.32; AECL-19028 and PR-TASCC-9; 3.1.28; AECL-11239)
we presented preliminary results for resonant coherent excitation (RCE) of hydrogen-like ^Si ions
channeled in a thin Si crystal. In this report we present the results of a highly successful RCE
experiment on 28Si13+ ions channeled along the <111> and <112> axes of a thin Si crystal.

As in the earlier experiments, a 27 A MeV ^Si12"^ beam from the TASCC cyclotron was stripped
and degraded by A<! foils which allowed the beam energy to be varied between 19.8 and 26.5 A
MeV. The energy loss spectra of 28Si14+ and 28Si13+ ions exiting the crystal were measured in two
resistive-wire counters in the focal plane of the Q3D magnetic spectrometer. A plot of the ratio
of 13"7(13+ + 14+) ions as a function of beam energy clearly showed the An = 1 (K-»L), 2 (K-»M)
and 3 (K-»N) resonances very close to their predicted beam energy values, for channeling along
both <111> and <112> axes. For both axes, the width of the An = 3 transition was approximately
twice that of the An = 1 and 2 transitions. Simple Bohr scaling (N2/Z) of the electronic shell radii
leads to an N-shell radius for the moving ion almost twice that of the M-shell which, for Si, will
extend well into the region of large electron density regardless of where it is formed in the channel.
This results in a greatly reduced lifetime for the An = 3 transition and hence an increase in width.

To examine the effect of position in the channel on the RCE process we set windows on the 13+

and 14+ energy-loss spectra for the same fraction of random energy loss and plotted the surviving
13+ fraction as a function of energy. For the well-channeled ions, the resonances are weak and
narrow as would be expected qualitatively, since the ions are well away from the strings. Poorly-
channeled ions, on the other hand, experience a much stronger field and greater electron density
since they are moving much closer to the atomic strings. This results in a Stark splitting of the
2s2p states which was clearly observed for the strong An = 1 resonance.

3.1.21 Radiation Damage in Metals Caused By Electronic Stopping of High-Energy
Heavy Ions

J.S. Forster, J.S. Geiger and J.J. Hill (Nuclear Physics Branch)
J.A. Davies (McMaster University)

In a previous report (PR-TASCC-9: 3.1.32; AECL-11239) we described the first experiment at
TASCC to study radiation damage in metals created by electronic stopping, which dominates for
GeV heavy ions. In that experiment we obtained resistivity data for Te, Zr-2.5%Nb and Zr-20%
Nb which were in the form of 4 urn thick "ribbons". Unfortunately, the results were plagued by
problems of reproducibility of the resistivity measurements.
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The purpose of these experiments is to learn about the mechanism which creates damage. Two
models have been used to explain the observed damage: 1) ion-induced thermal spikes, where the
ion tracks form heated or molten cylinders of metal and (2) ion-created Coulomb explosion or
shock waves, caused by mutual repulsion of target ions along the projectile path. In the present
experiment we determined damage rates from resistivity measurements on Ti and Zr foils. Two
types of Ti and Zr foils were used, namely ones that had been plastically deformed by cold rolling
and ones that had been annealed for 24 hours in vacuum, after cold rolling, to remove the damage
created in rolling the foils to the desired thickness. The idea behind the experiment was to attempt
to learn which of the two models is more appropriate. If the thermal spike mechanism dominates,
the resistivity increase should be lower for the annealed metals because the thermal spikes should
reduce plastic deformation; if the shock wave dominates, the resistivity should increase more for
annealed metals because of the creation of extra defects.

Foils of Ti and Zr were rolled to a thickness of approximately 10|im. The foils were then cut into
ribbons, which were 15mm long by approximately 0.75 mm wide. Several of these Ti and Zr foils
were annealed at 800°C, for 24 hours, in vacuum. A new holder was used to mount the foils.
The foils were placed on a printed circuit board and clamped in position. Spring-loaded metal
contacts were used to pass current through the foils and to measure the voltage drop across the
central 10mm section of the foils. Four foils could be mounted in the beam at a time and we used
pairs of Ti and Zr foils i.e. one cold-rolled and one annealed foil of each of Ti and Zr.

The foils were bombarded by a 14A MeV beam of 197Au ions. The beam profile was first
observed on a quartz and defocussed to fill the 7mm by 6mm aperture directly ahead of the foils.
Resistivity measurements were made, with the foils held at a temperature of 40K, every 1011

ions/cm2. After a total dose of 5 x 1012 ions/cm2 we carried out isochronal annealing of the foils.
We again had problems with reproducibility of the resistance measurements.

Detailed analysis of the data is proceeding. We are also investigating better methods of making
electrical contact to the foils for future experiments.

3.1.22 Elastic Recoil Detection (ERD) Measurements With a Large Solid-Angle,
Position-Sensitive Ionization Chamber

IS . Forster (Nuclear Physics Branch)
J.A. Davies, R.Siegele and S.G. Wallace (McMaster University)
G.A. Sims (Neutron and Condensed Matter Branch)

The large solid-angle, position-sensitive ionization detector described in the previous report (PR-
TASCC-9: 3.1.30; AECL-11239) has been used for near-surface analysis of a variety of samples.
A total of 4 days was used in this reporting period and all experiments used a 230 MeV 209Bi beam
from the Tandem accelerator.
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ERD measurements include:

Compositional studies of dinosaur bone fragments in collaboration with P.J. Currie, Royal
Tyrrell Museum and D. Zelenitsky, Univ. of Calgary.
Studies of thin group IV optoelectronic ternary alloys (Sij.x.yGexCy) and Co/Ti silicide layers
on Si in collaboration with J.W. Mayer, Arizona State University.
Depth distribution measurements of H,D,C,O,A1 and Fe in various Zr alloys in collaboration
with L.M. Howe and D. Khatamian (Reactor Materials Research).
Depth distribution measurements of H,D,C,0 and F in thin foils of Zr-2.5wt%Nb which had
been corroded in a 0.1% NH4HF2 in D2O solution.
Investigation of the oxygen contamination level in the thin carbon target used in pionic fusion
studies by D. Horn et al.
A series of measurements on optoelectronic materials in collaboration with the Centre for
Electrophotonic Materials and Devices (CEMD) group at McMaster University.

3.1.23 Fission-Fragment Radiation Damage Simulation with TASCC Tandem Beams

H.R. Andrews (Nuclear Physics Branch)
P. Lucuta and R.A. Verrall (Fuel Materials Branch)
Hj. Matzke (Institute for Transuranium Elements, Karlsruhe, FRG)

A two-day run was used to investigate the effects of implantation depth and hyperstoichiometry
on gas release from UO2 and Simfuel. It was found that gas release was higher for the
hyperstoichiometric samples, which can be explained by the higher temperatures along the fission
track arising from the lower thermal conductivity of the oxidized samples. Preliminary analysis
of the gas release data indicates that the radiation-enhanced diffusion coefficients for Kr are almost
an order of magnitude higher than those for self-diffusion of U in UO2.

3.1.24 Single Event Effect Studies at TASCC

H.R. Andrews, J.S. Geiger and V.T. Koslowsky (Nuclear Physics Branch)
H. Schmeing (TASCC Accelerators and Development Branch)
T. Cousins (Defense Research Establishment Ottawa)
W. Stapor (Naval Research Laboratory)

An 8-day "Showcase" run was held to demonstrate the usefulness of TASCC beams for single
event experiments. Representatives of a number of Canadian and US companies and government
organizations brought integrated circuit elements for testing. Over the 8-day period three cyclotron
(1920 MeV l97Au, 1905 MeV 127I, and 2001 MeV 58Ni) and two Tandem-only (282 MeV 58Ni and
266 MeV 197Au) beams were used.

Improved diagnostics based on a position-sensitive photomultiplier tube were also tested. The tube
was fitted with a thin plastic scintillator and a precision mask so that in a single measurement, a
map of the beam distribution over an area of about 3 cm x 3 cm could be obtained. This
facilitated beam-tuning and the acquiring of beam-uniformity data.



3-35

3.1.25 Least-Squares Fitting with Lagrange Multiplier Constraints

W.G. Davies

It is sometimes necessary, or convenient, to include constraints in a maximum-likelihood or least
squares problem. Although one can reduce the number of unknown parameters by the number of
equations of constraint through the elimination of variables, it is usually easier and more elegant
to use the method of Lagrange multipliers. The attraction of the Lagrange multiplier method is that
it treats all variables in a symmetric manner, and furthermore does not require inversion of the
equations of constraint, which might be difficult. A paper is in preparation in which the Lagrange
multiplier method is used to include a system of equations of constraint in the theory of least
squares; in particular the covariance matrix and its properties are elucidated.

Consider a set of measurements, i e R"1, with associated standard deviations a e R™ of a
probability function, y(x,t) e R"1, described by n parameters x e R" with t e R™, the set of
independent variables. We assume a Gaussian distribution of errors, so that the maximum
likelihood is reached when

= TeWe

is a minimum. The residuals, c; = ^ - yit e € R™ and weights, Wjj = S^o^"2, W € RmxRm have
their usual definitions; the superscript T denotes the transpose. The matrix W is diagonal because
we assume that the measurements are statistically independent. If we have q < n equations of
constraint, f(y) = 0, f e R*1, (1) can be written

S2 = TcWe + 2TXf(y) (2)

where X e R*1 is the vector of Lagrange multipliers. An extremum of (2) occurs when the
differential or 1-form of S2 vanishes.

dS2 = d(TeWe + 2TJtf(y)) = [ -TeW + TXa/(y)] Kdx = 0, (3)

where
K = axy, K e R m x i r (4)

and dy, dx are derivatives with respect to the elements of y and x, respectively. We assume that K
has rank n, near the minimum. Eq. (3) provides n equations in n+q parameters.

Nevertheless, this equation can be cast in standard the standard form:

g = Adx (5)
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which can be inverted to obtain the formal solution

dx = A-'g, (6)

where Tg = Tc0\VK - TXBK, A = TKWK, Te0 =
 T«! - y0), y(x) = y(x0) + 3^r(x)|rtdx - with dx =

(x - XQ), dx e R". We expand f(y) in a Taylor series f(y) = f(y0) + ^(yj l^dy + , where we note
that dy = Kdx e R"1. We can rewrite f(y) as f0 + Bdy = 0, where B = dj e R^R111 and f0 = f(y0)

G R<.

