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1.1 GENERAL

Not available.

1.2 RESEARCH

Shell model calculations to understand the discrepancy between the measured and calculated

cross-sections for u^ -> u' inelastic scattering off 12C have been initiated. It is hoped that a large-

basis shell-model approach may provide a better description than previous RPA calculations.

Precise branching ratios in the P-decay of 21Na have been determined in an ISOL experiment. It is

expected that these new measurements will reduce the uncertainties in 21Na to the point where

their contribution to the ft-value will be below 0.1%. This precision is required to interpret the P-

decay asymetry measurements on 21Na being prepared at TRIUMF and at Berkeley.

The P-decay properties of 44V measured at TASCC provide a testing ground for shell-model

calculations. In this nucleus, the full (Oh®) calculation in the fp-shell is feasible, and can be used

as a standard against which truncation schemes may be judged. Results are encouraging.

However, the results show that the intruder states, which are deformed and involve both the sd

and fp shells, cannot be represented in a small spherical basis even with renormalized operators.
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Theoretical estimates of the pionic fusion processes for 12C on 12C indicate that the yields of %°

and 7i+ should be comparable. The 7t+ data have now been analyzed with a resulting cross-section

182±84 pb compared with 208±38 pb for the %° data. This is in accordance with expectation.

An experiment was performed to measure the excitation energy of target-like fragments as a

function of the reconstructed excitation energy of projectile-like fragments in the reactions of 35C1

on 181Ta at 43A MeV. The experiment was performed with collaborators from Italian institutions

and employed their neutron detectors. The final phase of the experiment to determine neutron

multipliculties for different exit channels selected in the forward array is rescheduled for an

upcoming run.

Recoil distance measurements determined lifetimes for low-spin states in U4Xe and U6Xe. These

highly neutron-deficient nuclei near the proton drip-line were produced in the reactions

58Ni(S8Ni,2p) and S8Ni(60lSri,2p). These channels are extremely weak but were cleanly selected by

gating on the highest total gamma ray energy detected in the BGO ball of the 87c spectrometer.

Preliminary results indicate a sharp decrease in the deformation at U4Xe compared with U6Xe and

m Xe.

An attempt was made to extend the systematics of intruder bands in indium isotopes known in

109,111,113̂  t 0 nsjjj T o d a t e n o m t r uder band has been found in the data.

A test run with reaction MCa on 94Mo at 170 MeV was performed with the 871 spectrometer and

upgraded miniball. The aim was to examine the yields of very neutron deficient isotopes in the
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A-130 region with a view to extending our studies of the origins of superdeformation. The data

looks promising and a longer run has been scheduled.

A DSAM experiment to measure lifetimes in 133Pm has been completed. The strongly-coupled

bands with an anomalously high moment of inertia observed by earlier workers has been shown to

have a deformation parameter 02=0.40. This deformation is as high as that measured for the most

superdeformed nucleus in the region namely 132Ce. The 133Pm bands therefore comprise a second

example (131Pr being the first) of superdeformed bands based on the (g^)"1 configuration existing

at low spin (9/2), and containing no intruder orbitals. A search for the analogous structure at the

N=80 neutron shell closure in 141Pm,, where the deformation would be higher (02=0.5), failed to

find a candidate.

A search for superdeformation in 146147>148xb isotopes confirmed a band previously assigned to

147Tb but no new structures were seen.

Coulomb excitation of 148Nd with a 209Bi beam at 1330 MeV was studied with the 8TC

spectrometer. Both the groundstate band and the K=0 octupole band were extended by one

cascade to spin 14+ and 15" respectively. Accurate branching ratios were obtained. More than a

dozen levels that decay principally to the K=0 octupole band were identified for the first time.

Calculations with the RPA model in the rotating frame have been performed to investigate the

response of nuclear surface-vibrations to rapid rotations. These have resulted in a clearer

understanding of the effects involved. Comparisons with data obtained at TASCC are ongoing.
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Following on the discovery of a very intense quasi-continuum ridge in 173>174W, an experiment was

performed to see whether a similar structure occurs in 171>172Ta. Analysis is continuing.

The Coulomb excitation data on ^ T h with a 209Bi beam has been analyzed. Interesting aspects of

the results are the contrasts with 238U.

Materials analysis using elastic recoil detection with a 230 MeV 209Bi beam was applied to a wide

variety of samples of interest to reactor physics, biology and high-Tc superconductors. Resonant

coherent excitation of hydrogen-like 32S ions has been studied for channeled conditions in a thin

silicon crystal. The Stark splitting of the resonance was more clearly resolved than in previous

studies with 28Si ions.

Tests were conducted to determine whether thin film superconductors on thick insulating

substrates are appropriate for ion-beam studies. The results demonstrated that the substrate

causes insuperable problems, and future progress depends on the availability of larger-area thick

crystals.

Experiments to develop a method of measuring heavy ion induced damage in DNA have been

initiated.

A number of candidate materials for fabricating matrices carrying Pu in fuel pellets have been

identified. The response of these materials to damage from fission fragments is being investigated

with a 72 MeV 127I beam.
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Numerical analysis techniques are being developed to find a reliable method of extracting

information from impedance spectroscopy measurements. This technique is a promising method

of characterizing oxide films on metal surfaces, e.g. the protective oxide film on Zr-2.5%Nb, but

to date, numerical analysis of the data has proved elusive.

The 'flow of information' concept developed for the least squares problem quantifies the

significance of each data point to determining the fitted parameter. These results have been

extended to handle the least squares problem with constraints.

1.3 INSTRUMENTATION AND FACILITY DEVELOPMENT

Not available.

1.4 ACCELERATORS

Not available.
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1.5 PUBLICATIONS. REPORTS. LECTURES AND CONFERENCE
CONTRIBUTIONS (NUCLEAR PHYSICS BRANCH)

Publications

INTRUDER VS. CORE EXCITATIONS NEAR THE Sn CLOSED SHELL
V.P. Janzen
Physica Scripta 156 (1995) 144

QUASI-PROJECTILE BREAK UP EVOLUTION FROM 25 TO 70 A MeV
R Roy, M. Samri, L. Beaulieu, B. Djerroud, D. Dore, P. Gendron, E. Jalbert, R Laforest,
Y. Larochelle, I Pouliot, C. St-Pierre, G.C. Ball, A Galindo-Uribarri, E. Hagberg, D. Horn,
XL. Laville, O. Lopez, R Regimbart, J.C. Steckmeyer
Proceedings of the XXXJH International Winter Meeting on Nuclear Physics, Bormio, Italy,
1995 January 23-27, ed. I. Iori, Ricerca Scientifica ed Educazione Permanente, Supplemento
N. 101(1995) p. 140

NECK EMISSION IN **Pb + 197Au COLLISIONS AT 29 A MeV
O. Lopez, J.F. Lecolley, L. Stuttge, M. Aboufirassi, D. Durand, B. Bilwes, R. Bougault, R
Brou, F. Cosmo, J. Colin, J. Galin, A Genoux-Lubain, D. Guerreau, D. Horn, D. Jacquet, J.L.
Laville, F. LeFebvres, C. Le Brun, M. Louvel, M Mahi, C. Meslin, M. Morjean, A Peghaire,
G. Rudolf, F. Scheibling, J.C. Steckmeyer, B. Tamain and S. Tomasevic
Proceedings of the XXXJH International Winter Meeting on Nuclear Physics, Bormio, Italy,
1995 January 23-27, ed. I. Iori, Ricerca Scientifica ed Educazione Permanente, Supplemento
N. 101(1995)p.155

MULTIFRAGMENT PRODUCTION IN Au+Au AT 35 A MeV
M. D'Agostino, M. Bruno, P. Buttazzo, L. Celano, N. Colonna, A Ferrero, ML. Fiandri,
E. Fuschini, F. Gramegna, I. Iori, P.F. Mastinu, P.M. Milazzo, L. Manduci, G.V. Margagliotti,
A Moroni, F. Petruzzelli, R Rui, R Scardaoni, G. Vannini, G.J. Kunde, D.R Bowman,
J.D. Dinius, C.K. Gelbke, T. Glasmacher, D.O. Handzy, W.C. Hsi, D. Horn, M. Huang,
M.A Lisa, W.G. Lynch, C.P. Montoya, G.F. Peaslee, L. Phair, C. Schwarz, M.B. Tsang and
C.Williams
Proceedings of the XXXUJ International Winter Meeting on Nuclear Physics
Bormio, Italy, 1995 January 23-27, ed. I. Iori, Ricerca Scientifica ed Educazione Permanente,
Supplemento N. 101 (1995) p. 237

SPACE-TIME CHARACTERISTICS OF FRAGMENT EMISSION IN Xe-INDUCED
REACTIONS
D.R. Bowman, N. Colonna, W.A Friedman, L. Celano, M. D'Agostino, J.D. Dinius, A
Ferrero, C.K. Gelbke, T. Glasmacher, D.O. Handzy, D. Horn, W.C. Hsi, M. Huang, I. Iori,
M.A Lisa, W.G. Lynch, G.V. Margagliotti, P.M. Milazzo, C.P. Montoya, A Moroni, G.F.
Peaslee, L. Phair, F. Petruzzelli, R Scardaoni, C. Schwarz, M.B. Tsang and C. Williams
Proceedings of the XXXUI International Winter Meeting on Nuclear Physics
Bormio, Italy, 1995 January 23-27, ed. I. Iori, Ricerca Scientifica ed Educazione Permanente,
Supplemento N. 101 (1995) p. 200
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SPACE-TIME CHARACTERISTICS OF FRAGMENT EMISSION IN THE E/A=30 MeV
129Xe + MtCu REACTION.
DR. Bowman, N. Colonna, W.A Friedman, L. Celano, M. D'Agostino, J.D. Dinius, A
Ferrero, C.K. Gelbke, T. Glasmacher, DO. Handzy, D. Horn, W.C. Hsi, M. Huang, I. Iori,
M.A. Lisa, W.G. Lynch, G.V. Margagliotti, P.M. Milazzo, C.P. Montoya, A Moroni, G.F.
Peaslee, L. Phair, F. Petruzzelli, R. Scardaoni, C. Schwarz, M.B. Tsang and C. Williams
Phys. Rev. C52 (1995) 818

OCTUPOLE VIBRATIONS AT HIGH ANGULAR MOMENTA
T. Nakatsukasa
XXIV Mazurian Lakes School of Physics, Proceedings of the Acta Physica Polonica
Piaski, Poland, 1995 August 27-September 3

RESONANT COHERENT EXCITATION OF N6* AND Mg11+ IN PLANAR
CHANNELING: ANISOTROPIES IN IONIZATION PROBABlLrnES AND X-RAY
EMISSION
S. Datz, P.F. Dhtner, H.F. Krause, C.R. Vane, O.H. Crawford, IS . Forster, G.S. Ball,
W.G. Davies and J.S. Geiger
Nucl. Instr. and Meth. B (1995) 272

COMMENTS ON "THREE-BODY RESONANCES IN *HE, *Li AND 'Be, AND THE
SOFT DIPOLE MODE PROBLEM OF NEUTRON HALO NUCLEI"
A.C. Hayes and S.M. Sterbenz
Phys. Rev. C52 (1995) 2807

NECK FORMATION AND DECAY IN Pb+Au COLLISIONS AT 29 MeV/u
J.F. Lecolley, L. Stuttge, M. Aboufirassi, B. Bilwes, R. Bougault, R. Brou, F. Cosmo, J. Colin,
D. Durand, J. Galin, A Genoux-Lubain, D. Guerreau, D. Horn, D. Jacquet, J.L. Laville,
F. Lefebvres, C. Le Brun, O. Lopez, M. Louvel, M. Mahi, C. Meslin, M. Morjean, A Peghaire,
G. Rudolf, F. Scheibling, J.C. Steckmeyer, B. Tamain and S. Tomasevic
Phys. Lett. B354 (1995) 202

COMPLETE ENERGY DAMPING IN 29 MeV/NUCLEON Pb+Au 2-BODY FINAL
STATE REACTIONS
R. Bougault, IF. Lecolley, M. Aboufirassi, A Badala, B. Bilwes, R. Brou, J. Colin, F. Cosmo,
D. Durand, J. Galin, A Genoux-Lubain, D. Guerreau, D. Horn, D. Jacquet, J.L. Laville,
C. Le Brun, F. Lefebvres, O. Lopez, M. Louvel, M. Mahi, M. Morjean, C. Paulot, A Peghaire,
G. Rudolf, F. Scheibling, J.C. Steckmeyer, L. Stuttge, S. Tomasevic and B. Tamain
Nucl. Phys. A587 (1995) 499

STRONG POPULATION OF A SUPERDEFORMED BAND IN 142Eu
S.M. Mullins, S. Flibotte, G. Hackman, J.L. Rodriguez, J.C. Waddington, AV. Afanasjev,
I. Ragnarsson, H.R. Andrews, A Galindo-Uribarri, V.P. Janzen, D.C. Radford, D. Ward,
M. Cromaz, J. DeGraaf, T.E. Drake and S. Pilotte
Phys. Rev. C52 (1995) 99
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HIGH-SPIN STATES IN DOUBLY ODD 114I
E.S. Paul, H.R. Andrews, T.E. Drake, J. DeGraaf, V.P. Janzen, S. Pilotte, D.C. Radford and
D.Ward
Phys. Rev. C52 (1995) 1691

RESPONSE OF MICA TO WEAKLY INTERACTING MASSIVE PARTICLES
J. Engel, M.T. Ressel, IS. Towner and E. Ormand
Phys. Rev. C52 (1995) 2216

NUCLEAR PHYSICS AT CHALK RIVER, AN HISTORICAL PERSPECTIVE
W.G. Davies
Physics in Canada (1995) 270

CURRENTS AND THEIR COUPLINGS IN THE WEAK SECTOR OF THE STANDARD
MODEL
IS. Towner and J.C. Hardy
Chapter in book titled "Symmetries and Fundamental Interactions in Nuclei", eds. E.M Henley
and W.C. Haxton (World Scientific, Singapore, 1995) pp. 183-249

Conference Contributions

DEVIATIONS OF 16O-INDUCED K-XRAY YIELDS FROM Zx2 DEPENDENCE
S.Y. Tong, J.A Davies, IS . Forster, H.K. Haugen and T.E. Jackman
16th International Conference on Atomic Collisions in Solids, Linz, Austria, 1995 July 17-21

OPPORTUNITIES FOR SEE TESTING AND RESEARCH AT THE CHALK RIVER
TASCC HEAVY ION FACILITY
H.R. Andrews, J.S. Geiger, H. Schmeing and G.R. Mitchel
Nuclear Space Radiation Conference '95, Madison, Wisconsin, 1995 July 17-21
Workshop Record, 1995 IEEE Radiation Effects Data Workshop

THE 10C SUPERALLOWED BRANCHING RATIO AND THE CABJJ3BO-KOBAYASHI-
MASKAWA MATRIX UNITARITY
G. Savard, A Galindo-Uribarri, E. Hagberg, J.C. Hardy, V.T. Koslowsky, D.C. Radford and
IS. Towner
Int. Nuclear Physics Conference 1995, Beijing, China, 1995 August 21-26

THE PENNING TRAP MASS SPECTROMETER
G. Savard, E. Hagberg, J.C. Hardy, V.T. Koslowsky, MJ. Watson, F. Buchinger, J.E.
Crawford, J.K.P. Lee, R.B. Moore, R.C. Barber and K.S. Sharma
Int. Nuclear Physics Conference 1995, Beijing, China, 1995 August 21-26

SUPERDEFORMATION BELOW N=73
A Galindo-Uribarri, M. Cromaz, J. DeGraaf, T.E. Drake, S. Flibotte, V.P. Janzen, S.M.
Mullins, D.C. Radford, I. Ragnarsson and D. Ward
Int. Nuclear Physics Conference 1995, Beijing, China, 1995 August 21-26
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ELASTIC RECOIL DETECTION ANALYSIS (ERDA)WITH EXTREMELY HEAVY
IONS
J.S. Forster, P.J. Currie, J.A Davies, R. Siegele, S.G. Wallace and D. Zelenitsky
ECAART 4, Zurich, Switzerland, 1995 August 29-Sept. 2

ELASTIC RECOIL DETECTION (ERD) OF LIGHT ELEMENTS IN THE NEAR-
SURFACE REGION OF Zr AND ITS ALLOYS FOLLOWING CORROSION
J.S. Forster, J.A Davies, R. Siegele, S.G. Wallace and R.L. Tapping
9th International Conference on Surface Modification of Metals by Ion Beams, San Sebastian,
Spain, 1995 September 4-8

THE ORIGIN OF SAMPLE MEMORY IN THE CHALK RIVER AMS SPUTTER ION
SOURCE
V.T. Koslowsky, H.R. Andrews, W.G. Davies, J.S. Forster and Y. Imahori
6th International Conference on Ion Sources, Whistler, B.C., 1995 September 10-16

HEAVY ION CHANNELING
J.U. Andersen, G.C. Ball, J. Chevallier, J.A Davies, W.G. Davies, J.S. Forster, J.S. Geiger and
H. Geissel
Proceedings of Workshop on Channeling and Other Coherent Crystal Effects at Relativistic
Energy, 1995 July 10-14, Aarhus, Denmark

Invited Lectures

OCTUPOLE VIBRATIONS AT HIGH ANGULAR MOMENTA
T. Nakatsukasa
Workshop on High Angular Momentum Phenomena, Piaski, Poland, 1995 August 23-27

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
1995 International Chemical Congress of Pacific Basin Societies, Honolulu, Hawaii, 1995
December 17-22

INTERACTION OF HEAVY IONS WITH MATTER
J.S. Forster
Colloquium presented at the Dipartimento di Fisica, Bologna University, Bologna, Italy
1995 September 12

BREAKDOWN AND DAMPING OF OCTUPOLE VIBRATIONS AT HIGH ANGULAR
MOMENTUM
T. Nakatsukasa
INT Workshop on Nuclear Structure Under Extreme Conditions
1995 October 2-December 15, Seattle, U.S.A
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NUCLEAR PHYSICS AT CHALK RIVER LABORATORIES
T. Nakatsukasa
Kyoto University
1995 October 25, Kyoto, JAPAN

BREAKDOWN AND DAMPING OF OCTUPOLE VIBRATIONS AT HIGH ANGULAR
MOMENTUM
T. Nakatsukasa
Yukawa Institute for Theoretical Physics
1995 October 31, Kyoto, Japan

VIBRATTONAL EXCITATIONS AT HIGH ANGULAR MOMENTUM
T. Nakatsukasa
Kyushu University
1995 November 2, Fukuoka, Japan

BREAKDOWN AND DAMPING OF OCTUPOLE VIBRATIONS AT HIGH ANGULAR
MOMENTUM
T. Nakatsukasa
RIKEN
1995 November 6, Wako, Japan

THEORETICAL UNCERTAINTIES IN THE CALCULATION OF THE 12C(Vu, uO12N
CROSS SECTION
AC. Hayes
1995 Santa Fe Workshop on "Massive Neutrinos and Their Implications"

P,T-VIOLATING NUCLEAR POTENTIALS
AC. Hayes
Workshop on "Parity and Time Rerversal Violation In Compound Nuclear States and Related
Topics"
ECT, Trento, Italy, 1995 October 16-27

MEDIUM MODIFICATION OF PNC MATRIX ELEMENTS
AC. Hayes
Workshop on "Parity and Time Reversal Violation In Compound Nuclear States and Related
Topics"
ECT, Trento, Italy, 1995 October 16-27

PARITY VIOLATION IN LIGHT VERSUS HEAVY NUCLEI
AC. Hayes
Workshop on "Parity and Time Reversal Violation In Compound Nuclear States and Related
Topics"
ECT, Trento, Italy, 1995 October 16-27
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STRUCTURE OF NEUTRON HALO NUCLEI
AC. Hayes
CAP Annual Congress, University of Laval, 1995 June

ACCELERATOR MASS SPECTROMETRY AT CHALK RIVER: APPLICATIONS AND
DEVELOPMENTS
V.T. Koslowsky
Physics Department, University of Manitoba, 1995 October 6
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1.5 PUBLICATIONS. REPORTS, LECTURES AND CONFERENCE
CONTRIBUTIONS (TASCC ACCELERATORS AND DEVELOPMENT
BRANCH)

Publications

A MICROWAVE DRIVEN NEGATIVE ION SOURCE
J.S.C. Wills, H. Schmeing, W.T. Diamond, J. Diserens, Y. Imahori and T. Taylor
Proceedings of the Sixth International Conference on Ion Sources, TRIUMF, Whistler, B.C.,
1995 September 10-16, Review of Scientific Instruments (AIP) publisher

EFFICIENT NEGATIVE ION SOURCES FOR TANDEM INJECTION
W.T. Diamond, Y. Imahori, J.W. McKay, J.S.C. Wills and H. Schmeing
Proceedings of the Sixth International Conference on Ion Sources, TRIUMF, Whistler, B.C.,
1995 September 10-16, Review of Scientific Instruments (AIP) publisher

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

CYCLOTRON RUN LIST, 1985 THROUGH 1995 DECEMBER
L.W. Thomson
SCC Note (Series H) #102.5

RUN DIARY: 197Au-8 PRODUCTION (1995 NOVEMBER 14/17)
L.W. Thomson
SCC Note (Series II) # 109.1

METHOD USED TO CALIBRATE THE LEB GRID VOLTAGE
N.A. Towne
SCC Note (Series II) #132.2

RUN DIARY: PRODUCTION OF 7Li-25 (1995 SEPTEMBER 29/OCTOBER 1)
L.W. Thomson
SCC Note (Series H)# 187.1

A RADIOACTIVE ION BEAM FACILITY FOR THE TASCC FACILITY BASED ON AN
ELECTRON LINAC PREACCELERATOR
W.T. Diamond
SCC Note (Series II) #198.7

RUN DIARY: 197Au-12, -10 DEVELOPMENT, 197Au_8 PRODUCTION
(1994 OCTOBER 13/22)
L.W. Thomson
SCC Note (Series H)# 199
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EVENT INVESTIGATION COURSE, 1994 OCTOBER 22-26
L.W. Thomson
SCC Note (Series II) # 200

RUN DIARY: PRODUCTION OF 74Ge-4.03 AND 12C-23 (1994 NOVEMBER 2/15)
L.W. Thomson
SCC Note (Series E )# 201

RUN DIARY: DEVELOPMENT OF 58Ni-34.5 AND 63Cu-31.5 (1995 JANUARY 17/20)
L.W. Thomson
SCC Note (Series II) # 202

RUN DIARY: PRODUCTION OF 197Au-10 (1995 MAY 1/4)
L.W. Thomson
SCC Note (Series U) # 203.1

FEASIBILITY STUDY OF A STRIPPER FOIL AT EXTRACTION
E.H. Lindqvist
SCC Note (Series U) # 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.Hofimann
SCC Note (Series U)# 205

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

RUN DIARY: DEVELOPMENT OF 12C-22, PRODUCTION OF 12C-22, 12C-23
(1995 FEBRUARY 27/MARCH 5)
L.W. Thomson
SCC Note (Series n ) # 207

RUN DIARY: DEVELOPMENT OF 24Mg-45,18O-36.5 (1995 APRIL 16/20)
L.W. Thomson
SCC Note (Series II) # 208

RUN DIARY: PRODUCTION OF 24Mg-45 AND 18O-36.5 (1995 JUNE 27/JULY 7)
L.W. Thomson
SCC Note (Series E) # 208.1

RUN DIARY: DEVELOPMENT OF 209fiI-6.35 (1995 MAY 26/30)
L.W. Thomson
SCC Note (Series II) # 209.0
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TASCC VIDEO LIST
L.W. Thomson
SCC Note (Series II) # 210.0

1995 PAC PRESENTATIONS BY TASCC A&D STAFF, 1995 MAY 19
L.W.Thomson
SCC Note (Series H) # 211.0

OVERVIEW OF TASCC: OPERATION AND DEVELOPMENT
H. Schmeing
SCC Note (Series H)# 211.1

TASCC CONTROL SYSTEM UPGRADE
B.F. Greiner
SCC Note (Series H) # 211.3

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

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

AMKEDBAG
E.H. Lindqvist
SCC Note (Series II) # 211.6

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

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

REQUIRED STABILITIES OF SOME SYSTEMS IN THE SCC
EH. Lindqvist
SCC Note (Series n ) # 212

COMPUTER READB ACK OF THE RF SYSTEM FREQUENCY
N.A. Towne
SCC Note (Series II) #213
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RUN DIARY: DEVELOPMENT OF 76Ge-12, 18O-36.5, 12C-45 AND 24Mg-45
(1995 JUNE 24/29)
L.W. Thomson
SCC Note (Series H)# 214