The Lagrange multipliers are obtained from the equation df = 0, which leads to

[-TeW + TXB] = 0. (7)
This gives us m equations in n+q unknowns. Unfortunately, X cannot be obtained directly from (7)
since the qxm matrix B is not usually invertible. However, (7) can be solved for Te, yielding

Te = TABW\ (8)

which will allow us to obtain X from f = 0. The result is

TX = Tb(BW1TB)-1. (9)

The variance and covariance of the parameters x are defined as the expectation value of the
product-moment about the mean, which we write as

Cov(xy,xo) = <(x^ - Xy )(xu - Xy)> = <dxydxu>. (10)

The denotes the expectation or mean value of the parameter. After considerable analysis, we
obtain the result

G=< T eWe>A' 1 AA' 1 . (11)

where (A), = ZTKjaWcca K^ with K= TEK, and W = TE(W - TBCB)E; E is the matrix that

diagonalizes W.

The n*n elements of G are the variances and covariances of the parameters x; G has rank n-q and
is thus not invertible.

The matrix G has the following interesting property: if the Jacobian, 5(ft ...fq)/6(xj ...xq) is not zero
for all combinations of the parameters (as is often the case), then any submatrix G" of G, formed
by striking out any q rows and the associated q columns, has |G"| ^0, i.e. it has rank n-q even
though |G| = 0.
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3.2 INSTRUMENT AND FACILITY DEVELOPMENT

3.2.1 Target Laboratory

P. Dmytrenko, M. Moreau and H.R. Andrews
(Nuclear Physics Branch)

In the first half of 1995 the target laboratory staff prepared various targets and thin films for
Nuclear Physics Experiments at Chalk River. The TASCC Accelerators and Development Branch
was routinely provided with ion-source materials and carbon stripper-foils for the Tandem
Accelerator and for the Superconducting Cyclotron. Stretched polypropylene films were fabricated
and subsequently aluminized or coated with conductive and resistive films for use in the AMS
Bragg Detector. Cyclotron foils from Germany were also mounted for testing. Other branches at
Chalk River were provided with prepared materials and film coatings.

A) Targets and coatings prepared for Nuclear Physics experiments:

1) Natural Elements: Al, Au, B, C, Cu, Ca, Zr, Nb, PbS, Ru, Tb, Tm, Lu, Ta, Ag, Fe, Ti,
Mg, Ho, Th, Nd, Eu.

2) Stable Isotope Targets: 70Ge, 116Sn, 100Mo, ^Ca, 110Pd, 154Sm, 54Fe, 118Sn, 152Sm, "Ru,
164Dy, ™Pb.

B) Services provided to other branches:

Zirconium alloy disks were coated with palladium for the Chemical Engineering Branch.

A silicon disk was coated with titanium for the Neutron and Condensed Matter Science Branch.

Mirrors were coated with aluminium for System Chemistry and Corrosion Branch.
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3.2.2 TASCC Experimental Computing Facility

G.C. Ball, R.E. Howard, G. Leblond, DA. MacKinnon, R. Roiha, G.A. Tapp and
M.A. Thompson

The Concurrent computer systems continued to be used extensively for data acquisition and
analysis. A pre-owned CCUR 3280 computer (CCUR 3280A) was purchased and installed to
replace the CCUR 3230. This upgrade gives us two essentially identical computer systems
satisfying the increased demand for on-line experimental data acquisition, computing power and
eliminating the necessity of maintaining two versions of the software.

Software development during the past six months continued to be seriously curtailed because two
of our real-time software personnel were required to work on the KRSKO project. In May,
G. Leblond, R. Roiha and M. Thompson were transfered from the Mathematics and Computation
Branch to Nuclear Physics. The move ensures the continued strong real-time software support for
TASCC.

New peripherals (e.g. a 4.3 GB disk and an 8505 Exabyte tape drive) were installed on the SUN
workstations. Weitek CPU upgrade chips were also installed in all SPARC2 workstations. These
additions improve the performance of the SUN network for data analysis. Two additional x-
terminals were purchased, including one high-resolution high-speed terminal to be used as the
primary terminal for on-line experiments.

The on-line goniometer software was extensively modified to interface the hardware recently
purchased to measure and automatically control the crystal temperature during heavy-ion
channelling experiments.

The design of a new data scanner based on a Bi-Ra model 1600 Smart Crate Controller with a
built-in list processor is near completion. Prototype modules are also under construction, (see
3.2.3).

3.2 J TASCC Experimental Electronics

R.E. Howard and G.A. Tapp

SUN Workstations

A new hard drive has been installed on CU-48. Also CU-48 and CU-50 have had new Weitek
'POWER UP' CPU's installed. A second SCSI board and an Exabyte 8505 tape drive were
installed on CU-66. Several of the NCD X-terminals have had their memory upgraded.
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New Data Scanner

Timing tests on the Bi-Ra model 1600 list processor show it to be capable of speeds necessary to
perform data handling tasks in a CAMAC-based acquisition system. The new scanner would use
CAMAC ADC's and eliminate the Canberra NIM ADC's currently in use. Gating and routing of
the coincidence and singles triggers would remain largely the same as in the present system and
will use some of the equipment built for the first new scanner. The system configuration has been
layed out and several modules are in various stages of design and construction.

Microstrip Detectors

The 8-channel board recieved from Philip Wilt at ARGONNE was built up by summer student
Jason Yamazaki. Testing for suitability is underway.

Miscellaneous Electronics

The last of the Chromatics terminals has been removed; all on-line graphics work is now being
done on the Sun SPARC stations.

The serial CAMAC highway has been extended to include another base unit by the Q3D
spectrometer. It has been mounted in a mini-rack along with a CAMAC crate and controller in
room 108 where the beam-line passes into room 109.

Penning Trap Electronics

Two NIM modules and one CAMAC module have been designed for the Canadian Penning Trap.
The two NIM units are a dual-channel fast-coincidence module and a dual-channel bistable module.
The fast coincidence module has 4 inputs per channel and the degree of co-incidence is selectable
from one to four inputs. The CAMAC module is a four-channel divide-by-two module with
CAMAC commands to enable/disable the unit as well as remotely set the inputs or pulse the
outputs. Completion of these units is slated for September 95.

CCUR Computers

The 3230 computer was removed and a reconditioned 3280MPS was installed in its place. After
initial testing, the only trouble point was the FIFO board which recieves data from acquisition. This
problem was alleviated by substituting faster logic IC's for the ones on the board. Subsequent
testing, after de-bugging of several small problems, has shown no data errors. Except for the lack
of a high density Exabyte(8mm) tape drive on the new 3280 (designated 3280A), the two
Concurrent computers are now virtually identical.
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3.2.4 A Penning Trap Mass Spectrometer for Short-Lived Isotopes at TASCC

G. Savard, E. Hagberg, V.T. Koslowsky, M. Watson and D. Beeching (Nuclear
Physics Branch)
J.C. Hardy (TASCC Division)
K.S. Sharma and R.C. Barber (University of Manitoba)
F. Buchinger, J.E. Crawford, S. Gulick, J.K.P. Lee and R.B. Moore (McGill
University)

Work towards completing the Penning trap mass spectrometer to be installed at TASCC
(PR-TASCC-8: 3.2.6; AECL-11132) has continued during the present reporting period. All lasers
have met their specifications, and the laser system is completed. A laser safety interlock system
was installed to protect personnel from the laser radiation present in room 204C (the laser barrack)
and room 112 where the laser ion source is located. The laser ion source itself is fully assembled.
The large ion source vacuum assembly is installed in the completed superstructure that will hold
the full spectrometer assembly. The vacuum system has been thoroughly tested and connected to
the ISOL helium-jet system. The fast sample movement on a collection wheel through the
differentially pumped section between the helium-jet collection point (at about 1 Torr) and the laser
interaction region (at about 10"6 Torr) is working according to calculations; the transfer time being
of the order of 200 ms. Tests on the laser resonant ionization of stable samples have started with
the resonantly ionized species counted with a microchannelplate detector at the end of the
time-of-flight section where the RFQ trap will be installed. On-line tests on unstable isotopes are
first scheduled in July.

Machining of the remaining parts of the spectrometer is progressing at all three institutions. The
machining of the spectrometer tube for the Penning trap is completed, as is the Penning trap itself.
Machining of the RFQ trap should soon be completed and the trap installed in September 1995.
The vacuum chambers connecting the different parts of the spectrometer are also being machined
and are all expected to be finished by the end of September 1995. Most of the electronics modules
for the control and data acquisition have been purchased or are being built in the electronics
workshops. The software development for computer control and data acquisition is progressing
but is still behind schedule. Another major item behind schedule is the 5.9 Tesla superconducting
magnet which was purchased from Nalorac for an April 1995 delivery. The delivery is already over
four months late.

The project is now about 70% completed. Assuming that no further delays occur in the delivery
of major pieces of equipment, the installation of the full mass spectrometer system should be
finished by the end of 1995.
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3.2.5 Progress in Accelerator Mass Spectrometry (AMS)

H.R. Andrews, W.G. Davies, V.T. Koslowsky, N.C. Bray, J.J. Hill, R.E. Howard,
P.J. Jones, B.V. Luloff, M.G. Moreau, L.V. Smith and T.G. Whan (Nuclear
Physics Branch)
B.F. Greiner, Y. Imahori, L. Lindstrom and J.W. McKay (TASCC Accelerators
and Development Branch)
R.J. Cornett, L.A. Chant, S. Kramer-Tremlay and G.M. Milton (Environmental
Research Branch)
J.C.D. Milton (Physical and Environmental Sciences)

During this reporting period there were 7 runs totalling 24 days of beam time, 12 days for 36C1
AMS measurements, 8 days for 129I AMS measurements and 4 days for technical developments on
the AMS ion source.