RUN DIARY: PRODUCTION OF 76Ge-12 (1995 JULY 28/30)
L.W. Thomson
SCC Note (Series II) # 214.1

RUN DIARY: DEVELOPMENT, PRODUCTION OF 127I-19, 209Bi-5.4, 7Li-25, 81Br-25

AND 18O-36.5 (1995 AUGUST 21/28)
L.W. Thomson
SCC Note (Series H)# 215

BEAM DYNAMICS OF THE FRINGE FIELD
N.A, Towne
SCC Note (Series JJ)# 216

RUN DIARY: 32S-21 DEVELOPMENT AND PRODUCTION (1995 DECEMBER 9/13)
G.R. Mitchel
SCC Note (Series H)# 217

Invited Lectures

EFFICIENT NEGATIVE ION SOURCES FOR TANDEM INJECTION
W.T. Diamond
6th International Conference on Ion Sources, TRIUMF, Whistler, B.C., 1995 September 10-16

MICROWAVE ION SOURCE DEVELOPMENT AT CRL
J.S.C. Wills
Workshop on Ion Sources for RIB Facilities, TRIUMF, Whistler, B.C., 1995 September 10-16

A MICROWAVE-DRIVEN SOURCE FOR THE PRODUCTION OF INTENSE
NEGATIVE ION BEAMS FOR TASCC
H Schmeing
14th International Conference on Cyclotrons and Their Applications, City of Cape Town, South
Africa, 1995 October 8-13
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3.1 RESEARCH

3.1.1 Inelastic Neutrino Scattering On 13C

A.C. Hayes and I.S. Towner (Nuclear Physics Branch)

A measurement of the reaction 12C(Un, \i) near threshold using a %+ decay-in-flight uH beam from
the Los Alamos Meson Physics Facility and a massive liquid scintillator neutrino detector (LSND)
obtains a flux-averaged inclusive cross-section of 8.3 ± 1.7 x 10"40 cm2 (Albert et al., Phys. Rev. C51
(1995) 1065) in an energy region 123.7 < E^ < 280 MeV. This result is more than a factor of two
lower than that predicted by a continuum random phase approximation (RPA) calculation (Kolbe et
al., Phys. Rev. C49 (1994) 1122). This discrepancy is not understood.

One of the possible shortcomings of the RPA calculation is that it is based on a closed-shell, D3/28,
configuration for 12C and one-particle one-hole (lp-lh) states in 12N. Cohen and Kurath (Nucl. Phys.
73 (1965) 1) showed a long time ago that there is considerable mixing between the 03/2 and pm
orbitals, particularly in the 12C ground-state wavefunction. The strong isovector Ml transition is some
four times weaker in a configuration-mixed calculation than in a pure D3/28 -» PsaPui evaluation. Kolbe
et al. have recognized this and introduced reduction factors in their calculations.

It seemed to us that an alternative shell-model approach rather than an RPA treatment might be worth
investigating. We have written a code to compute the neutrino absorption cross-section from the
charged-current weak interaction in a form suitable for the introduction of nuclear structure matrix
elements from shell model codes. Matrix elements of many-body states can be factorized as

<Jfi<^J ) | |Ji>= ? <Jf||[aja+ajpf||J i><ja | |O ( J ) | |jp>
jajfi

for one-body operators, CP, of multipolarity J. The first factor is known as the one-body density
matrix element (obdme) and is the expectation value of coupled creation and annihilation operators
involving orbitals j a and jp. The second factor is the single-particle reduced matrix element. The
obdme's are computed in shell-model codes and entered as data files into the neutrino-absorption code.
We have begun some exploratory calculations using a model space of

S1/2,

for the positive parity states, and

(P3/2, Pl/2) (dv2, S1/2, d3/2)

for the negative parity states.
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3.1.2 Precise Branching Ratio Measurement In The Beta Decay of 31Na

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

Precise beta decay asymmetry measurements on 21Na and 37K are being prepared by the neutral
atom trap groups at TRIUMF and at Berkeley. To serve as a stringent test of fundamental weak
interaction properties the interpretation of these measurements require accurately known ft
values, which are presently not available. We have set out to improve the accuracy of the ft
values by precise branching ratio measurements of major excited state branches in these decays.
We reported on a 37K measurement in the previous issue (PR-TASCC-10: 3.1.3; AECL-11417)
and we have now completed a measurement of 21Na.

Atoms of 21Na were produced in the 24Mg (p,a) reaction. A stack of 15 thin targets were used
and the reaction products were transported with the He-jet system to our skimmer ion source
where Na ions were produced by surface ionization. The ionized species were analyzed with the
ISOL and pure samples of 21Na were implanted into our aluminized transport tape. Samples
were periodically moved to a counting location where they were stopped in the middle of a 47i gas
detector. A 68% HPGe detector observed y rays from the sample through the thin-walled
detector. The total 21Na decay strength of the samples were determined from multiscaled
positron events seen in the gas counter. The strength of the 3 branch to the 351 keV excited state
in 21Ne was determined from 0-y coincidences. Other (3 branches were so weak that they could
be ignored.

The decays of 550 million 21Na atoms were recorded during the experiment. This data set should
permit us to determine the relevant branches in 2lNa with sufficient precision so that their
contribution to the ft value uncertainty is below 0.1%.

3.1.3 Beta Decay of **V

IS. Towner (Nuclear Physics Branch)

Beta decays of proton-rich nuclei with large Qp windows span a large fraction of the Gamow-
Teller strength function and consequently provide demanding tests of theoretical shell-model
calculations. The decay of ^V is particularly interesting as the full (Oh®) shell-model calculation
in the fp-shell is feasible, and tests of truncation schemes within that model space can therefore be
explored. In heavier nuclei, such as 52Co, full fp-shell calculations are not possible and a proven
truncation scheme is essential.

The decay of 44V has been measured in a TASCC experiment. Branches are observed to three 2+,
T=0 states and to the isobaric analogue state (IAS) 2+,T=l in the daughter nucleus, **Ti. A full
fp-shell calculation for this decay has been given by Martinez-Pinedo and Poves (Phys. Rev. C48
(1993) 937) who use a slightly modified version of the Kuo-Brown G-matrix for the effective
interaction. The results are given in Table 1. It is noted that the principal decay branches are
reproduced and the computed lifetime agrees well with experiment. The calculation suggests
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about 10% of the decay branches go to states at higher excitation energy than the IAS, notably to
the 1+, T=l and 3+, T=l states around 7.3 MeV. The main shortcoming of the calculation is that
only two 2+, T=0 states are produced at energies below the IAS, compared to three observed in
the beta-decay experiment, and six listed in the nuclear data tables of Endt (Nucl. Phys. A521
(1990) 1). These additional states undoubtedly are intruder states of configuration (sd)"2 (pf)6

The nucleus, "V, also has a low-lying isomeric state that decays 100% by beta emission. The
experimental observation of this decay together with a full fp-shell calculation is given in Table 2.
Again the calculation reproduces the main branches, predicts a lifetime in agreement with
experiment, and suggests that about 10% of the decays go to states at higher excitation energies
than the IAS.

TABLE 3.1.3.1

Branching ratios for allowed Gamow-Teller transitions in the beta decay

of44V(2*)from two theoretical calculations compared with experiment

Only states with theoretical branching ratios greater than 1% are tabulated.

J";T

2+;0

2+;0

2+;0

2+;l

ti/2(ms)

Experiment

Ex

1.08

2.53

4.12

6.61

= 111.1

BR%

32.0

23.2

14.7

30.1

±5.8

J*;T

2+;0

2+;0

2+;l

i+;i

3+;l

Theo-fD

Ex

2.33

4.41

6.61

7.31

7.35

ti/2(ms)=116

BR%

42.6

11.9

33.6

5.6

3.7

.2

1

J*;T

2+;0

2+;0

2+;l

3+;i

Ex

2.74

4.82

6.61

7.32

7.38

t1/2 (ms) =

BR%

51.6

5.2

32.7

4.8

4.9

108.6
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TABLE 3.1.3.2

Branching ratios for allowed Gamow-Teller transitions in the beta decay

of44mV(6^)from two theoretical calculations compared with experiment

Only states with theoretical branching ratios greater than 1% are tabulated.

Experiment Theo-fp

J*;T Ex BR% J*;T Ex BR% J";T Ex BR%

6+;0 4.02 53.0

6+;l 6.85 41.0

6;0

6+;0

6+;l

5+;0

7+;0

7+;l

6+;0

5+ l

4.30

6.53

6.85

7.56

7.56

7.65

7.76

8.13

44.6

0.1

40.3

0.9

1.0

2.1

7.0

2.5

6+;0

6+;0

6+;l

5+;0

7+;0

7+:l

5.11

6.86

6.85

7.51

7.82

7.64

45.5

2.6

42.5

2.2

1.2

2.6

5+;l 8.14 1.7

t1/2(ms) = 149.9 ± 2.7 ti/2(ms) = 149.2 tia (ms) = 151.8

Next we consider a truncated model space in which only two of the fp-shell orbitals are active,
namely the f7/2 and p3/2 orbitals, while the spin-orbit partner orbitals, f5/2 and p ^ , are excluded
from the model space. What is required is a renormalized effective interaction, Vs, operating in
the truncated space that leads to the same eigenvalues as the original interaction operating in the
full fp-space. Bloch and Horowitz give a formal solution to this problem as a perturbation
expansion in the original interaction, V:

V + VfFV+ ...
AE

Here Q is a projection operator that restricts the intermediate states to being inside the full fp-
space but outside the truncated space, and AE is the unperturbed energy difference between states
inside and outside the truncated space, which is given in terms of differences in single-particle
energies of the orbitals involved. In evaluating AE we make the single-particle energies in the
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truncated space degenerate, Sn = 8p3 =0.0 MeV, and likewise in the excluded space, Za = Epi =
Ap, where Ap will typically be of the order of the spin-orbit splitting, about 5 MeV. By making
these single-particle energies degenerate, we guarantee a Hermitian renormalized interaction, V*^
In practice, we adjusted Ap such that the renormalized interaction computed through to second
order produced a ground-state eigenenergy for '"Ti in agreement with the full fp-shell calculation.
This required Ap = 4.58 MeV, a perfectly reasonable value. Note that in second order, the
interaction VQV produces both two-body and three-body operators. We neglect the three-body
terms and let the parameter Ap essentially absorb their impact.

The one-body Gamow-Teller operator, T, must likewise be renormalized for use in a truncated
model space. Again there is a perturbation expansion in V, which through to second order reads

= T + iSL v + V-^ rT + T - T F V ~ ^ V + V - ^ T - ^ V ^ ^
AE AE AE AE AE AEAE y AE AE AE AE AE AE AE

-VPV——— T - T——— VPV - — V——— VPT - — TPV———V
(A£,)

where P is a projection operator that restricts the intermediate states to being within the truncated
space, P=l-Q. Note that the first-order terms, TQV, lead to both one-body and two-body
transition operators, while in second order terms such as TQVQV lead to one-body, two-body
and three-body operators. Again we will neglect three-body operators.

The results of these truncated space calculations are given in Tables 1 and 2, where they can be
compared with full fp-shell calculations. The comparison is very reasonable, suggesting this
procedure could be usefully implemented in heavier fp-shell nuclei.

Finally, we return to the question of intruder states and try to accommodate them through a
similar application of renormalization theory. The full space, now, involves two major oscillator
shells, (dsa, S1/2, d3/2) and (fa, P3/2, fa, P1/2) and the effective interaction in the full space is drawn
from: the universal sd-interaction (USD) of Wildenthal for the sd-orbitals, the slightly modified
Kuo-Brown interaction for the pf-orbitals and the Millener-Kurath interaction for the cross-shell
interaction. The truncated space will include only the d3/2 and fa orbitals, and the renormalized
interaction, V**, and operator, Teff, are obtained from solving the Bloch-Horowitz equations. The
resulting spectrum for '"Ti is very poor, with a large 10 MeV energy gap between states of
configuration d$a'2fa6 and fa*. This indicates too strong an off-diagonal matrix element,
<d21Vs \ f>, between the d- and f-orbitals. We reduced this matrix element by a factor of four
to get this splitting about right, but the deleterious consequence is that there is very little
configuration mixing in the states. This is evident in Table 3, where the calculated spectrum
shows five 2+;0 states at energies below the IAS, but only the lowest has any significant beta
strength. Experiment shows far more spreading of the strength among the states. It is clear that
the intruder states, which are known to be well deformed, cannot be adequately represented in a
small spherical model basis, even with renormalized operators.
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TABLE 3.1.3.3

Branching ratios for allowed Gamow-Teller transitions in the beta decay

of44V(2+)from a (dsnlfm) - model space calculation compared with experiment

J*;T

Experiment

Ex BR%

Theo-df

Ex BR%

2;0

2+;0

(2,3)+;0

2+;0

2+;0

2+;0

2 + l

1.08

2.53

3.42

4.12

5.06

6.22

6.61

32.0

23.2

14.7

30.1

ti/2(ms)= 111.1 ±5.8

2;0

2+;0

2+;0

2+;0

2+;0

2+;l

i+;i

3+;i

2.56

4.33

5.73

5.93

6.36

6.61

7.19

7.54

ti/2(ms)= 114.8

57.6

2.5

0.3

0.1

0.0

31.5

4.6

3.2

3.1.4. Analysis of n+ Yield From Pionic Fusion Experiment

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

Our recent measurement of the cross section for pionic fusion in the I2C(I2C,24Mg)7t° reaction at
Em « 137 MeV (PR-TASCC-10: 3.1.9; AECL-11417) implies that the "C^C^Nafa* channel
should also be observed in the same reaction. The two channels access similar energy ranges
containing essentially the same T=l states in the two A=24 isobars, which should be formed with
the same probability. Nevertheless, a precise prediction for the relative yields of the two channels
was not straightforward, since the upper part of the accessible energy range in 24Mg is proton-
unbound, and the 24Na yields are reduced by the Coulomb barrier for charged pion emission. A
calculation explicitly including all accessible T=l states gives approximately a factor of two more

for the 7i° cross section than the 7t+ cross section, but since about half the 24Mg ions produced are
unstable against proton decay, the two A=24 residues should be observed with comparable cross
sections.



3-7

The thick-target experiment (PR-TASCC-9: 3.1.10; AECL-11239) was analyzed and gave a net
cross section of 227148 picobarns for the 12C(12C,24Na)jt+ reaction, based on a gross (peak +
background) sample of 68 candidate events. The velocity spectrum of the residue shows a
depletion at the compound nucleus velocity, consistent with forward/backward peaking of the
pion production process.

For the 24Na measurement, data taken without the timing counter could not be used due to
overlap of other isotopes in the identification spectra. For this reason, the thin-target data sample
was very small (7 candidate events) and the background-subtracted cross section of 23+90 pb had
a limited statistical impact on the overall average for the l2C(12C,24Na)7t+ cross section, which was
182184 pb. This value is indeed comparable to the average for all 12C(12C,24Mg)7t° measurements,
which is 208138 pb.

3.1.5 Excitation Energy Division In Projectile Break-Up Reactions

D.R. Bowman, G.C. Ball, D. Fox, A. Galindo-Uribarri, E. Hagberg and D. Horn
(Nuclear Physics Branch)
N. Colonna, G. DTErasmo, E. Fiore and A. Panteleo (INFN and Universita1 Ban,
Bari, Italy)
L. Beaulieu, Y. Larochelle, R. Roy and C. St. Pierre (Universite Laval)
G. Tagliente (TRIUMF)

An experiment was performed to measure the excitation energy of target-like fragments (TLF) as
a function of the excitation energy of reconstructed quasi-projectiles (QP) on the reaction of 43 A
MeV 35C1 with 181Ta. The excitation energy of complete 35Cl-like QPs can be determined from
the QP-frame kinetic energies and the entrance- and exit-channel mass excesses. The excitation
of 181Ta-like target fragments can be determined from the neutron kinetic energy spectra and the
deduced neutron multiplicities.

Charged fragments were detected with the CRL/Laval Forward Array in the angular range of 6.9
- 46 degrees. Neutrons were detected at emission angles of 60, 75, 90, 105, 120, 150 and 165
degrees with eight BC 501 scintillation detectors provided by INFN, Bari. To correct for
inscattered neutrons, background spectra were obtained with each of the detectors shadowed, in
turn, by a 30 cm stainless steel bar. Two of the detectors were also shielded on the top, bottom,
and sides by approximately 20 cm of water. Comparison of the data taken with the shadow bar in
to that taken with the shadow bar out indicates that the shielding decreased the background rate
by about a factor of two.

In one week of beam time approximately 200 million neutron-detector-Forward-Array
coincidence events were collected. To complete this experiment, data triggered by the Forward
Array will be taken to determine the neutron multiplicities associated with different QP exit
channels.
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3.1.6 Recoil Distance Measurements in n4Xe and 116Xe

J. DeGraaf, M. Cromaz and T.E. Drake (University of Toronto)
V.P. Janzen, DC. Radford and D. Ward (Nuclear Physics Branch)

We have performed an experiment with the 8TC spectrometer to measure the lifetimes of the low-
lying states of 114Xe and n6Xe using the recoil distance technique. A recent study of the
systematics of B(£2; 0* -» 2\) values of the xenon isotopes (S. Raman et al., Phys. Rev. C, 52
(1995) 1380) indicates that there is a sharp rise in the deformation in the lighter isotopes as the
mass number decreases from A = 122 to A = 118. The ability of various empirical and
microscopic models to reproduce this effect was investigated by Raman et al.; as each model
makes specific predictions about the deformations of even lighter xenon isotopes (A < 116), it is
of interest to measure the B(£2) values and compare the deformations extracted from them with
the predictions.

The yrast bands of m X e and 116Xe were populated with the reactions 58Ni(58Ni,2p) and
58Ni^Ni,2p) at bombarding energies of 215 and 223 MeV respectively. These particular
reactions were chosen for their clean y-ray spectra when measured in "germanium singles" mode,
gating on only the highest total energy events as measured in the BGO inner ball. A thin gold
retarding foil was used in place of the usual thick stopping foil in order that the fast transitions
higher up the yrast band would not be severely broadened by the slowing down process.

Detailed analysis of the data is in progress, but preliminary results indicate a sharp decrease in
deformation of 114Xe as compared to 116Xe and 118Xe, which is in qualitative agreement with the
algebraic models investigated by Raman et al.

3.1.7 Spectroscopic Studies of the nsIn Nucleus

U. Garg, S. Ghugre, B. Kharraja and S. Naguleswaran (University of Notre Dame)
R. Kaczarowski and E. Ruchowska (Soltan Institute of Nuclear Studies, Poland)
J. Sears, S. Grundel and D.B. Fossan (S.U.N.Y. Stony Brook)
V.P. Janzen, A. Galindo-Uribarri and G.C. Ball (Nuclear Physics Branch)

The nucleus m I n was recently investigated as part of our continuing study of nuclear structure
near the Z = 50 closed shell (PR-TASCC-07: 3.1.24; AECL-11028). The primary impetus for
these studies has been the observation of intruder-type rotational bands in the Sb (Z = 51) nuclei
(V. Janzen, Phys. Scr. T56 (1995) 144) and in the Z=49 nuclei l 09-m '113in (S. Mullins etal, Phys.
Lett. B318 (1993) 592, and S. Naguleswaran et al., Bull. Am. Phys. Soc. 39, 1251 (1994)).

The 100Mo(18O,p2n) reaction, at a beam energy of 65 MeV, was employed to form I15In. The
target consisted of two 350 ug/cm2-thick, self-supporting foils. The y-ray detection was
accomplished by means of the 87C-spectrometer, in conjunction with charged-particle detection in
the miniball Csl-detector array. The data were sorted into standard y-y matrices and analyzed.



3-9

Although many new spherical states have been found, there has been no clear evidence of any
rotational structures of the type seen in the lighter-mass In nuclei. This might be attributable to the
rather low angular momentum brought in by the reaction employed in the experiment. Further
analysis is in progress at the University of Notre Dame.

3.1.8 High Spin States in 131Nd and 128Ce

A. Galindo-Uribarri, V.P. Janzen and D. Ward (Nuclear Physics Branch)

The 871 y-ray spectrometer and the miniball were used in a short test run to investigate the population
of high spin states in 131Nd and 128Ce with the ^Ca + ^Mo reaction. This new series of experiments is
a continuation of our program aimed at understanding the origins of superdeformation in the mass 130
region.

The ^Ca beam at 170 MeV had an intensity of about 5 pnA. The target was a single foil of enriched
94Mo of 1.2 mg/cm2 thickness. Approximately 40 million y-y-particle and higher multiplicity events
were collected with a BGO fold K greater than 7. To obtain an intense and stable beam it was
necessary to use fresh cones of ̂ CaHs. The same reaction was used in a short run (1.5 million events)
at a bombarding energy of 180 MeV which, together with a previous test in January 1995 at 176 MeV,
gives us the information needed to optimize conditions in future experiments.

The 170 MeV data were sorted into Ey-Ey matrices gated by conditions on the light charged particles.
The strongest exit channels were 131Nd (2pn), 131Pr(3p), and 128Ce(a2p). In an a-gated matrix we
found a new strongly-coupled band and tentatively assign it to 128Pr. Previously, in an experiment done
at Strasbourg with the "Chateau de Crystal", 128Ce was studied with the reaction 94Mo(37Cl,p2n) at a
bombarding energy of 158 MeV (G. Cata-Danil Z. Phys. A 339 (1991) 313. We observe the five
collective bands reported in that experiment.

In the proton-gated matrix (Mp = 1-4, Ma = 0) we see all the known bands of 131Nd. The g*2
superdeformed band in 131Pr, previously seen in a 4n channel (A. Galindo-Uribarri et al Phys. Rev. C.
50 (1994) R2655), was clearly observed in the 3p channel even with this limited data set. An
experiment to obtain data of good statistical quality has been scheduled.



3-10

100

3
o
o

50

0
200 600

Figure 3.1.8.1 Summed coincidence y-spectrum obtained by setting gates at Ey = 92, 134, 157,
211, 220, 283, 503, and 566 keV. The transitions correspond to a band tentatively assigned to
mPr.

3.1.9 Lifetime Measurements of Strongly Deformed Rotational Bands in 133Pm

A. Galindo-Uribarri, D. Ward, H.R. Andrews, G.C. Ball, DC. Radford and
V.P. Janzen (Nuclear Physics Branch)
S.M. Mullins and J.C. Waddington (McMaster University)
A. Afanasjev and I. Ragnarsson (Lund. Inst. of Technology)

We have recently shown that in l31Pr there are superdeformed bands at low spin, which are based
on excited shell gaps for p2=0.4 near Z=58, N=72 and are stabilized by the deformation-driving
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property of holes in the upsloping g9/2 orbital. (A. Galindo-Uribarri et al. Phys. Rev. C50 (1994)
p. 2655). A similar band exists in 129Pr (A. Galindo-Uribarri et al. TASCC-9 (1994); 3.1.15);
however, its deformation has not been determined. A natural extension of this work is to search
other odd-Z nuclei in the region to learn the systematics of the effect. The most obvious
candidate is 133Pm and this nucleus was chosen for study.

The Tandem accelerator at TASCC provided a beam of ^Ca ions at 176 MeV. The beam (typically 4
pna) was directed onto a target comprising a ruthenium foil of 400 ug cm*2 enriched to 98% in 96Ru,
backed with a gold foil of 12.5 mg cm"2. The gold foil was thick enough to stop recoils from fusion
reactions. Gamma-ray spectroscopy was performed with the 8rc spectrometer. Events were processed
and written to tape on a trigger of >9 hits on the BGO ball and >2 hits on the HPGe array (after
suppression).

A variety of replay programs were used in processing the data. For the spectroscopy of 133Pm, all
coincident pairs recorded in the HPGe array were stored in an Ey-Ey coincidence matrix with
conditions on the sum y-ray energy, H, registered in the BGO ball, 12 < H < 25 MeV. This range was
chosen to enhance the 3-particle-out channels, e.g. 133Pm, at the expense of the 2-particle (higher H)
and four-particle (lower H) channels. This matrix contained 154 x 106 pairs.

For the application of DSAM techniques, events were sorted into two matrices, (1) all HPGe detector
angles versus the forward ring (+37°), and (2) all angles versus the backward ring (-37°). The same
conditions on H were applied and these matrices contained approximately 80 x 106 pairs. For
applications of y - y directional correlation techniques (hereafter called DCO ratios) a variety of
matrices were constructed, but the most useful results were obtained by considering intensity ratios
between a matrix containing only ± 37° pairs and a matrix containing only ±79° pairs. The same
conditions on H were applied, and these matrices contained approximately 43 x 106 and 31 x 106

pairs respectively.