Our 36C1 and 129I AMS measurements on environmental samples supplied by the IAEA from a
region near a nuclear-fuel reprocessing faculty resulted in two reports for the Canadian Safeguards
Support Program, AECB. In collaboration with other scientists, AMS measurements have also
been made on samples of relevance to: 36C1 retention in organic matter such as tree rings, seeds,
lichen, moss and peat: understanding 3H and 36C1 depth profiles from ground water samples taken
at Sturgeon Falls, Ontario; Japanese ground waters as well as local well waters, local and regional
surface 36C1 distribution; 36C1 content in nuclear fuels and reactor components; an 129I
environmental-sample lab intercomparison sponsored by the IAEA and organized by LLNL; the
129I content in Chernobyl soils and vegetation.

Technical developments have focussed on ion-source development. One development deals with
the construction and commissioning of a new AMS sample changer/ion source while a second deals
with ion-source memory effects. These topics are addressed below in detail.

Ion Source Sample Changer

A new AMS ion source has been constructed and first tests completed with 36C1 standards and
blanks. Performance was identical to the old ion source, as expected, since only the sample
changing mechanism has been significantly altered. During this test, samples were manually
introduced into the ion source since the sample magazine was still under construction.

Sample Memory

The origin of sample memory in an AMS ion source has been addressed in two ways. First the
final location of the material sputtered out of the cone has been determined by assaying a
disassembled ion source for 82Br (t 1/2 = 30 hours) that was sputtered from an activated Ag82Br
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sample. This revealed that the majority of the sputtered Br was concentrated in two regions; one,
the aperture surrounding the sample and, two, the corner formed by the outer region of the aperture
plate and lexan heat-shield. No activity was found beyond the ionizer. The temperatures of source
components were measured in the new ion source to be: ~200°C midway towards the centre of the
aperture plate, ~70°C at the outer edge of aperture plate and ~100°C at the tip of the lexan heat-
shield.

In a second set of experiments, elastic recoil detection techniques, ERD, (PR-TASCC-9: 3.1.30;
AECL-11239) were used to determine the surface constituents and their thickness on a temperature
controlled stainless-steel substrate in the vicinity of the lexan heat-shield, while the ion-source was
operational. This required an ion-source to be mounted and operated at the end of a TASCC beam
line. These measurements detected an increase in Cs, Ag, Cl, F and Cu with time when the sample
was sputtered at substrate temperatures below 150°C. However, F was readily desorbed above
150°C, while Cl and Cs were desorbed above 300°C; the remaining elements were unaffected at
temperatures up to 400°C, the highest temperatures reached during these measurements.

The AMS ion source was subsequently altered so that the inner 3 cm of the aperture plate, formerly
stainless steel or thick Ta, was replaced by a 0.010" thick Ta aperture and thermally isolated from
the outer plate. Radiative heating by the nearby 1100°C ionizer caused this thin-walled aperture
to reach 35O°C which prevented adsorption of 36C1. In subsequent measurements, 36C1 blanks were
consistently below 10*15 36C1/C1 for the first time, and memory effects a lO'10 36C1/C1 sample were
reduced by more than an order of magnitude.

Further ERD measurements are planned to extend our knowledge of ion-source memory effects for
other elements of interest to AMS, such as iodine and carbon.

3.2.6 Progress on the Magnetic Field Model For the TASCC Superconducting
Cyclotron

G.E. Lee-Whiting (Neutron and Condensed Matter Science)
W.G. Davies (Nuclear Physics Branch)

During the last period, work has been directed at improving the trim rod model and further
simplifying all aspects of the magnetic field model so as to speed up computation of the vector
potential (PR-TASCC-8: 3.2.11; AECL-11132). Since there are 102 trim rods, the computation of
their effects could dominate the time required to generate the full vector potential unless highly
efficient methods were used. The method for calculating the vector potential for the trim rods is
as follows: 1) A multipole expansion is used for trim rods farther away than the minimum radius
of convergence of the expansion (the multipole expansion is convergent outside of a sphere
surrounding the volume of the extracted trim rods). 2) Inside of the minimum radius of
convergence of the multipole expansion , a moment expansion, similar to that used for the main
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coils, is used to generate the field. However, this moment expansion is much simpler and hence
much faster than that used for the coils. The reason is two-fold. First, the "coil" is a current sheet,
which eliminates one integration. Secondly, as the trim rods are a small perturbation to the main
field, fewer moments are needed. This moment expansion computation for the trim rods is about
10 times faster than the fastest earlier method, which involved a trapezoidal-rule integration of the
current sheet. It must be born in mind that the results of all computations must be expressible in
terms of analytic functions for differential algebra to be usable.

The major improvement to the computational speed of the main model resulted from replacing the
complex polygonal model for the pole "valleys" with a set of five strategically placed magnetic
monopoles. This reduced the computational time for the pole model by about 25%, not including
trim rods.

No further work is planned for the magnetic field model and the final improvements are currently
being incorporated into the orbit dynamics code DACYC.

3.2.7 Fixed Points, Bifurcations and the Anatomy of Resonances in Accelerators

W.G. Davies

Although it is easy to establish that a resonant condition may exist in a region of the phase space
describing a charged particle beam in an accelerator, it is not so easy to locate the positions of the
fixed points, the homoclinic or heteroclinic orbit (separatrix) or the topological properties of the
resonance. The trick is to extract the essential elements affecting the dynamics near a resonance
from the equations of motion for a complicated dynamical system. The approach described here
uses Lie-algebraic maps, with successive transformations to the normal form in action-angle
variables; the resulting "pseudo Hamiltonian" can be analysed to obtain the fixed points, the
homoclinic orbit, the resonant island width, and the effects of higher order nonlinearity, which can,
for example, lead to chaos.

Since Hamilton's equations, written in Poisson-bracket form naturally form a Lie algebra, it is
desirable to use the simplifications inherent in the Lie-algebraic treatment of Hamiltonian systems.
In particular, the solution of Hamilton's equations f = [f,H] can be written as a mapping in terms
of Lie operators

M = Mf ; Mf = e :f:; :f:g = [f,g]

which can be factored into the form

= M1M2M3M4 ... =e:fl:e:fi:e:fi:e:f4: .... e:fn: etc.
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where fn are homogeneous polynomials of degree n. For a closed orbit, the term fj vanishes, the
term f2 generates a linear mapping, and the term f3 generates a quadratic or sextupole-like mapping
etc. The power of the Lie-algebraic method lies in the fact that near a resonance, a factored map
can be transformed order-by-order into the much simpler Normal Form by the transformation N
= A MA'1. The symplectic map A is an n* order nonlinear canonical transformation that isolates
the tune shifts and resonances to nth order:

= An...A4{N= An ... AA AIA, MA,'l)AS t V ... AB_

Near the resonance (n© = 2k7t, n, k integers), the Campbell-Baker-Hausdorff formula can be used
to combine the factored Normal-Form operator into a single operator

where the "pseudo-Hamiltonian" h has the general form

h = 5J + SaeJ"72 + eJ11'2 cos(m(p) + • ; -n < m < n

Here, 8 = 2nd - k.o, the distance from the resonance, J is the action and cp the angle in
action-angle variables; c is the strength of the non-linear perturbation and a is a coefficient
computed as part of the normal form transformation. The fixed points of the resonance are found
immediately from [h,Q] = 0, where C, = (J,(p), the canonical coordinates.

Fig. 3.2.8.1 shows some results of calculations using these methods. Fig. 3.2.8.1 (a) shows a 7-fold
symmetric accelerator near the primary sextupole resonance; various values of the action are
shown, including the one showing the 7 resonant islands. The resonant islands are shown alone in
Fig. 3.2.8.l(b), and the Fourier spectrum of the iterated map is shown in Fig. 3.2.8.l(c), which
shows "period doubled" frequencies indicative of the development of chaos. That chaos may be
present is also indicated in Fig. 3.2.8.l(d) by evidence of intermittency. High-order iterated
resonances of a 4-fold symmetric map, driven by an octupole perturbation are shown in
Fig. 3.2.8.1(e) for various values of the action J; the innermost "square" contour lies near the
separatrix for the primary resonance of the system. The 10th order iterated resonance shows
connected islands similar to those of Fig. 3.2.8.1 (a) which appear to be chaotic. However, these
islands do not exhibit period doubling, although there may be a hint of intermittency. Thus these
islands are probably not chaotic.

These results indicate some of the power of these methods as well as the difficulty in determining
if a given system is indeed chaotic.
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Figure 3.2.8.1 (a) Phase-space plot (x, pj for a Hamiltonian with 7-fold symmetry and a pure
sextupole-like perturbation. (This is equivalent to one of the Henon maps.) Different orbits are
shown for different values of the action. The outermost orbit, which forms "islands", exhibits
chaotic behaviour, (b) The outermost orbit of Fig. (a) displayed by itself, (c) The Fourier
"power" spectrum of (b) plotted as a function of iteration number. The development of broad

frequency-doubled and period-doubled sidebands is an indicator of chaos, (d) The x coordinate
plotted as a function of iteration number showing intermittent frequency doubling, another
indicator of chaotic motion, (e) A plot similar to (a), but for a four-fold system such as the
TASCC cyclotron. Here, a Iff1-order resonance results from the "iterated octupole", which
exhibits structure similar to Fig. (b). However, these islands do not exhibit period doubling,
although there is a hint of internuttency, and these islands are probably not chaotic.
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3.2.8 TASCC Pages for the World Wide Web

D. Fox and A. Galindo-Uribarri (Nuclear Physics Branch)
L. Thomson and N. Towne (TASCC Accelerators and Development Branch)
M. Thompson (Mathematical and Computation Branch)

During the first six months of 1995 a set of pages was developed for inclusion on the AECL World
Wide Web (WWW) server. The pages were designed to provide information to both the general
public and to scientists.

The principal pages of interest for the general public are an updated version of the TASCC glossy
brochure. These pages are intended to provide a broad, low-level introduction to both the
accelerators and to the physics program at TASCC. An additional page has been written which
provides an overview of the various educational roles played by TASCC. Included in this page
is an opportunity for viewers to ask questions about TASCC.

Initial information, intended primarily for TASCC users and other scientists, includes a list of
recent TASCC publications and preprints, the TASCC newsletter, and the TASCC phone and
e-mail directory. Future additions will include a more detailed review of the physics program, the
TASCC beam list and operating schedule, information on how to request beam time, and
commercial products developed at TASCC.