The level scheme for 133Pm has been studied most recently by Regan et al (Nucl. Phys. A533 (1991)
476). The present level scheme is shown in Figure 3.1.9.1 where we have used the nomenclature of
Regan et al. for labelling the bands. Our results are in general agreement as regards bands 1-4; in
addition, we see transitions linking band 3 to band 1, which allow us to fix their relative excitation
energies. These linking transitions are Al = 0 and fix the spins of bands 3 and 4 to be one unit lower
than by Regan et al. We also found a new band (band 7) that decays to bands 1/2 over the spin range
15/2-31/2.

The linking of bands 5 and 6 to bands 3 and 4 in our scheme indicates a much lower spin-value for the
bandhead than was suggested by Regan et al., and we propose that these bands are superdeformed and
are based on configurations containing a hole in the ng$a orbital, i.e. a [404]^ Nilsson assignment.
They therefore belong to the same configuration as the superdeformed bands found in 129Pr and 13IPr.

We have made a DSAM analysis of bands 1-6 in 133Pm. Because bands 5 and 6 are strongly coupled,
and show nearly degenerate signature partners with strong connecting dipole transitions, they had to be
analyzed as a pair. Bands 1-4 could be analyzed as individual bands; although they have significant
branching at low spin, this becomes negligible for spins above 35/2 where the DSAM analysis was
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performed. Typical spectra are shown in Figures 3.1.9.2 and 3.1.9.3. The code analyzed peak
centroids or full lineshapes for either a single band or for signature-partner bands, in which case
branching ratios were entered as input. The time history for feeding the band was simulated by adding
extra transitions at the top of the cascade, and by introducing side feeding at each stage of the cascade.
The side feeding was parameterized by rotational bands. Results are summarized in Table 3.1.9.1.

To understand the reasons for the co-existing deformations at low spin in 133Pm we have performed
calculations within the configuration-dependent shell correction approach using the cranked Nilsson
potential. The (K, \i) parameter set from ref. 18 was used in the present calculations for the
parameterization of the Nilsson potential. These calculations suggest that the superdeformed band has
the configuration nigga)'1 56 ® u (h^, fin)2 58, where 56 denotes the high-j particle configuration
(hii/2)6 It should be noted that the labeling is only approximate and that the full Nilsson Hamiltonian
was diagonalizaed in the calculations. Compared to the normal deformed configuration, the
superdeformed core has two neutrons in [541]w (originating in the h»2, f7/2 subshells); two protons in
[532J5/2 (originating in the hua subshell); and a proton hole in [404]<>/2 (originating in the g»2 subshell).
These shell-gaps are readily seen in the single-particle energies of a Woods-Saxon or modified
oscillator potential (for example ref 4); the normal core for Z=60 N=72 is centred near fo -0.25 - 0.30
whereas the "excited" Z=60 N=72 core is centred near J32 ~ 0.4 - 0.45. In our calculations, the energy
needed to excite to the higher core (with ni&a)'1) is only 640 keV.

To summarize, we have found a strongly-coupled structure based on a hole in the Nilsson proton [404]
9/2 orbital with a deformation parameter fe = 0.40 ± 0.05, which is as large as that of the most
superdeformed band found in the A = 130 region. Its systematics follow the pattern established for
129'13lPr, although the deformation in 133Pm is higher. In all three cases, the band can be followed up to
ha> -0.45 MeV, and it seems plausible that we lose sight of the band at the critical frequency for
alignment of vAiun and ohn/2 quasiparticles, which for the I33Pm case are predicted to occur at to -0.45
MeV for a deformation 02 = 0.40.

Other rotational bands in 133Pm were found to have substantial deformation (02 -0.29) and this is
supported both by standard TRS calculations and by the configuration-dependent shell correction
approach, thus confirming the long-standing prediction of Leander and Moller (Phys. Lett. 110B
(1982) 17) that the Pm isotopes would be the most accessible (i.e. closest to P-stability) of nuclei in the
deformed region centred near N = Z = 66.

It will now be of interest to search for further examples of superdeformation where the nucleus exploits
shell gaps of higher deformation at low spin. The next candidates might involve the shell gap at N=80;
however, preliminary calculations indicate the superdeformed band-head rises rapidly in excitation,
making it hard to populate and detect. Nevertheless, the sensitivity of the new generation of y-ray
spectrometers may be sufficient to do so.
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Band 1

Band 6
Band 7

Figure 3.1.9.1 Level scheme for mPmfrom this work. Note that the lowest state shown need not
be the ground state, since this experiment was not sensitive to isomenc decays.
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Figure 3.1.9.2 Top panels: spectra in coincidence with y675 keV in Band 1, selected on aU angles
and projected on the +5 T and -3 T rings.

Bottom panels: background subtracted Doppler-broadened lineshapes derived from the spectra
shown in the top panels and compared with a lineshape calculation (cf.text). The fit shown
corresponds with Q^S.Oeb (J>43/2 Ey> 934 keV); Q, = 5.2eb (J=39/2Ey= 866keV); Q, = 5.6
eb(J=35/1 Ey= 804 keV) and Qj=5.8 eb (J=31/Z Ey= 747 keV).
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Figure 3.1.9.3 Top panels—Spectra in coincidence with low-spin transitions in Band 5/6 selected
on all angles and projected on the +3 T and -3 T rings.

Bottom panel—background-subtracted Doppler broadened lineshapes from the spectra shown in
the top panels compared with a tineshape calculation (cftext). The fits shown correspond to Q, =
7.35 ebfor J >29/2, Ey>704 keVand &= 8.3 ebfor J <29/2, Ey<704 keV.
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TABLE 3.1.9.1:
Summary of Measured Qo - Values and Derived Deformation Parameters

Band

1

3/4

5/6

Measured Qo eb

5.2(5)

5.4(6)

7.4(1.0)

Deformation

0.29(3)

0.29(3)

0.40(5)

Parameter
E

0.25(3)

0.255(30)

0.33(4)

3.1.10 Search for Low-Spin Superdeformation In 14lPm and 140Pm

G. Gervais, J.N. Wilson, S. Flibotte and J.C. Waddington (McMaster University)
D. Ward, D.C. Radford and V.P. Janzen (Nuclear Physics Branch)
M. Cromaz (University of Toronto)

Previous work on superdeformation in the mass A ~130 region has shown that a superdeformed
(SD) band occurs in 131Pr at low spin (A. Galindo-Uribarri et al, Phys. Rev. C50 (1994) R2655).
The doppler shift attenuation method (DSAM) was used to show that the quadrupole moment of
this band was similar to that obtained for other bands at high spin in nuclei near the N=72 shell
energy gap. The theoretical interpretation of the structure was that the deformation-driving
neutron intruder orbitals from the N=6 oscillator shell were not occupied. This implies that the
N=72 shell gap alone is sufficient to stabilize the SD shape at low spin. In this work we searched
for a low-spin SD band in the mass region A -140, where the N=80 shell gap could be responsible
for stabilizing an SD shape at an even higher deformation than in the A ~130 mass region.

A beam of I9F at 85 MeV was provided by the TASCC facility and directed upon a target of
124Te, giving a low maximum grazing angular momentum of around 30h. Emitted y-rays were
observed with the 87c spectrometer. The two dominant reaction channels were fusion-evaporation
to 14IPm (4n channel) and I40Pm (5n channel). Gamma rays from 141Pm were selected by
demanding the firing of 20 or more elements in the BGO inner ball of the 871 spectrometer. A
search for a low-spin, strongly coupled, SD band was performed with the program EVOLVE,
(J.N. Wilson and DC. Radford, to be published) and a candidate was found. A DSAM analysis
was used in an attempt to measure small doppler shifts in the energies of the candidate structure.

No doppler shifts were observed, and it was also concluded that some coincidences existing
between the y-rays of the candidate structure were accidental. A similar analysis was performed
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for the nucleus 140Pm, but again searches proved fruitless. There is therefore no evidence that a
SD band is stabilized at low spin in either 141Pm, or 140Pm .

3.1.11 Search for Superdeformed States in the Light Terbium Nuclei 146Tb, "7Tb,
148Tb

C. Finck, B. Haas, 0 . Stezowski and C. Theisen (CRN, Strasbourg)
S. Flibotte, J. Nieminen and J.N. Wilson (McMaster University)
D. Ward, G.C. Ball, A. Galindo-Uribarri, V.P. Janzen and D.C. Radford (Nuclear
Physics Branch)

Over many years systematic searches for superdeformed (SD) states have been performed in
different mass regions of the nuclear chart. In the gadolinium isotopes, SD bands have been
discovered over the mass range from A=144 to A=150 (N=80 to N=86). Several SD bands have
also been found in terbium isotopes, namely, 145Tb, 150Tb, 151Tb and 152Tb which have one more
proton than the gadolinium isotopes,. However, there is a lack of information concerning Tb
isotopes between the N=80 and N=86 shell gaps. In order to perform a systematic study of SD
structure in Terbium isotopes, we proposed to populate the following nuclei, 146Tb, I47Tb, 148Tb,
via fusion-evaporation reactions U3Cd(37Cl, 4n)146Tb, n4Cd(37Cl, 4n)147Tb and 122Sn(31P, 4n)148Tb
at a beam energy of 179 MeV, 176 MeV and 160 MeV. These experiments were performed at
the Chalk River TASCC facility with the 8TC spectrometer.

One band, previously found in 147Tb (A. Galindo-Uribarri et al., to be published), was confirmed
and its intensity measured as approximately 0.35% of that of the normal deformed states. At
present, there is no evidence for new SD structures in these data sets. Some evidence can be seen
for regularly-spaced structures in 147Tb and 148Tb but the intensities of these candidate bands are
too weak to be conclusive.

Non-observation of SD bands (or their observation of very low intensity) for 145-149Tb nuclei
suggests the progressive removal of the strong shell-energy correction effects with increasing
atomic number.

The data analysis is still in progress.

3.1.12 Octupole States in 148Nd

V.P. Janzen, D. Ward and T. Nakatsukasa (Nuclear Physics Branch)

Following tests on several rare-earth nuclei (PR-TASCC-9; 3.1.22; AECL-11239), we decided to
perform an experiment on the Coulomb excitation of 148Nd with the 209Bi beam at 1330 MeV.
The target comprised a 4.2 mg-cm"2 layer of the separated isotope backed by a 47 mg-cm*2 gold
foil. Approximately 20 M y-y pairs were recorded with a condition K > 2 on the BGO ball.

Analysis of the y-y coincidence data has extended the K=0" octupole band to spin 15' and the
ground state band tentatively to spin 14+. (These bands were known previously to 13' and 12+
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respectively, Ibbotson et al. Phys. Rev. Lett. 71 (1993) 1990). Accurate y-ray branching ratios
were measured. A partial level scheme from the present work is shown in fig. 1. This nucleus
presents a rare case where the energy of the K=0' octupole band in the rotating frame (routhian)
falls below that of the ground state band, as shown in fig. 2.

In the analysis to date, we have identified more than a dozen new levels which decay principally to
the K=0* octupole band. These are likely to be members of the K=l" octupole bands.

Analysis is continuing.

1 * . § ^
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Figure 3.1.12.2: Energies in the rotating
frame (routhians) for the ground-state
rotational band (gsb) andK=(T octupole
band in l48Nd, A reference energy has been
subtracted, with the Harris parameters
Jo = 12tf/MeVand Jt = 20#/MeV*.
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3.1.13 Breakdown and Damping of Octupole Vibrations at High Angular Momentum

T. Nakatsukasa (Nuclear Physics Branch)

The rapid rotation of a nucleus provides us with a unique opportunity of studying a finite-
quantum-many-body system with a strong Coriolis field. Surface vibrational motion is an example
of collective elementary excitations peculiar to the finite system. Since high-spin octupole
vibrations in nuclei have been observed more frequently than quadrupole vibrations, we have
focused our investigation on the octupole vibrations in even-even nuclei.

Microscopically the phonon excitations consist of linear combinations of many two-quasiparticle
states (in the RPA order). Some individual quasiparticles associated with high-j intruder orbits
feel the strong Coriolis force and try to align their angular momenta parallel to the rotational axis.
At low spin, these individual alignments are prevented by the octupole correlations, which try to
couple two quasiparticles to spin 3h. If, however, at high spin the Coriolis field becomes strong
enough, then the individual aligned two-quasiparticle configurations are released from the
octupole coupling (phonon breakdown).

NU}.) = ZJ Cj I l/2qp —> I n/iHgned-Tqp
/

This can be regarded as a crossing between the octupole vibration and the aligned two-
quasiparticle state (see figure 3.1.13.1).

Since the octupole vibrations are expected to lose a portion of their collectivity at every crossing,
the collectivity carried by the vibrational states may be significantly weakened at high spin
(collectivity damping). In the figure, an example of RPA calculations based on the cranked shell
model is shown for octupole vibrations in 164Yb.
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3.1.13.1 Results of RPA calculations for 164Yb. (a) Calculated negative-parity RPA
eigenvalues plotted as a function of rotational frequency. Large, medium, and small circles

indicate RPA solutions with E3 transition amplitudes / S j' (n j Q\K fO)/2]1^ larger than 200

efm3, larger than 100 efm3 and less than 100 efm3, respectively, (b) Plot of aligned angular
momentum as a function of rotational frequency for the lowest negative-parity state with
a = 0 (upper) and a = l (lower).
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3.1.14 Quasi-Continuum Ridges in m T a and 172Ta

T.E. Drake, M. Cromaz and J. DeGraaf (University of Toronto)
D. Ward, A. Galindo-Uribarri, V.P. Janzen and D.C. Radford (Nuclear Physics
Branch)

In an earlier experiment with the 8TI spectrometer a very intense y-ray quasi-continuum ridge
structure was observed in 173W and 174W when these nuclei were populated at high spin. It is
believed that this ridge arises from y-ray correlations associated with unresolved rotational bands
which are based on a large number of near-degenerate proton orbitals above the Nilsson shell
energy gap at Z = 73. In order to investigate the role of the valence proton in the formation of
the ridge an experiment was carried out to populate 171Ta and 172Ta at spins and excitation
energies similar to those of the original experiment in tungsten nuclei. The reaction used was
15ONd(27Al, xn) at a beam energy of 155 MeV. The 871 spectrometer was used to collect £y-£y
and higher fold coincidences.

Initial results from the analysis show a strong quasi-continuum ridge similar to that in tungsten.
Work is to be carried out to develop detailed level schemes of all the reaction products which are
required to extract accurate ridge intensities.

3.1.15 Properties of Rotational Bands in ^ T h

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

Analysis of experimental aspects of the S2Th data (TASCC-10; 3.1.18; AECL-11417) have been
completed.

K=2 Gamma Vibrational Band

The ct=0 signature has a sharp alignment gain of approximately Iti at hs>=\60 keV, which is not
present in the oc=l signature up to fta=220 keV (cf fig. 3.1.15.1). As a consequence of this
alignment gain, the a=0 signature of the y-band crosses the ground state band and becomes yrast
at spin 30+. (The level scheme for 232Th is given in TASCC-10; fig. 3.1.18.1). There is no
evidence for any perturbations on the energies of the two bands as they cross: their energies
differ by 35 keV at spin 28 and by 44 keV at spin 30; nor can we find y-ray transitions connecting
across the bands from spin 30 or from spin 28. This suggests that there is little mixing. These
facets of the y-band are very much in-line with cranked RPA model calculations, and contrast with
the behavior observed in mU (TASCC-9; 3.1.24). In ^"U, the y band shows no strong alignment
effects (relative to the ground band) up to 7i©=240keV. In ^'U, the sharp alignment gain (~4K) of
the ground state band near ha> -200 keV is echoed in the y band.



3-22

Ratios of B(E2) values extracted from y-ray branching ratios between the y band and the ground
band in ^ T h are given in fig. 3.1.15.2. Qualitatively, these values may be understood in terms of
a two-band Coriolis mixing calculation (e.g. B. Mottelson, Phys. Soc. of Japan, Vol. 24
supplement (1968) p. 87), but the detailed level of agreement is poor; for example, it is difficult to
understand the extremely small values for B(E2; J—>J-2). In contrast with the 238U case, we find
no evidence for Ml transitions between the signature partners of the y-vibrations and place a limit
B(M1)/B(E2) < 0.01 (jj.N/eb)2. This limit is approximately six times smaller than the observed
value in ^'U.

K=0 Beta Vibrational Band

The B(E2)-values to the ground state band fig. 3.1.15.3 cannot be described by two-band Coriolis
mixing. The rapid rise of B(E2; J->J) at spin 16 may either indicate large structural changes or
the existence of substantial mixing of Ml components. We also note that the beta and gamma
bands come within 5 keV at their 16+ states which places a limit on the band interaction strength.

K=0 Octupole Vibrational Band

The K=0 octupole band in ^ ^ h experiences an alignment gain of Ih with respect to the ground
band reference, and the levels interleave with those of the ground band above spin 23", i.e. the
levels increase as 23", 24+, 25", 26+ etc. The situation is usually considered to be a sign of strong
octupole collectivity.

The B(El)-values for both (J-»J-1) and (J->J+1) transitions increase dramatically with increasing
spin (fig. 3.1.15.4). Although the B(E1; J-»J+1) values are comparable to those measured in
^'U, the B(E1; J—»J-1) are up to one hundred times smaller. With no Coriolis mixing, the ratio
B(E1; J—»J+1)/B(E1; J—»J-1) asymptotically approaches unity with increasing spin.

Calculations with the cranked-RPA model are now in progress.
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3.1.16 Materials Analysis Using Elastic Recoil Detection (ERD) With Very Heavy
Ions

J.S. Forster (Nuclear Physics Branch)
J.A Davies, R Siegele and S.G. Wallace (McMaster University)

The large-solid-angle, position-sensitive detector described earlier (PR-TASCC-9: 3.1.30; AECL-
11239) and PR-TASCC-10: 3.1.22; AECL-11417) has been used for near-surface (1 - 2nm) analysis
of a variety of samples. A total of five days was used in this reporting period and all experiments used
a 230 MeV 209Bi beam from the tandem accelerator.

ERD measurements include:

- Compositional studies of high-Tc superconducting thin films, specifically YBa2Cu3C>7-x, in
collaboration with the high-Tc group at McMaster University

- Group IV optoelectronic semiconductor alloys (Sii-x-yGexCy) deposited by Chemical Vapour
Deposition (CVD) on Si, in collaboration with J.W. Mayer and AE. Bair, Arizona State
University.

- Compositional studies of SiOxNy, SixNy and SiC<2 thin films for the application of laser coatings.
Growth parameters are being optimized to produce high quality, low impurity, stable films. We
also measured radiation damage on these samples which showed loss of both N and H. This
relates to the stability of the films. This work was done collaboration with the Centre for
Optoelectronic Materials and Devices (CEMD) at McMaster University.

- Compositional studies of photoluminescent materials for application in flat panel displays, in
collaboration with A Kitai, McMaster University.

- Depth distribution measurements of H, D, C, O, F and Fe in various Zr alloys, in collaboration with
L.M. Howe and D. Khatamian (Reactor Materials Research).

- Compositional analysis of biological samples, in collaboration with AJ. Waker (Radiation Biology
and Health Physics)

3.1.17 Resonant Coherent Excitation (RCE) of Hydrogen-like 32S Ions Channeled
Along the <110> Axis of a Thin Si Crystal

J.S. Forster, G.C. Ball, W.G. Davies and J.S. Geiger (Nuclear Physics Branch)
J.U. Andersen (Aarhus University)
J.A Davies (McMaster University)
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We have studied the resonant coherent excitation (RCE) of a beam of hydrogen-like 32S ions channeled
along the <110> axis of a thin Si crystal. The principle of RCE was described earlier (PR-TASCC-7:
3.1.32; AECL-19028).

A beam of 21 A MeV 32S12+ ions from the TASCC cyclotron was stripped and degraded by Al foils
which allowed the beam energy to be varied between 17.8 and 19.8 A MeV. The energy-loss spectra
of 32SI6+ and 32S15+ ions exiting the 1.45 urn thick Si crystal were measured with the Q3D magnetic
spectrometer fitted with resistive-wire focal plane detectors. A plot of the ratio 1(15*)/1(15++16^ as a
function of beam energy clearly showed the An = 1, k = 4 resonance very close to the predicted energy
of 18.86 A MeV.

The Stark splitting of the resonance is more clearly resolved than in the ^Si case previously studied.
The improved resolution results from the use of a thinner crystal combined with a heavier projectile
which has more tightly bound electrons.

Detailed analysis of the data, by setting windows on the channeled energy-loss spectra to resolve
individual Stark components, is in progress.

3.1.18 Ion-Beam Studies of Thin-Film, High-Tc Superconductors

G.C. Ball, J.S. Forster and J.S. Geiger (Nuclear Physics Branch)
J. A Davies and R Hughes (McMaster University)
J.M. Phillips (Sandia National Laboratories)

We reported earlier (PR-TASCC-8: 3.1.28; AECL-11132) on channeling measurements in thick
crystals of YBa2Cu3O7.x using a 7.6 MeV beam of alpha particles. At this beam energy the oxygen
signal in the backscattered alpha spectrum was approximately four times higher than the underlying
signal of backscattering from Ba, Y, and Cu because of the 16O(a,a)16O resonance at 7.63 MeV. The
purpose of the experiment was to measure changes in lattice position of the oxygen atoms in the crystal
as it was cooled through the critical temperature for superconductivity. One of the major problems
with these studies is the small size (~ 2 mm by 2 mm) of the crystals currently available.

We report here a test to determine if we can continue these studies using thin-film (100 - 300 nm)
superconductors on thick insulating substrates. The advantage of such crystals is that they are much
larger (e.g. 5 mm by 5 mm or larger), which allows electrical connections to be made in order to
measure the resistivity of the thin-film by a four-point probe; this, in turn, allows channeling
measurements to be made at temperatures within one or two degrees of Tc.

A 7.6 MeV beam of alpha particles was used to bombard the thin-film, high-Tc samples. The beam
was collimated by two apertures, 0.5 mm diameter, separated by 1.6 m. Backscattered alpha particles
were measured in an annular, surface barrier detector which covered the angular range 173° to 178°.
Two crystals were used in the test run, a 300 nm YBa2Cu3O7.x film on a SrTiO3 substrate and a 200 nm
YBa2Cu307-x film on a LaA103 substrate. All measurements were made with the crystals at room
temperature. Measured axial minimum yields were much poorer for these thin films than for the thick
crystal used earlier (e.g. 14% as compared to 2% for Ba and 58% as compared to 8% for O). In



3-29

addition, selection of alpha particles scattered from the oxygen in the substrate showed only a very
small channeling dip, indicating mismatch at the film/substrate interface. Furthermore, the underlying
signal from backscattering from the heavy elements in the substrate was substantially higher. We
conclude that future measurements should be made with larger-area thick crystals when they become
available or thin films on lighter substrates such as MgO.

3.1.19 Heavy Ion Induced Radiation Damage in DNA

A. J. Waker and P. Lee (Radiation Biology and Health Physics Branch)
J.S. Forster (Nuclear Physics Branch)

Radiation-induced damage in DNA is recognized as being at the beginning of the chain of events
that can lead to deleterious biological effects resulting from exposure to ionizing radiation.
Breaks in the sugar-phosphate backbone of the DNA molecule, especially if the break is double
stranded, are regarded as archetypal molecular lesions that can lead to various cellular effects
including mutation and death. Until recently it was assumed that the increasing effectiveness of
radiation that is observed with increasing Linear Energy Transfer (LET) was a reflection of the
fact that with higher LET it is easier to generate a double strand break in DNA. Currently, there
is an increasing awareness that radiation quality effects may in part, if not completely, be due to
the exact nature of strand breaks and the extent of the local damage to DNA rather than just the
number of breaks produced. Heavy ion beams offer a unique tool to study the relationship
between radiation quality and DNA damage. Direct measurement of radiation-induced molecular
damage in DNA is currently not possible. We are, however, developing an experimental method
for measuring radiation-induced changes in DNA. This method is based on a technique known as
Matrix Assisted Laser Desorption and Ionization (MALDI) followed by time-of-flight mass
spectrometry (TOF).

The objective of the experiment undertaken was to irradiate thin films of DNA with lithium and
carbon ions covering a range of LET from 50 keV/um to 400 keV/um and to look for differences
in the mass spectrum of the DNA using the MALDI-TOF technique. Small spots (approximately
0.03 cm2) of DNA (33 base linear single-stranded chains) and matrix material were dried on
aluminum coupons and irradiated with Li ion beams of 55 MeV, 22 MeV and 13 MeV.
Integrated target currents were chosen to reach, on average, one particle traversal per DNA
molecule. Control samples were subject to all the same manipulations save that of actual
irradiation. In a second experiment single-energy carbon ions of 90 MeV were used and DNA
samples of different concentration from 5 to 40 pmols irradiated as described above.