It is anticipated that the initial TASCC WWW pages will be released to the general public in
August 1995. The TASCC WWW development group welcomes comments and contributions from
all TASCC personnel and visitors.
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4.1 CYCLOTRON

4.1.1 Operation

J.W. McKay

The cyclotron ran well in the period 1995 January to June. After a series of problems in the
previous six months, it was most satisfying that no experimental run was interrupted by any
failure requiring the pole to be lowered. Problems with the main magnet power supply
interrupted an 8K run in May, but time was made in the schedule to finish the experiment after
repairs were made.

In mis reporting period, cyclotron beam time increased to the extent that 34% of the beam
available time was for cyclotron beams.

A Single-Event-Effect run in January pushed the cyclotron operating requirements to a new level
by calling for four different cyclotron beam setups during an eight-day experiment.

There were 61 days scheduled for cyclotron operation in the period as show below.

Experimental time
Beam preparation
New beam development

Scheduled

36 days
11 days
14 days

Actual

36 days
14 days
15 days

Five new beams were calculated and developed in the period. Four of these have already been
used in experiments.

In addition to the productive running of beams for experiments, considerable time and effort have
been spent developing initial ideas for a possible Radioactive Beam Facility that would utilize
our present accelerators. Some of these ideas are presented in section 4.10.1.
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TABLE 4.1.1.1
CYCLOTRON BEAMS AVAILABLE FOR EXPERIMENTS AS OF 1995 JUNE 30

Ion

^ e

«Li
7Li
7Li
10B

"C
12C

I2C
12C
12C
12C
12C
12C

I4N
UN

i « 0

I 8 O

, » 0

I4Mg
24Mg

24Mg*

2gSi
2 8Si
"Si
"Si
"Si
"Si

3JC1
"Cl
35C1
33C1
"Cl
3SC1
35C1
33C1
35C1

Energy
(MeV/

nacleon)

50

50
25
30

45

10
18
22
23
30
40
45
50
52.5

30
40

25
36.5
38

25
35
45

6
7
8

25
27
30

6
8.5
9.5

10.25
11
30
35
39
43

R.F.
Mode

it

71

7C

71

0
0
Jt

7C

n
7C

7C

7C

7t

n
n

n
7C

7t

7t

7C

7C

0
o
0
7t

7t

7C

0
0
0
0
0
%
%

n
n

Intensity
(nA)

14

14
20
17

30

4.5
10

240
310

23
325
260
110
<1

20
45

90
500

52

22
150

12

70
10
45

9
480

60

5.5
39
45
30
32

290
130

140
13

Ion

35C1
37C1
^Cl
37C1

•n
»Ni*

63 Cu
"Cu
aCu

63Cu*

^Ge
^Ge
74Ge
MGe
7<Ge
7SGe
76Ge

7*Ge*

"'Br
"Br
"Br

"Br
''Br
"Br
8'Br
81Br
s lBr
"Br

107Ag
107Ag
107Ag
107Ag
107Ag

127I
l 2 7I

Energy
(MeV/

nucleon)

46
5.5

22.5
35

18

34.5

10
18
20
31.5

22.5
35
4.03
4.2
4.2
4.35
4.45

12

6.5
10
13
15
18
20
22.5
27
4.17
4.37

18
25

4.7
5.6
6.5

10
13

5.12
5.6

R.F.
Mode

71

0
7t

7t

0

7t

0
0
0
7t

7C

71

7C

7C

7C

7t

n
71

0
0
0
0
0
0
n
n
n
n
0
7t

7t

0
0
0
0

71

0

Intensity
(nA)

<1
33

100
520

80

>30

33
50
33
22

23
2.6

25
18
80
95
60
12

6
55
35
60

>120
<1

7
6

50
60

125
130

1.3
<1
20

8
8

6
10

new beams
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TABLE 4.1.1.1 (CONTINUED)

CYCLOTRON BEAMS AVAILABLE FOR EXPERIMENTS AS OF 1995 JUNE 30

Ion

127j

127j

127j

127J

197 Au
197Au
I97Au
I97Au

Energy
(MeV/

nucleon)

10
11
15
19
21

5.6
8

10
12

R.F.
Mode

0
0
0
0
0

0
0
0
n

Intensity
(nA)

70
<1

>63
43
0.15

30
13
23

0.1

Ion

I97Au

""Bi

^ i
20»Bi
2 0 9 Bi

23»U

»u

Energy
(MeV/

nucleon)

14

5.4
6.35
6.7
8

10

3
3.3
5.25

R J .
Mode

ft

0
0
0
0
0

ft

ft

0

Intensity
(nA)

6.5

12
16
10
0.07

10

300 pA
4.5

70 pA

new beams
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4.1.2 Electrostatic Deflector Development

W.T. Diamond

During mis reporting period, there was one significant deflector development. In the last
reporting period (PR-TASCC-9: 4-1-2; AECL-11239), it was speculated that the open area above
the high-voltage electrode permitted contamination into the deflector region that led to frequent
maintenance during 1994. The deflector was reconfigured in January with an upper and lower
rail and a fixed septum, temporarily abandoning the moveable deflector. A new aluminum high-
voltage electrode was installed at the same time and used throughout this reporting period. The
midplane was opened several times during this period to change the deflector gap and the high-
voltage electrode was cleaned as a preventive maintenance measure during several of the
openings. At no time during this period was poor deflector performance responsible for a
midplane opening either during routine cyclotron operation or scheduled downtime. This was
achieved during a period in which there was considerable cyclotron use, often at electric fields
of 130 to ISO kV/cm over a 5 mm deflector gap.

A low flow of oxygen into the deflector region was used for conditioning throughout some runs
at high electric fields. This was found to reduce field emission from an aluminium high-voltage
electrode as it had when used with a copper electrode during 1994. Oxygen conditioning does
not, however, appear to make much improvement when used with a stainless steel high-voltage
electrode.

The present configuration of the deflector is a water-cooled aluminum high-voltage electrode
mounted on aluminum oxide insulators coated with dichromium trioxide to reduce secondary
electron emission. The septum is made from a composite of copper (0.4S mm thick) bounded
to stainless steel (0.04 mm thick). The stainless steel faces the high-voltage electrode. The
septum is mounted between upper and lower rails, both made of stainless steel. The lower rail
has a water cooling tube brazed to it to provide cooling for the septum. The upper sparking plate
is made from the same copper-stainless steel composite material as the septum. It is bent to
follow the contour of the upper dee and completely shields the copper of the dee from electrons
from the high-voltage electrode. This was done because fine particles of copper were often found
on the high-voltage electrode during maintenance work. The region of the dee at the back of the
high-voltage electrode is still not shielded with stainless steel, but a spark cannot cross this gap
while the magnet is on and the energy of a spark that might occur while conditioning without the
magnet on, is not sufficient to produce significant damage. The lower sparking plate is made
from stainless steel backed by copper. A new composite of 1.5 mm thick stainless steel and
copper has been procured for this purpose. All of the surfaces are carefully finished, with the
final polish using BrassoR. We believe that this represents a well developed final product and
development is essentially complete except for possibly revisiting the moveable septum.
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4.13 Main-Magnet Control

N.A. Towne

During the reporting period, the failure of a power supply for the coil-lead helium-flow control
system resulted in dramatically fluctuating helium flow and lead temperatures. While mis failure
was repaired and flows and temperatures are now stable, a problem has now appeared affecting
the lead flow during charging and discharging. This fault may be related to the calibration of the
helium mass-flow meters.

4.1.4 Main-Magnet Power Supply

N.A. Towne and G.L. Backmeier

Two replacement digital-to-analog converters (DACs) with 18-bit precision (for inner and outer
coil currents) were constructed, tested and installed in the power supply. Their accuracy and
stability were found to be outstanding, and the performance of the supply has reflected this.
Remote control of both of the DACs was commissioned, making optimization while tuning much
smoother.

The second of two redundant dc current transducers (DCCTs) was installed. The two have been
used regularly to verify the stable operation of the other two DCCTs, and of the power supply
as a whole.

A number of power-supply trips have been the result of failures of a variety of components in
the supply. Some were the byproduct of efforts to repair or upgrade other components. The rate
at which false trips occur has been steadily decreasing as the upgrades and repairs have
progressed. While the rate is only a fraction of the rate six months ago, the problems are still
not completely solved.

A printed-circuit board holding the current-voltage and rate-regulating electronics and crossover
logic was tested and installed. Though the performance of the original board has been improved,
it was replaced by the more up-to-date and serviceable new board.

4.1.5 Foil Changer

C.R. Hoffmann (Accelerator Physics Branch)

Fabrication of components to extend the range of foil travel in the dee by 17 mm has been
completed. The components have been installed and are in service in the cyclotron. Extension
of the range of travel beyond the original 265 mm was necessary to inject successfully ions
lighter than *Li.
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4.1.6 Magnet

C.R. Hoffmann (Accelerator Physics Branch)

A study was done to explore the consequences of potential failure of hardware in the circuitry
that connects the magnet to its power supplies.

A network of resistors, circuit breakers (switches) and diodes controls the detailed discharge
behaviour of the coupled superconducting coils that excite the cyclotron magnet. When the inner
coil current is less man approximately 500 A and the outer coil current is more man about
200 A axial magnetic forces which these currents generate, can remove precompression on the
coils. Danger exists under these conditions that one of the double pancakes in a coil could move
beyond acceptable tolerances, thereby compromising the mechanical alignment of the magnet and
possibly introducing unacceptable field perturbations.

The network was modelled in a modified version of the DISCHRGE code. The dump switch was
assumed to fail in such a fashion that only one of its three legs opened when the switch was
required to open fully in either routine or emergency dumping of the magnet. Depending on the
details, the conditions to remove the precompression forces on the coils could easily be generated.
Furthermore, the study showed mat emergency dumping of the magnet from high currents could
result in one coil charging the other, with the consequence that the safe operating current of the
magnet would be exceeded.

Similar risks do not exist during standard charging because the switch gear normally is closed
when both coil currents are zero. On some occasions however, the magnet has tripped; the cause
of the trip was dealt with and the dump switch has been reclosed initiating the charging sequence.
The consequences of switch failure in this case will be examined.

According to the manufacturer of the switchgear, the probability of the mechanical failure
postulated in these studies is extremely low.

4.1.7 Radial Probes

R.R. Tremblay and G.L. Caldwell

Radial probes 1 and 2 continue to be valuable and reliable diagnostic tools for beam
development. Despite their improved design, both probes were damaged by r.f. arcing. The
damaged soft solder plugs on the barrel surface were removed and copper plugs were put in their
place. Probe 1 was damaged a second time when it ran into an obstruction (likely the gate
valve). The probe barrel was straightened and the probe was returned to service.

No further progress has been made on the installation of new r.f. filter units or on the installation
of new probe vacuum controllers. These projects have been reassigned and the work should be
completed before the end of the next reporting period.
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The design of probe 3 is still in progress and should be completed in the next report period.

4.1.8 Cyclotron Vacuum Systems

R.R. Tremblay and G.L. Caldwell

A new residual gas analyzer was purchased and installed on the midplane vacuum system. Time
spent leak-checking is greatly reduced when the type of leak is known (i.e. water, air, etc.). On
occasion, a water leak was the cause of poor midplane vacuum. However, the leak always sealed
itself before it could be located.

The foil changer turbo pump failed and had to be replaced.

The leaky 40-mm trim rod, reported in the last report period, was removed, realigned and
re-installed. It no longer leaks into the midplane.

The controlled midplane venting of the midplane with the cryopumps still cold was repeated
many times during this report period. This allows midplane access within three hours of shutting
down the cryopumps, as compared to the previous nine hours. This procedure is only used when
midplane access becomes necessary during a cyclotron run.

4.1.9 Cyclotron Openings

R.R. Tremblay, G.L. Caldwell, W.T. Diamond, J.S.C. Wills and L.W. Thomson

The lower pole of the cyclotron was lowered and raised a total of nine times over the report
period. Table 4.1.9.1 lists the dates and reasons for the openings.

4.1.10 Trim Rods

R.R. Tremblay and G.L. Caldwell

There were very few trim rod or trim-rod-related drive problems during this period. The
problems that did occur did not affect cyclotron operation and were easily repaired in
maintenance periods.
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TABLE 4.1.9.1

REASONS FOR LOWERING THE BOTTOM POLE

Date

1995 January 3

1995 January 20

1995 February 16

1995 February 22

1995 March 6

1995 April 6

1995 April 26

1995 May 8

1995 May 31

Reason and Action

The foil chain shroud springs were adjusted. An aluminum
deflector electrode was installed in place of a copper one. A new
type of bearings were installed in the movable lower septum rail.

The movable lower rail was removed and fixed upper/lower rails
with SS/CU composite septum were installed. The high-voltage
cable terminator from SS to Al was replaced. This was done to
reduce deflector sparking.

Cupl_lj beam pipe section was replaced with a straight pipe
section in preparation for the injection beam pipe shield. The
deflector gas was opened from 5 mm to 7 mm.

A water leak was repaired in the deflector high-purity water circuit.

A new foil chain was installed and calibrated, after removing a
chain obstruction. The extended stripping radius foil shroud guide
was installed. Deflector components were cleaned. The r.f. drive
tuner was cleaned.

The deflector gap was reduced from 7 mm to 5 mm.

Hills no. 1 and 2 copper liners were cleaned, after having them
arced to probes no. 1 and 2. Probe no. 1 barrel was straightened
and checked for an obstruction. Deflector components were
cleaned.

The deflector gap was increased from 5 mm to 6.5 mm. Eight new
Munich foils were loaded.

The deflector gap was reduced from 6.5 mm to 5 mm.



4-9

4.1.11 2x Injection Steerers

G.L. Caldwell

The injection-beampipe shield and a mount to position correctly and secure the shield in the high
main-magnet fields inside the yoke, has been designed. These components are being
manufactured. An unused Faraday cup, l_lj, was taken out of the beamline in preparation for
the installation of the beampipe shield. In its place, a straight section of beampipe was fabricated
and installed.

The design of the 2x steerer is almost complete. It will use 260 turns of square hollow core,
copper conductor. When the two coils are fabricated, they will fit into the existing 2x steerer
poles and yoke assembly.

4.1.12 Extraction Channel System

R.R. Tremblay, G.L. Caldwell and J.S.C. Wills

During one production run, the extraction steerer STE1-Y0 DAC failed. The steerer was
switched to voltage control in order to continue with the run. The DAC was replaced at a later
date.

Superconducting cyclotron extraction-channel steerers rarely trip now that the extraction-channel
beampipe cooling is increased at the beginning of every run. It appears that extracted beam
currents of 50 nA or less can cause one or more of the channels to quench if the beam hits the
beampipe.

The power supplies and interlock systems have been serviced in order to reduce problems on the
initial startup of these steerers.

4.2 RADIO-FREQUENCY SYSTEM

4 J . I Power-Amplifier

P.J. Bunge and S.G. Whittle

The 100 kW power amplifier performed reliably with the exception of a couple of significant
failures. The first failure was of the 5 kW triode, apparently with a short from the plate to the
grid. The triode was replaced without difficulty. The second failure was of the 300 W
intermediate-power amplifier (IPA). This failure has forced the replacement because the failed
amplifier was not salvageable. Both of these failures occurred in 1995 March.
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Of a less acute nature is the appearance of more arc trails in the interior of the coaxial output
resonator of the 100 kW amplifier stage. Though not immediately required this time, earlier
damage of this kind has required disassembly of the resonator and smoothing of the surface to
ensure that the sliding contacts move smoothly.

Inspection of the main PA cavities show mat arc damage has occurred. The manufacturer should
be consulted to see if new cavities can be purchased for use while the old cavities are being
repaired.

The drive capacitor's teflon vacuum insulator showed signs of damage. It was replaced during
without any loss of operating time.

4.2.2 Cyclotron R.F. System

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

A new drive capacitor drive assembly is now under development. It will permit the removal and
installation of the Macor offset insulator without the removal of the entire assembly.

The development of new cavity-tune regulation electronics continued with the construction and
testing of additional modules. Two modules remain to be built and tested before the system can
be commissioned.

The design of a new drive capacitor assembly has been completed that allows improved
maintenance. Final approval is still needed before it can be built and tested.

Consulting with a motor design engineer has lead to a new motor and gear head combination
which will allow the balance capacitor's speed to be tripled. This will allow faster probe scans
which will save considerable time during cyclotron runs.

With the retirement of P.J. Bunge in 1995 March, G.R. Mitchel has increased his involvement
as a back-up operator for high-power r.f. systems.

4.2.3 Bunchers and Injection Beamline Control Systems

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

We are in the initial design stages of a low-energy-buncher grid that can be removed from the
beam path without opening the vacuum system. We have changed the low-energy-buncher
control chassis to the new modular design (see PR-TASCC-9: 4.2.3; AECL-11239). However,
mere have been many small bugs to resolve and progress has been slower than desired. The new
chassis and all associated electronics (e.g., CAMAC crate) have been moved to a location
adjacent to the ion source cage, better shielded from Tandem sparks. The key design person
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(P.J. Bunge) retired during the reporting period, so much effort was devoted to documentation
of existing systems and training of our remaining technologist.

Improvements implemented wim the modular LEB chassis will be incorporated in the design for
the high-energy-buncher chassis.

4.2.4 Safety Interlock System (SIS)

S.G. Whittle

The radiation alarm detector amplifier redesign and testing is progressing well. The use of
obsolete components on other system boards will require redesign as well.

The low background Am-241 sources have been installed in all of the radiation alarm detector
heads. Bleed resistors were also installed at the detector heads to stop charge buildup when power
to the head is removed.

Installation of a cage x-ray monitor is about 60% complete. Time is needed during maintenance
periods to complete and test the unit.

4.2.5 Bunched-Beam Diagnostics

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

The time-of-flight energy-measurement system (see PR-TASCC-8: 4.2.4; AECL-11132) is
routinely used to measure the energy of cyclotron beams. During this reporting period, we
measured the beams listed in Table 4.2.5.1. The table shows the nominal energy, the exact
calculated energy, the measured energy, and the relative difference between the latter two.

4.2.6 Commercialization of R.F. Products

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

We are marketing specialty r.f. products under the name "TASCC RF Engineering". The product
line now consists of five modules with several new products under development.

During the reporting period we have confirmed two sales to customers in Italy and the U.S.A.

Marketing of these products is done by TASCC Division in cooperation with the AECL
Commercial office. Advertisements have been placed in three journals.
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TABLE 4.2.5.1

COMPARISON OF MEASURED AND CALCULATED BEAM ENERGIES
FOR FIVE CYCLOTRON BEAMS USED DURING THIS PERIOD

Beam

MSi
12C
I2C

197Au
l97Au

Nominal
Energy

(MeV/A)

27

23

22

10

10

Calculated
Energy

(MeV/A)

26.88

22.95

21.97

9.830

9.830

Measured
Energy

(MeV/A)

26.80 ± 0.06

22.73 ± 0.07

21.64 ± 0.07

9.81 ± 0.03

9.79 ± 0.03

Energy
Difference

(•/.)

-0.3 ±0.1

-1.0 ± 0.3

-1.5 ± 0.3

-0.2 ± 0.3

-0.4 ± 0.3

BEAM DYNAMICS

New Beams Calculated

E.H. Lindqvist

Beamline and cyclotron parameters have been calculated for the five beams listed in Table
4.3.1.1. The beams were required for anticipated physics experiments and have now been
developed.

TABLE 43.1.1

BEAMS CALCULATED, 1995 JANUARY TO JUNE

Beam

12C
24Mg
5>Ni
^Cu
76Ge

Energy
(MeV/u)

22
45*
34.5
31.5
12

q/q.

2/5
4/12
7/22
7/22
5/16

Field
(T)

2.51
3.01
3.46
3.59
3.65

RF
Mode

7C
n
7t

n
0

Harmonic
Number

2
2
2
2
4

• Equivalent to I2C at 45 MeVYu
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In addition to the beam-parameter calculations, an extensive information package has been
prepared describing how to calculate new beams. It includes block diagrams for cyclotron and
beamline calculations, a description of how to calculate equivalent beams, file handling
information and various TASCC Instructions, papers, SCC Notes and informal notes.