The results of these experiments were inconclusive. All control samples showed the main mass
peak expected and there was no obvious deleterious effect from the sample's having been subject
to high vacuum. On all irradiated samples the MALDI-TOF signal was completely suppressed
showing neither the main mass peak or remnants of it. This result indicates that there are effects
of the irradiation procedure that are inhibiting the MALDI process and damaged DNA molecules
are not being desorbed or, perhaps, not soft-ionized. We are continuing to track down the
phenomena that lead to this negative result which, from subsequent work, appears to be
consistent for all radiation types. We have learned from this experiment that heavy ion irradiation
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of dried DNA samples is logjstically possible and that once we have the sample chemistry and
MALDI behavior under control, a repeat experiment should be attempted.

3.1.20 Fission-Fragment Radiation Damage Simulation With TASCC Tandem
Beams

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

A promising option for the destruction of weapons Pu is its use as a fuel in CANDU power
stations. To this end, studies are underway to identify suitable matrix materials to carry the few-
percent loading of Pu in the fuel pellets. UO2 is an excellent matrix and (U,Pu)C>2 fuels are
currently in use in a few locations in Europe and Japan, but the presence of fertile ^ 'U means that
more fissile material is produced by neutron capture and beta decay processes. A number of
lighter candidates are being investigated with 72 MeV 127I beams to simulate in-reactor fission-
fragment radiation damage. Among the materials being studied are SiC, AI2O3, ZrSiO4,, CeO2 and
MgAl2O4. Following irradiation doses between 1014 and 1017 ions cm"2 at temperatures between
~100°C and 1200°C, the samples are assayed by laser profilometry. Most materials show
moderate to extreme swelling, with the exception of SiC and the benchmark material UO2 for
which the swellings are at or below the limit of detection. In the case of SiC our sensitivity is
somewhat limited by surface imperfections; efforts are underway to obtain flatter sample surfaces.

3.1.21 Investigation of Problems in the Least-Squares Analysis of Impedance-
Spectroscopic Data
W.G. Davies (Nuclear Physics Branch)
G. McRae (General Chemistry)

Impedance Spectroscopy is becoming an important tool for measuring properties of oxides on
metal surfaces. The technique is particularly suited to the current goal of characterizing the
protective oxide on a Zr-2.5%Nb surface. The complex impedance, Z, is typically measured over
a frequency range covering 5 or 6 decades: the data also span a wide dynamic range, often 6 or 7
decades.

The wide dynamic range of the data, coupled with an extremely nonlinear model involving
parameters (resistances and capacitances) that sometimes differ by 15 orders of magnitude, puts
severe stress on the least-squares methods used to extract the values of the parameters. In fact, a
quite extensive literature has ensued, which discusses these problems, mostly to no avail.

A preliminary study has been made of pseudo data for a printed circuit analogue of a typical oxide
layer. Analysis of this pseudo data indicates that there are severe numerical analysis difficulties
with this type of problem. In particular, the influences (see PR-TASCC-10: 3.1.25; AECL-
11417) for some parameters show extreme behavior, oscillating between large positive and
negative values; this is a strong indication of a badly conditioned problem. Also, a Singular Value
Decomposition of the normal matrix indicates extremely poor condition; in fact, the condition
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number is =1020. Values in this range usually indicate that the inverse of the normal matrix is
dominated by truncation error. Finally, depending upon the choice of initial conditions and
assumed errors, correlated residuals are obtained. Correlated residuals are usually taken as an
indication of an inadequate model; most researchers solve this problem by adding parameters. In
this example, however, the model is known exactly, and the pseudo data were generated from the
model itself, so this cannot be the case. In fact, the correlated residuals arise because of the ill-
conditioning of the problem.

Methods are being investigated that may alleviate these problems.

3.1.22 The Flow of Information in Constrained Least Squares Analysis of
Experimental Data

W.G. Davies (Nuclear Physics Branch)

The work on "Least Squares Fitting with Lagrange Multiplier Constraints" reported in (PR-
TASCC-10: 3.1.25; AECL-11417) has been extended to include the concept of "Flow of
Information", developed by Audi, Davies and Lee-Whiting (Nucl. Instr. & Meth. A249 (1986)
443), for the constrained case. In Audi et al. (ibid), a flow of information matrix

F a = 3 ' ^ (1)

was defined where 3 1 = A-1A', with A the usual "normal matrix" and A1 the partial normal matrix
obtained for one datum: A = EiA1. The matrix element F& is the influence of datum i on
parameter A. The significance is the information brought into all of the parameters by a given
datum i, and is clearly (ibid)

. (2)

For the constrained case, we find that the flow of information matrix is

where 3 J = A AJ and AJ is the partial normal matrix including the effects of the equations of
constraint (see PR-TASCC-10: 3.1.25; AECL-11417): A = T KWK with W = W - W and
W = TBCB

The significance is defined as before to be

I = ZaFi^trtfO. (4)
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Six theorems pertaining to the properties of the influence and significance were proved by Audi et
al(ibid). The validity of these theorems has been studied. The results are as follows:

Theorem 1:

The sum of all the influences on a parameter x^ is equal to 1:

2-,j X* i<x 2-^ *5 aa *an> \p)

The theorem is not valid for the constrained case. For the constrained case, we have

i « * l « , (6)

That is, the sum of the influences does not sum to unity. In fact, -oo < ZjF i o< <», for pathological
problems.

Theorem 2:

The sum of the significances is n, where n is the number of free parameters. Zj Ji = n.

This theorem does not hold for the constrained case. The revised theorem is: The sum of the
significances is n-q; Z Jj• - n-q, where q is the number of equations of constraint.

Theorem 3:

The significance of a datum / is unchanged by a similarity (or orthogonal) transformation of the
parameters.

This theorem remains true for the constrained case.

Theorem 4:

The significance of a datum is positive definite. This theorem also remains true for the
constrained case.

Theorem 5:

The significance of a datum is less than or equal to unity.

With a slight modification, Theorem 5 holds. The new theorem is: The significance of a datum is
less than unity.

Theorem 6:
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The significance of a datum either remains unchanged or decreases as more data is added to the
set.

This theorem is true for the constrained case.

In this work, we have defined the flow of information matrix for the least squares problem with
Lagrange-multiplier constraints. The influence of a datum on each of the parameters has been
derived as well as the significance of a datum for all of the parameters.

The significance indicates the relative amount of information or the importance of a datum in
determining all of the parameters.

The influence provides insight into how the information from a datum flows into each of the
parameters. The six theorems define properties that are important to the interpretation of the
values of the influence and the significance.

3.2.1 Target Laboratory

P. Dmytrenko and D.R. Bowman (Nuclear Physics Branch)

In the latter half of 1995 the target laboratory produced numerous targets and thin films for
nuclear physics experiments carried out at Chalk River and collaborative experiments performed
at other institutions. Carbon stripper foils were prepared for both the tandem accelerator and the
superconducting cyclotron. The TASCC A&D Branch was regularly supplied with chemical
cleaning solutions for ion source clean-up. Vacuum de-gassing was carried out on numerous
batches of RTV optical joining compounds for detector mounting of miniball arrays.
Polypropylene films were stretched and metallized for the Bragg detector. Various components
and substrates were vacuum coated for the AMS program. The Penning Trap sample plug was
loaded with sample materials and chemical treatment was carried out on electrodes and ceramic
components. Foil lifetime and thickening experiments were carried out on various thicknesses of
cracked ethylene carbon films and laser-ablated carbon films. Studies of the electrodeposition of
osmium were carried out.

A) Targets produced for the Nuclear Physics Branch:
1) Isotopically enriched targets:

H3,H4 c d ) , 6 3 ^ , 4 , 1 0 0 ^ 1 4 8 ^ 5 8 ^ HOp^ 122,124^

2) Natural targets:
Au, C, Ca, Eu, Mg, Ni, PbS, Ta, W

B) Work Performed For Other Branches

Zirconium samples were reduced in thickness by mechanical rolling for the Reactor
Materials Research Branch. Zirconium alloy samples were abrasively treated and
sputter coated with palladium for the System Chemistry and Corrosions 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 (Nuclear Physics Branch)

The Concurrent computer systems continued to be used extensively for data acquisition and
analysis. A high performance synchronous/asynchronous SCSI controller together with a high
density Exabyte 8505 tape drive was installed on the CCUR 328A computer system. The new
controller will allow us to replace, as required, the old SMD disk drives with more modern and
much less expensive SCSI disk drives.

Software development on the SUN workstations included the installation of Solaris 2.4, on CU66
and the commissioning of the on-line graphics software (OLGA) to run under Solaris.
D.A. MacKinnon, a computing science summer student, developed a print tool to allow users
working on TASCC SUN workstations to direct their output to any TASCC (local) or CRL
(remote) networked printer.

Power failure boxes with built-in time delays were also fabricated and installed on the SPARC
stations and several X-terminals to protect the hardware from power surges and to simplify the
rebooting of the SUN network after a power failure.

During the past six months one of our real-time software personnel continued to work on outside
projects. In September, two senior Nuclear Physics electronics technicians retired and could not
be replaced. As a result, progress in the development of a new data scanner has been seriously
curtailed.

3.2.3 TASCC Experimental Electronics

R.E Howard and G.A. Tapp (Nuclear Physics Branch)

SUN Workstations

Timer units that control the AC power on all the Sun stations and NCD X-terminals have been
installed. These units operate such that in the event of a power outage the AC power is reapplied
to the Sun stations and X-terminals in a controlled sequence. This timing ensures that the
network comes back on line in a controlled manner.

New Data Scanner

The Memory-lookup CAMAC module has been built and tested. Because of other pressing
problems and priorities, work on the scanner has been slow.
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Miscellaneous Electronics

A quad linear amplifier was designed and built for the AMS group. This single-width CAMAC
unit is equivalent to 4 Danfysik linear amplifiers which are sampled with a 12-bit ADC and the
results are readable over the CAMAC backplane. It is currently in use.

Problems on the CAMAC highway led to the discovery that the regulated AC line voltage to
many of the experimental racks and outlets in the experimental control room was as low as 106
volts. One of the three mechanical line regulators was seized. As the historical reasons for having
these units were no longer valid, it was decided to remove all three regulators. The line voltage
now appears to be stable and well within Ontario Hydro specifications.

After the low AC voltage incident pointed out how sensitive the CAMAC highway repeaters were
to small fluctuations in line voltage level, it was decided to change the power supply configuration
in the repeaters. (The repeaters on the BTS highway have already been modified in a similar way.)
A new printed circuit board was designed and installed in all spare repeaters and the base stations
are being modified to accept them on a rotating basis. Eventually all units will be modified and all
spares can then be shared between the BTS and Experimental CAMAC highways.

Experimenters were finding that the TTL outputs of the inter-rack clock distribution panel were
causing extra counts on the general purpose sealers. The inputs on the sealers are compatible
with both TTL and fast NIM and were seeing small negative voltage glitches on the clock
outputs. The TTL drivers were re-designed and replaced and the problem is gone.

The 24-bit IGOR (Input Gate Output Register) design has been completed and its PCB is being
laid out by M. Shea. This single width CAMAC unit is similar in all ways to the IGORs currently
in use with the main difference being its ability to read, write, input and output the full 24 bits of
the CAMAC backplane instead of the 16 bits currently being used. In some cases this will allow a
single IGOR to be used instead of two of the 16 bit units currently in use.

CCUR Computers

The newly installed CCUR 328A computer started suffering from unpredictable crashes. After
several board changes the right one was replaced and the problem appears to have been solved.

A new Macrolink synchronous/asynchronous SCSI board and 8505 8mm high-density tape drive
was purchased and installed on the CCUR 328A. A spare 1 Gbyte hard drive was also installed
on the SCSI bus and is now available to users. The new hardware is partially incompatible with
the older Exabyte 8200 drives and an attempt to run one on the same bus as the 8505 and the
hard drive was aborted.
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Penning Trap Electronics

Two NIM modules and one CAMAC module (TASCC-10:3.2.3 AECL-11417) were built and
tested by the Penning Trap group. Modifications to the NIM fast coincidence module required
that the PCB be reworked for a second unit. More of the modules will be built as required.

Cyclotron Probe System

The Probe 1 vacuum interlock chassis designed by J.J. Hill was installed and commissioned. This
chassis replaces the software interlocks on probe movement and vacuum system controls with
relay logic, thus preventing software anomalies from affecting the vacuum system. A second
chassis is required for Probe 2.