4.3.2 Stability Requirements for Some Systems in the SCC

EH. Lindqvist

Calculations have been done to establish stability requirements of some systems and to
understand the effect of an instability in a system through the acceleration and extraction
processes in the cyclotron. The following parameters have been investigated: the dee-voltage,
the dee-phase, the deflector voltage and the extraction channel 1 current. Additional parameters
will be dealt with in the near future. The program SUPERGOBLIN was used for these
calculations with 12C at 45 MeV/u as a test beam.

Setting as a criterion for long-term stability, a displacement of approximately 10 mm just
downstream of the extraction system, and for short-term stability, a displacement of less man
1 mm, the conclusions listed in Table 4.3.2.1 are reached.

TABLE 4J.2.1

STABILITY REQUIREMENTS

System

Dee-voltage
Dee-phase
Deflector voltage
Extraction channel 1 current

Long Term Stability

+5.10"4

+2°
± 5 %

±5.1O"3

Short Term Stability

<±1.10"4

<±0.5°
<±1%
±1.10"3

4.3.3 A Study of a Proposed Additional Deflector

E.H. Lindqvist

For heavy, high-energy beams, the required deflector voltage is particularly high. One possible
way to reduce that voltage would be to add an additional deflector upstream of the existing one.

Several locations for an additional deflector have been investigated. Due to space limitations, only
deflectors of 20-degrees length have been considered.
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The program SUPERGOBLIN was used for the calculations with 197Au at 14 MeV/u (5.0 T),
1<>7Ag at 13 MeV/u (3.9 T), I2C at 45 MeV/u (3.0 T) and n C at 18 MeV/u (2.3 T) as a test beams.

During the report period, the following conclusions have been reached. The first hill upstream
of the existing deflector would be the only beneficial location assuming the shape and angular
position of the existing deflector remains the same and no changes are made to the hill lenses.
Other locations result in unacceptable deviations from the optimum beam path through the hill
lenses. If the additional deflector were used for main magnetic fields between 3 T and 5 T, its
radial position would have to be changed over a 0.75 cm range due to the variation in scalloping
at different main magnetic fields. No changes would be needed for the existing deflector except
for a minor radial displacement of the exit at high magnetic fields. When the additional deflector
is not needed it should be removed from the midplane or withdrawn to avoid interference with
the last turn. A suitable ratio between the voltage gradient in the additional deflector and the
existing deflector, when using two deflectors, would be 0.6. The voltage gradient of the existing
deflector would therefore be reduced by 20% by using the additional deflector.

As there is very little space between the hills, the mechanical difficulties in locating a deflector
mere would be challenging.

4.3.4 Code Development

C.R. Hoffmann (Accelerator Physics Branch)

The code SLACINPT (W.L. Michel and J.D. Hepburn, AECL Report AECL-7614, 1982) was
set up to run on a PC. This code provides a convenient method of quickly generating accurate
boundary data for the SLAC gun code.

The program DISCHRGE, which models the charging and discharging of the magnet coils, was
extensively modified to model discharging of the magnet for various hardware failures.

4.4 CRYOGENIC SYSTEM

4.4.1 Scheduled Maintenance and System Upgrade

R.R. Tremblay, G.L. Caldwell, G.L. Backmeier
and D.J. Caswell (TASCC Accelerators and Development Branch)

The regular bi-weekly and 5 000-hour scheduled maintenances were completed on engines 5 and
7 as required. A number of unscheduled repairs of various nature, such as bearings and alternator
replacement, were also required. The repairs were carried out without any delays to the cyclotron
operational schedule.
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A total of 202 helium cylinders were used, compared to 234 cylinders in the last report period.
In total, there were four power outages, numerous power bumps and two outages of feeder 27.
Helium leaks through the three main magnet lead seals and across the emergency lead-cooling
solenoid were found. A new replacement solenoid has been ordered. The main-magnet lead
control system is currently being reviewed, outlining system and control specifications in
preparation for switching to the Vista control computer from the LSI-11.

As the result of operating the cryogenic system in a slightly different mode, the consumption of
liquid nitrogen between 1994 July 1 to 199S July 1 was 666 006 litres, compared to 789 830
litres for die period 1993 July 1 to 1994 July 1. This is a yearly savings of over $19 000 for the
TASCC Accelerators and Development branch.

Significant effort has been spent updating all cryogenic system helium-piping drawings. The
drawing should be completed early in the next report period. In addition, time was spent
locating, identifying and tagging all of the helium system relief valves (-75 in total). Discussions
are underway in order to identify all of the relief valves which will have to be replaced.

All of the data for scheduled cryogenic maintenance has now been entered in the central TASCC
Accelerators and Development branch computerized maintenance-management system.

The cryogenic automation system continues to work well requiring operator intervention only in
abnormal circumstances, such as equipment failures, power outages, alarm conditions or gas
additions.

A cryogenic automation manual has been written. The manual contains information concerning
both the control logic and the hardware.

The liquid nitrogen tank which supplies liquid nitrogen to the helium refrigerator was modified.
This has eliminated the ice build-up at the base of the tank which had prevented access to some
of the isolation valves and relief valves. The liquid nitrogen evaporator relief valve failed once
and was replaced.

4.4.2 Helium Compressors

R.R. Tremblay and G.L. Caldwell

The two rotary screw compressors continue to operate reliably and troublefree.

Of the four model-1400 reciprocating compressors: compressors 1 and 2 both failed, were
re-built and returned to service; compressors 3 and 4 did not require any repairs during this report
period.

These four compressors were also wired to accept a portable fault annunciator system used to
identify quickly which series interlock is tripping the compressor.
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4.5 TASCC 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 Main Control System

While no significant beam outages were caused by failures in the control system during the
period, the touch panels on the control consoles required continual attention. Delays by the
supplier of new touch-sensitive surfaces has had the result mat the control console lost one of its
five touch panels and two of the remaining four are nearly unserviceable. New components are
scheduled for delivery in 1995 August.

A member of the group, B.F. Greiner, accepted a request for software assistance on a high-profile
commercial contract and was unavailable to TASCC for 12 weeks or 48% of the period. This
loss of manpower primarily affected the conversion of the control system to Vsystem (trademark
of VISTA Control Systems, Inc., Los Alamos).

4.5.2 Automation of the Cryogenic System

The final stages of the implementation of Vsystem to regulate the production of liquid helium
by the cryogenic system were completed early in 199S January. The job list consisted of closed-
loop control of the Joule-Thomson valve, setting up frequent data logging through use of two
standard features of Vsystem and operator training.

The results of this project were given in a paper and a poster presentation at the Real Time 95
Computer Control Conference in East Lansing, Michigan, in 1995 May. The only significant
follow-up work during the period was a minor upgrade to the PID algorithm which is used for
five closed-loop applications on the liquefier.

4.5.3 Implementation of VISTA Software

The two most important subsets of the implementation of Vsystem in TASCC were completed
during the period. The first, operator interfaces for the beamline, will provide access to
approximately half of the laboratory's 800 devices, many of which are consulted or controlled
during every day of beam production. Cyclotron parameters is the major group still requiring
operator-interface development.

The second subsystem which was completed was the data-acquisition or "reader" software, which
is equally essential to the operators as the graphical interfaces, but at the opposite extreme of
visibility. The CAMAC software, which is at the heart of the reader, has two operating options
with conflicting properties. There is a "single-transfer" option, which is too slow to service all
of the 3000-plus channels in real time, but provides proper notice of hardware failures, and a
"list-mode" option, a factor of ten faster, but with inadequate error detection. As the CAMAC
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software is proprietary and inaccessible to the control group, we implemented a combination of
the two options in order to obtain adequate data rate as well as error handling, all verified by
timing tests.

In addition, general-purpose software related to the interpretation of status bits and proper
initialization of status diagrams was completed and a feature was added to facilitate alternations
of database parameters by "system" software.

4.5.4 PDP-11 Control System

The rate of alterations to the PDP-11 control-system database fell slightly from the levels of the
previous year, but upgrades to the r.f. system and the cyclotron magnet as well as injector
maintenance required significant manpower. Control of the cyclotron magnet was connected to
the control desk for the first time in 1995 January primarily as a means of controlling new DAC
circuits which were incompatible with the old "BCD" thumbwheel system.

The main effort on the PDP-11 was the development and testing of software to save accelerator
and beamline parameters and restore the settings for a given beam at a later date. Even the
primitive version of mis software was judged to contribute to the program of speeding up beam
changeovers, especially for the cyclotron. Further development of this software on the PDP-11
is under review, in view of the accompanying unfavourable impact on the conversion to Vsystem.
Significant effort was also applied to development of a cone carousel for use with AMS
measurements and a second suite of AMS programs, to separate chlorine requirements from those
of iodine.

On the hardware side of the control system, an additional CAMAC crate was added to the main
serial highway to facilitate testing and installation of new controls for the Tandem. In addition,
a means of connecting all of the TASCC CAMAC crates, including the fibre-optic circuits into
the injectors, in one serial highway was tested successfully for the first time. The test indicates
mat Vsystem can be configured as a single CAMAC serial highway instead of a three-highway
system, as presently installed on the PDP-11 computer. This result reduces the requirement for
additional hardware by $20,000 and approximately the same amount will be saved in software
and manpower costs.

4.6 NEGATIVE-ION INJECTORS

4.6.1 Ion-Source Operation

J.W. McKay

Twenty ion species have been produced for injection into the Tandem during this reporting period
(see Table 4.7.1.2). The standard 860 sputter source was used 80% of the beam time, the AMS
sputter source for 15% and the ECR, D/P and 860-C combined for the last 5%.
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The 860-style sputter-ion sources were quite reliable and continue to provide the majority of our
beams. They provide a wide variety of negative-ion species, the available beam current has
increased for many ions and the reliability is high. The standard 860 runs for about 500 hours
before being removed for cleaning.

Beams of JHe, "O, ^S, and 76Ge were all produced in the last six months from separated
isotopic materials. In addition, small beams of 129I and 36C1 have been produced for
accelerator-mass-spectrometry measurements.

4.6.2 Ion-Source Development

Y. Imahori

A new AMS ion source incorporating a remote-sample-transport system was tested in Cage A.
This system allows us to move samples from a carousel in atmosphere, outside the injector cage
into the source without breaking the vacuum or lowering the source high voltages. The ion
source produced good chlorine beam, although the cesium oven temperature had to be set higher
man in the old ion source. Improved cooling on the ion source housing might have set a cesium
transfer line temperature slightly lower man normal.

According to ERD tests on the AMS ion source parts, the origin of the contamination has been
traced to an extraction plate in front of the sample. If mis plate is operated at above 350°C,
contamination could be reduced substantially. Since then, aperture area of the extraction plate
was replaced with thermally isolated 0.01" tantalum disc.

A HVEC charge-exchange canal assembly is used by the ECR ion source to produce negative
beam. To improve operating performance, cooling at the entrance and exit aperture of the canal
were added. As a beam diagnostic tool, a whole assembly was isolated from ground and a
removable Faraday cup was installed so that the charge exchange ratios could be measured. The
assembly was operated to produce 3He and 209Bi.

Over a dozen cathode samples were tested to investigate the benefits of the cooling. No
significant effect was observed at low cathode current but production of protons from titanium
hydride, indium from indium phosphate and magnesium from magnesium hydride increased 5 to
20% when the cathode cooling fluid temperature was lowered from 20 to 8°C.

4.6.3 Microwave Ion-Source Development

J.S.C. Wills

4.6.3.1 Microwave Ion Source

Following the 209Bi run in 1994 December, the microwave ion source was removed from deck
B and reassembled on the ion source test stand in order to prepare for a 3He run in April. Two
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problems with the source had hindered reliable production of intense negative-ion beams during
the 209Bi run. First, the extracted positive-ion beam was steered off-axis, judging by the
appearance of sputter marks on the aperture upstream of the charge-exchange canal. Second,
uneven heating of the charge-exchange canal (possibly exacerbated by the off-axis beam) resulted
in short lifetime of the charge-exchange media (only about 18 hours for Cs).

Measurements on the test stand indicated mat the beam was being steered at an angle of about
30 to 40 mradians and mat the direction was coupled to the orientation of the plasma generator.
For comparison, the RMS divergence of the positive-ion beam is about IS mRadians.

A dimensional check of the extraction column disclosed no misalignments mat could account for
the observed beam steering. Careful measurements of the axial and transverse components of the
plasma generator magnetic field showed a transverse component of approximately 2 mT.
Calculations performed by J. Diserens, Math and Computation Branch, confirmed that a
transverse field component of that order could steer the beam. We attempted to reduce the
transverse field component by shimming the magnets and by adding magnetic or permeable
material at various locations in the plasma generator, but succeeded only in shifting the direction
of the transverse component. The effect of these modifications on the extracted beam was to
change the direction of steering without reducing the magnitude.

We then attempted to re-steer the beam back on axis by installing a rotatable permanent-magnet
array polarized transversely to the extraction column. By adjusting the position of the transverse
field generated by the magnet, some reduction in the deflection of the beam was achieved, but
the technique proved inadequate for precise re-alignment of the beam.

Experiments were also undertaken to reduce the gas consumption of the source when operating
on helium. It was found that the addition of a small amount of Xe to the source gas supply
allowed stable source operation at about 1.5 seem helium flow compared to 4 seem without Xe.

The charge-exchange canal (originally manufactured by HVEE) was extensively modified by
Y. Imahori. Five thermocouples were installed to monitor the canal temperature at various
locations as well as the oven section. Cooling-air lines were added to the entrance and exit
apertures of the canal to reduce the effects of beam heating. An insertable Faraday cup was
installed downstream of the canal to aid in source tuning.

The source was installed on deck B late in 199S March for tests with the modified charge-
exchange canal. A 3He beam was produced for a cyclotron development run on 1995 April 19
and a four-day ISOL run starting 1995 April 21. Table 4.6.3.1 shows the beam currents observed
during the cyclotron run.

A beam current of 700 to 1000 nA was maintained at Cup 1.1s (cyclotron injection) for the
duration of the ISOL experiment. The source required frequent adjustments to maintain a steady
beam current. In particular, the charge-exchange canal temperature tended to drift away from the
optimum setting over a period of a few hours.
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TABLE 4.63.1

FARADAY CUP CURRENTS

Faraday
Cup

Lib
l.ad

l.lf

Location

Source
Tandem
Injection

Tandem Output

Current
(nA)

3400
1200

1000

Charge
State

1-

1-

2+

Energy

200 keV

14MeV

Following the ISOL run, the source was reconfigured for Bi- production for an 87c run.
Several equipment failures delayed start-up of the source until the last day of the run, when
10 uA of Bi- was measured at Cup lb. The experiment was not delayed as the beam intensity
provided by the 860 source proved adequate.

Some source operating problems still remain unresolved. In addition to the beam steering
noted earlier, the charge-exchange canal temperature proved difficult to control due to the
long thermal time constant and low power of the heater, especially when high vapour pressure
charge-exchange media (such as Cs) were used. However, the lifetime of the charge-exchange
canal was much improved.

4.6.3.2 Prototype Permanent-Magnet Microwave Ion Source.

Drawings for an extensively redesigned version of the permanent-magnet microwave ion source
were completed in early March. Estimates for construction were obtained from shops on and off-
site. It has proven much more difficult than anticipated to find a contractor willing to fabricate
components for the source. We decided to proceed with construction of the plasma generator and
extraction column in the Accelerator Physics Branch shop while searching for a contractor to
complete the permanent-magnet solenoid, which requires only conventional machining and
welding. Initial testing of the source is now expected to start in 199S October.

4.6.3.3 Present Activities

The standard solenoid microwave source is presently installed on the test stand to investigate
focusing a positive-ion beam into a charge-exchange canal with an electrostatic lens. The
experiment is being carried out by two students from the Deep River Science Academy,
Tony Mandarin and Matt Izawa, under the supervision of their tutor, Rachel Lewis.

As our recent experience with the permanent-magnet source has demonstrated, it is important to
minimize any transverse components in the solenoid field of the ion source plasma generator. The
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strength and orientation of the field produced by the permanent magnets obtained for the
prototype permanent-magnet source is being measured with a Hall probe mounted on a triple-axis
stage. After characterization, the magnets will be mounted in a test section of the prototype
source permanent magnet solenoid to check for any transverse field components.

4.6.3.4 Personnel

Duncan Mclntyre completed a co-op work term in 1995 April. Rachel Lewis joined the group
for a 16-month professional experience term in 199S May. Her initial assignment (until August)
is to serve as a tutor for the Deep River Science Academy students. T. Taylor (Accelerator
Physics Branch) continues to act as a consultant for microwave source development. J. Diserens
retired from AECL in 199S June. Responsibility for the Vector Fields codes has been transferred
to Stuart Craig, Accelerator Physics Branch.

4.7 TANDEM ACCELERATOR

4.7.1 Operation

J.W. McKay

The performance of the Tandem has been improving consistently over the past few years. The
amount of time at high voltages continues to grow (see Table 4.7.1.1).

Beam availability and machine reliability remain high (see Table 4.7.1.1). Note that time for
development of new beams and for beam availability have been listed separately since 1994. The
portion of time above 14.S MV increased by more that 50% over the last reporting period.

Beams accelerated by the MP Tandem for the reporting period are listed in Table 4.7.1.2.

4.7.2 Generator

J.W. McKay

There were three tank openings in the past six months, two scheduled and one unscheduled (see
Table 4.7.2.1).
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TABLE 4.7.1.1

OPERATING STATISTICS - 1990 JANUARY TO 1995 JUNE 30

Use

Beam Availability

Beam Development

Beam Preparation

Scheduled Shutdown

Unscheduled Shutdown

TOTAL
SHUTDOWN
TIME

Days 14.5 to 15 MV

Days Above 15 MV

Total Days

Maximum Volts with
Beam(MV)

Time (percent)

1990

71.8

10.8

15.1

2.4

17.5

0

0

0

14.3

1991

62.4

13.2

16.3

8.1

24.4

8

0

8

14.8

1992

70.8

13.4

9.7

6.1

15.8

2

0

2

14.7

1993

74.6

10.7

12.1

2.6

14.7

19

8

27

15.27

1994

66.4(I)

4.7

11.4

12.9

4.6

17.5

28

4

32

16.0(2)

1995
Jan. to
June

71.9

2.2

12.1

10.6

3.2

13.8

25

0

25

14.8

(1) Before 1994, beam development time was included in beam availability.

a ) Development run.
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TABLE 4.7.12

BEAMS ACCELERATED BY THE MP TANDEM
1995 JANUARY 1 TO JUNE 30

Isotope

Protons

Helium-3

Helium-4

Carbon-12

Oxygen-18

Magnesium-24

Silicon-28

Silicon-29

Silicon-30

Sulphur-32

Sulphur-34

Chlorine-35

Calcium-40

Vanadium-SI

Nickel-5 8

Copper-63

Germanium-76

Iodine-127

Gold-197

Bismuth-209

Maximum
Current

Injected
(nA)

10 000

2 000

67

9 500

2 600

r 1 200

5 000

300

250

400

98

7 000

220

n 1 400

760

370

1 800

4 600

4 200

4 000

Maximum
Current

Analyzed
(nA)

5 500

1 000

0.1

2 400

1 100

300

2 800

62

50

110

60

4 000

80

190

310

275

920

1 000

170

130

Maximum
Energy

(MeV)

20

12

25

34

56

67

120

150

156

120

145

81

190

235

r 282

118

r 53

235

266

230

Charge
State

1+

2+

2+

2+

3+

4+

9+

10+

10+

9+

10+

5+

12+

10+/16+

12+/21+

7+

5+

12+/20+

11+/21+

15+

r New maximum
n New beam

NOTES:
a) Small quantities of MC1 and I29I were also accelerated in the Accelerator Mass Spectrometry
program,
b) Maximums for each beam parameter were not simultaneous.
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TABLE 4.72.1

TANK OPENINGS

Date

1995 February 17
Scheduled

1995 June 12
Scheduled

1995 June 21
Unscheduled

Time

3 days

7 days

39 hours

Reason

Corona points and Ti-ball pumps replaced.

Ti-balls, corona points and foils replaced.
Sections 2 and 4 cleaned and repaired. Low-
energy-end shorting system repaired.

Broken high-energy-end shorting system
string removed.

4.7.3 Voltage Tests

J.W. McKay

Testing and conditioning of the Tandem high-voltage capability are carried out from time-to-time
as a part of normal maintenance and operation. The results over the past six months are shown
in Table 4.7.3.1.

TABLE 4.

SECTION-BV-SECTION HIGH-VOLTAGE TESTS

Section-by-Section Tests (MV)

Section 1
Section 2
Section 3
Section 4
Section 5
Section 6
Section 7
Section 8

Full Column

4.9
5.0
5.0
4.3
5.9

not tested
4.6
5.0
15.9
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4.7.4 Transmission Tests

J.W. McKay

Last year, additional Ti-ball sublimation pumps were installed at each end of the terminal. The
effect of these pumps on the transmission of a gas-stripped bismuth beam has now been
measured. The transmission, compared to the calculated maximum, increased from 26% to 32%
with the additional pumps operating. The test beam was 209Bi7+ at 66.4 MeV.

4.7.5 Sulphur Hexafluoride (SF6) Gas System

J.W. McKay

No SF6 has been added to the system in the past twelve months.

The total SFS inventory is about 16 000 kg, which allows an operating pressure in the Tandem
of 7.8 atmospheres. Losses due to tank openings and small leaks are estimated to be about
750 kg over the past year.

4.8 BEAM TRANSPORT SYSTEM

4.8.1 Beamline Magnets

B.V. Luloff (Nuclear Physics Branch)

The beamline magnets and power supplies performed well, in spite of advancing age, because
of the well-established program of regular monthly maintenance. No unexpected problems have
materialized during the first half of 1995.

The two complex switches that were installed to minimize the number of power supplies in the
facility both performed well. A long search for a supplier of replacement contactors for this
15-year-old switchgear was successful.
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4.8.2 Vacuum Systems

L.M. Lindstrom (TASCC Accelerators and Development Branch)
P.J. Jones (Nuclear Physics Branch)

The beamline vacuum system continues to perform reliably, requiring only minor servicing and
routine maintenance.

4.8.3 Beam Diagnostic Devices

L.M. Lindstrom (TASCC Accelerators and Development Branch)
P.J. Jones (Nuclear Physics Branch)

The beam diagnostic devices continue to operate reliably, requiring only minor servicing and
routine maintenance.

4.9 BUILDING SERVICES

4.9.1 Support Services

G.D. Reynolds

A new system of chillers and heat exchangers has been designed and installed. It replaces the old
system which comprises of a 365-ton centrifugal chiller and two shell-and-tube type heat
exchangers, with six small, reciprocating chillers in series with a large, custom-designed plate
heat exchanger. The new system leans more heavily on passive (heat exchanger) cooling and less
on mechanical cooling, in contrast to the old system which relied heavily on mechanical cooling.
A consultant was hired to verify calculations and make recommendations. Commissioning will
take place in late summer 199S.

Air-handling units S-l 1 and 12, which are responsible to cool and dehumidify part of the lab, will
be connected to a new roof-top chiller system which will be separate and distinct from the above
system.

Nearly all components of the electrical metering system have been procured. Installation and
commissioning will take place in the fall of 1995. The metering system uses current and potential
transformers connected to power meters to monitor all 2.5 kV feeders.

Missing labelling of 2.5 kV switch-gear resulted in the line-crew isolating wrong feeder during
routine maintenance operations. Once the proper switch-gear was identified, it failed to open,
resulting in a potentially hazardous situation where the load could not be isolated. Repairs and
proper marking are scheduled.
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A service-water main burst in 1994 December causing considerable flooding until it was isolated.
It was repaired and put back in service in 199S January.

The building PA system has been wired to emergency power and now is called routinely by
security personnel for stay-in/evacuate announcements.

A failed source lamp in the oxygen monitor in Room 113 A was replaced.

All other support services except steam are now metered.

4.9.2 Deionized-Water System

G.D. Reynolds

The temperature controller TIC-2, which controls the temperature of the deionized-water system
by modulating filtered raw-water flow through heat exchangers, failed and was replaced without
interruption to the facility.

The new deionized-water system extension has been commissioned and is now being used to cool
the ion cages, Y-magnet and trim supply.

4.9.3 Other Services

J.C. McKay

There were power outages on five occasions in the reporting period. This cost about fifteen
hours of downtime.

4.10 A FEASIBILITY STUDY OF AN EXOTIC BEAM FACILITY AT TASCC

4.10.1 A 30 MeV H" Cyclotron as a Primary Beam Accelerator for an Exotic Beam
Facility

E.H. Lindqvist

In this study, the 30 MeV, H' cyclotron (TR30) made by EBCO was chosen as a primary-beam
accelerator. An H machine is preferable due to its clean extraction, easy operation and high
extraction efficiency. A low-energy machine was chosen for its availability and low price.
Although the maximum advertised intensity at this time is 400 microA, the shielding in the layout
was calculated for slightly lower intensity. Eventually a layout will be designed accommodating
a considerably higher intensity. The cyclotron and the accompanying ISOL would be located
underground alongside the outer wall of the Tandem hall in a new building (see Figure 4.10.1.1).
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Four rooms would be associated with the cyclotron: the cyclotron vault, two work areas (one
active and one clean) and a control room. Above the control room and one of the work areas
mere would be a power supply room to accommodate the power supplies for the cyclotron and
beamline to the Tandem.

Five areas would be associated with the ISOL: the target/ion-source room, an equipment room,
an instrumentation room, a maintenance/storage room and a low-activation work area.

There would be three high-voltage platforms separated by shielding walls, the main reason being
to shield the electronics from damaging radiation and to reduce the radiation received by people
working with the electronics, magnets, quadrupoles, steerers and diagnostics. The three platforms
would be connected via high-voltage conduits and would operate at a voltage of 200 kV. The
accelerating tubes would be located in the target/ion-source room and the equipment room.

The mass/isobar separation would take place in two stages, one on the equipment platform at low
energy and one in the basement of the Tandem hall after acceleration to 200 keV. The first stage
would consist of two 90°, R=1.5 m, uniform field magnets with an electrostatic quadrupole
between. The second stage would consist of one 90°, R=2 m, uniform field magnet. The reason
for the two stages would be to eliminate unwanted isotopes as soon as possible in order to
minimize activation further down the beamline and to separate ions with the same momentum
but different masses.

After the second mass/isobar-separation stage, the exotic beam would be transported through the
Tandem-hall basement to be bent upward either directly upstream of the Tandem injection
Y-magnet or upstream of the two existing ion-source cages.

In addition to the layout discussed above, several informal notes related to the exotic-beam
facility were produced.

4.11 PUBLIC AFFAIRS

4.11.1 Public Image Work and Participation in AECL's
Educational Partnerships Program

D.J. Caswell and G.R. Mitchel

Since 1994 December, DJ. Caswell and G.R. Mitchel have each spent two man-days per month
doing liquid nitrogen demonstrations in schools in Renfrew County, Ottawa and Pontiac County.

G.R. Mitchel has done 47 demonstrations in 9 schools and at the "Destiny 2000" Science/Career
Fair in Ottawa, in front of at least 1 200 students (ranging in age from Grade S to Grade 9),
along with their teachers and school principals. About 10 of the shows were presented in French,
with the rest in English. D.J. Caswell has done 49 demonstrations. A list of the presentations
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is given in Table 4.11.1.1. It is an impressive record. Assuming an average class size of 40
students, the total audience for the reporting period is about 4 000.

This program has attained considerable success and momentum. It has been enthusiastically
received by Public Affairs; it would be hard to image a better way of enhancing the image of
TASCC and AECL at the grassroots level.

Through these efforts, TASCC and AECL have had very positive coverage in the Ottawa Citizen,
in several local newspapers (Norm Renfrew Times, Pembroke Observer, Cobden Sun, Renfrew
Mercury), on CTV television (CHRO and CJOH), on the CBC and Radio-Canada.

While all AECL educational efforts are under review, we intend to continue this program, at least
at the Renfrew County level, into the 199S/96 school year.

4.12 REPORTS

L.W. Thomson

Thirty-one SCC Notes (Series II) have been written and distributed and five TASCC Instructions
have been written or revised. In addition, several SCC Notes and TASCC Instructions were
prepared but not issued by the end of the reporting period.

The project to convert all TASCC Instructions and facility emergency procedures for input into
a program readable on the control room 486-personaI computer is 95% complete. Monthly issues
of the TASCC Newsletter continue to be written, with a current mailing list of about 250
recipients, 145 of whom are off-site.
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TABLE 4.11.1.1

LIQUID NITROGEN DEMONSTRATIONS
DONE BY G.R. MITCHEL AND DJ. CASWELL

1994/95 SCHOOL YEAR

Date

1994 December 15-16

1995 January 24

1995 February 23

1995 March 2

1995 March 6-7

1995 April 1

1995 April 5

1995 April 6

1995 April 11

1995 May 2

1995 May 4

1995 May 5

1995 May 16-19

1995 June 6

1995 June 7

1995 June 8

1995 June 9

Details

Keys School, Deep River.

Rockwood Public School, Pembroke.

Admaston, Calabogie and Horton Public Schools. Renfrew.

Beachburg Public School.

Henry Munro Middle School, Gloucester.

Renfrew County Science Fair, Pembroke.

Cobden Public School, Cobden.

St. Thomas Apostle School, Renfrew.

St. Alphonsus High School, Chapeau and John Paul II High

School, Campbell's Bay.

Immaculata High School, Ottawa.

St. James School, Eganville.

Highview School, Pembroke.

"Destiny 2000" Hi-Tech Career Fair, Ottawa.

Our Lady of Lourdes School, Pembroke.

Our Lady of Sorrows School, Rivercrest School, Petawawa.

Lester Pearson High School, Ottawa.

Mutchmor Public School, Ottawa.
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