3.2.4 Penning Trap Mass Spectrometer Construction and Commissioning

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 the completion of the Penning trap mass spectrometer to be installed at TASCC
(PR-TASCC-8: 3.2.6; AECL-11132) has continued during the reporting period. Machining of
the RFQ trap and of the transfer section between the RFQ and the Penning traps is now
completed. Machining of all vacuum chambers is also completed. The RFQ trap and ramp cavity
assembly have been installed above the laser ion source and vacuum tested. The RFQ trap is
UHV compatible to obtain long ion storage-time when necessary. The RFQ trap radio-frequency
feeding system was also installed and tested. The superconducting magnet has been delivered and
installed. A large platform was built around the magnet to allow safe access and servicing. The
magnet was energized and shimmed. The design field (B = 5.9 Teslas) and homogeneity (AB/B
< 0.02 ppm/cm3) have been reached. The self-shielding properties of the magnet were also tested
and found satisfactory. The spectrometer tube was installed in the magnet and its effects on the
magnetic field measured. No additional shimming of the magnet was necessary to maintain the
above quoted homogeneity when the spectrometer tube was inserted.

A number of waveform synthesizers (for the various RF excitations of the ions in the two traps)
have been received and computer control of these device has been tested. A 48-channel high
voltage power supply has been received and a 20-channel low voltage high-stability power supply
built. The software development for computer control and data acquisition is progressing. The
control program is now ready to control the firing of all lasers and the time-critical capture
sequence into the RFQ trap.

Off-line and on-line tests of the laser ion source have been performed during the reporting period.
After some initial difficulties, we succeeded in observing a signal from laser-ionized gold collected
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from a tandem beam stopped in the gas jet target chamber. This required improving the
suppression of the ions created directly by the heating laser by adding a pulsed deflector system
and increasing the time duration of the laser heating pulses (hence reducing the peak laser power
while keeping the same integrated power). In the process, it was also found that the rotation of
the sample wheel needed to be controlled more accurately. A feedback system is being
constructed to obtain more reliable positioning of the sample when rotated from the collection
position to the ionization position. The vacuum in the differentially pumped region of the sample
wheel movement has also been improved, resulting in a better vacuum in the laser ion source
region and also reducing the number of ions created directly by the laser heating. Finally, an
atomic beam oven is being installed in the laser ion source chamber to provide a simpler means of
tuning the system for transmission and injection into the traps.

3.2.5 Precision Half-Life Measurement Using the 87c Spectrometer

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

Over the years, a set-up was developed at TASCC to perform high-precision half-life
measurements on unstable isotopes. This technique involves observing the decay of a mass-
separated sample with a 4n /^-counter and it was used successfully to study a number of
superallowed yff-decay emitters. However, some crucial half-life measurements could not be
performed with this technique because isotopically pure sources could not be obtained with the
mass separator. These low-mass emitters are contaminated in the ISOL by molecular beams. To
overcome this limitation, a method is being investigated in which the decay is monitored by the
observation of a y-ray specific to the isotope of interest.

The main limitations of y-ray detection are that for high-resolution detectors (HPGe detectors) the
detection efficiency is low and that the detectors have long dead-times. We have therefore opted
to perform these experiments with a large y-ray array, the 871 spectrometer. The 20 HPGe
detectors allow for an acceptable efficiency and high-countrate capability while maintaining
reasonable dead-times in the individual detectors. The signals from all detectors are then piped to
the main event processor of the 87c spectrometer which is modified to have a fixed and precisely
determined electronic dead-time for all events. This fixed dead-time dominates all other dead-
times which then just appear as minor corrections in the final analysis.

To test this new method, we will compare measurements of the half-life of the isotope 42mSc using
both the new and the standard methods. The measurement with the 8TC spectrometer went
smoothly and we expect to obtain a statistical accuracy on the half-life of 0.1% from the 3 main fi-
delayed y-ray peaks of 42mSc. The analysis is currently in progress. On the other hand, the
measurement with the standard technique involves running the mass separator with the skimmer
source at high temperature. Our first attempt was unsuccessful due to ion source problems; a
second attempt is scheduled for January 1996.
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3.2.6 Neutron-Rich Isotope Production By Deep-Inelastic Reactions

G. Savard, E. Hagberg and V.T. Koslowsky (Nuclear Physics Branch)
J.C. Hardy (TASCC Division)
K.S. Sharma (University of Manitoba)

The properties of the heavy (Z > 70) neutron-rich isotopes are very poorly known, even very
close to stability. This is in part due to the impossibility of producing usable quantities of these
isotopes from the standard compound nucleus or induced fission reactions. More prolific
reactions for these specific isotopes would involve fragmentation or deep-inelastic reactions. In
this type of reaction, the reaction products are centered around the target and projectile velocities.
A common technique at heavy-ion laboratories is to collect the projectile-like products using a
recoil separator. Our approach is to try to collect the target-like products with the He-jet system
and then feed them to the skimmer ion source and mass separate the reaction products.

The experiment involved trying to observe target-like reaction products produced by a 76Ge beam
of 12A MeV on a stack of PbS or W targets located in the standard He-jet chamber and to mass
separate them with the skimmer source and ISOL. The cyclotron beam intensity was fairly low
(1-4 pnA). No decay was observed in the 4rc /^-counter located at the end of the ISOL beam line
for masses close to the target mass. The He-jet system was then redirected to the tape transport
system and the activity at all masses collected and measured. Significant activity was observed
(up to 35000 p counts per cycle of 150 seconds) but none could be clearly identified. Upon
inspection, it was found that the targets had been damaged and that a significant fraction of the
activity was due to the beam on the target chamber alone. However, a number of discrete y-ray
peaks were found to be present only with the targets present.

The observed production was clearly too low for measurements to be performed with mass-
separated samples. We believe this production method could produce separated samples of
sufficient activity provided a number of improvements are incorporated. A lighter neutron-rich
projectile beam should be used. Much larger currents would then be available from the cyclotron
while lowering the heat deposited in the targets. A new He-jet target chamber also has to be built
which will be better suited to collect the target-like products, typically recoiling at large angle
with respect to the beam axis.

3.2.7 4TC Array for Reaction Studies at TASCC

M.G. Steer, G.C. Ball, D.R. Bowman, D. Fox, A. Galindo-Uribarri, E. Hagberg,
D. Horn and T.G. Whan (Nuclear Physics Branch)

Based on our experience studying reaction mechanisms with the CsI(Tl)/photodiode miniball
borrowed from the 8TC collaboration (PR-TASCC-7: 3.1.11; AECL-11028 and PR-TASCC-8:
3.1.9; AECL-11132), we decided to construct a CsI(Tl) array optimized for reactions work and
engineered to be compatible with the existing CRL-Laval forward array of 80 detectors. Detector
design and prototype tests have been reported previously (PR-TASCC-9: 3.2.4; AECL-11239).
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Our desire to make use of the electronics already in place for the miniball of the 871 collaboration
limited the number of detectors to 48. Granularity, kinematic spread, light collection, and the
space required by each photodiode were considered in optimizing the geometric arrangement of
the detectors. We selected a 12-fold symmetry, deployed in four rings from the end of the
forward array at 46° to 140°. See figure 3.2.7.1 for a schematic side view of the array. The polar
angles subtended by the four rings are illustrated; a 6-degree gap between rings two and three
permits insertion of the targets. Each detector face is trapezoidal and oriented normal to the
trajectory of particles from the target center. To minimize "punch-out", all detector sides are
parallel to particle trajectories from the target center. For optimum light collection, the CsI(Tl)
material tapers to meet the photodiode surface, located 3 cm from the detector face. In all cases,
at least 2 cm of scintillator intercepts the particle trajectory stopping all protons of 70 MeV or
less.

Three different detector shapes (the second and third rings were identical) were machined in the
mechanical laboratories of Accelerator Physics Branch. Each was cut from a 3cm x 3cm x 3cm
crystal of CsI(Tl) purchased from Hilger Analytical. To achieve the design geometries, special
gluing jigs were employed to optically couple 2cm x 2cm Hamamatsu photodiodes to the crystals
with RTV. Another gluing jig was used to attach the assembled detector to its mounting tube.
Thin (6.4\im) aluminized mylar served to optically isolate the face of the detector, and the sides
were wrapped in one layer of teflon tape for light diffusion and aluminized mylar adhesive tape for
optical isolation. The "light guide" portion of the crystal was simply wrapped in multiple layers of
teflon.

A mechanical mount was designed to hold each detector and its cable from behind, so as not to
occlude any other detectors, including those of the forward array. The mount was machined from
monolithic aluminum. The detectors were attached to radially oriented tubes, allowing adjustment
of the target-to-detector distance. Each tube was clamped in a collar and fed through an
insulating mount screwed to the aluminum shell (see detail in figure 3.2.7.1). The shell was
mounted on the central post of the 1.75 m scattering chamber, so that the chamber's target
mechanism (except for rotation) would remain operational. Together with the forward array, the
assembly covers about 79% of 4n steradians, with most of the geometric inefficiency coming from
the uninstrumented region backward of 140°.

3.2.8 Tests of Silicon Strip Detector Electronics

D.R. Bowman, A. Galindo-Uribarri, T.G. Whan, G.C. Ball, E. Hagberg, D. Horn
and M.G. Steer (Nuclear Physics Branch)

Four 16-element by 16-element double-sided silicon strip detectors have been purchased. Planned
applications of these detectors are for reactions studies in a charged-particle correlation array and
as fission-fragment detectors inside the 87c y-ray spectrometer. A 16-channel preamplifier and a
16-channel shaping amplifier (both built by Pico Systems) were tested to determine their utility for
these applications.
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Figure 3.2.7.1 Schematic side view of the CRL-Laval Array, showing the new 48-element CsI(Tl)/photodiode assembly (left) and
the 80 forward array elements. Only the scintillator material and photodiodes are drawn; photomultipliers, light guides, and
support structure are not indicated Detail shows detector mounting arrangement
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An adapter to connect the strip detector to the preamplifier was designed and fabricated. In
separate tests, the preamp signals were shaped with a standard Ortec spectroscopy amplifier and
with the 16-channel Pico Systems shaper, and the resulting signals were digitized with a peak-
sensing ADC and a LeCroy 2249W QDC.

Energy resolutions were measured with alpha-particle and fission sources. Slightly better
resolution was obtained with the Ortec shaper than with the 16-channel shaper, and slightly better
resolution was obtained with the peak-sensing ADC than with the QDC. The measured
resolutions for 5 MeV alpha particles were between 50 and 150 keV. The dynamic range of the
high-gain (2 pF capacitance, approximately 50 MeV/Volt) preamp was sufficient to digitize both
alphas and fission fragments with the Ortec amplifier and the peak-sensing ADC, but the gain was
too large to allow digitization of the fission fragments with the QDC. The fission-fragment signals
saturated the 16-channel shaping amplifier.

The fast (timing) outputs of the 16-channel preamps were not tested because of the unavailability
of sufficient 50 ohm ribbon cable, which is necessary to avoid electronic ringing. We have
ordered a supply of this cable.

The 16-channel preamp/shapers built for Michigan State University appear to be well-suited for
the Si-strip detector component of the CRL charged-particle correlation array. Sixty-eight
preamplifier channels and 64 shaper channels have been ordered from Pico Systems. Present
plans are to digitize the shaped signals with Phillips peak-sensing ADCs.

3.2.9 Instrumentation for Microstrip Detectors

J. Yamazaki, A. Galindo-Uribarri, J. Hill, J. Lori, G. Tapp and T.G. Whan
(Nuclear Physics Branch)

Preamplifier Prototype

As part of our efforts to develop the instrumentation of double sided silicon strip detectors a prototype
multi-channel preamplifier module was constructed based on an Argonne design (A.H. Wuosmaa,
Nucl. Instr. and Meth. A 345 (1994) 482). Blank boards were provided by the Argonne group. It is
based on the hybrid circuit Lecroy HVQ810 containing 8 channels of FET charge-sensitive
preamplifiers in a single 20-pin chip. The HVQ810 has a relatively short fall time of 4 us. This is one
attractive feature as charge-to-digital converters (QDCs) can be used eliminating the need for a
shaping stage.

Special attention was paid to use a low-noise low-ripple power supply. The amplified pulses of either
positive or negative polarity from the two sides of the detector saturate at different voltages.
Unfortunately changing the gain and shaping time of this type of preamps is not a simple task. Another
disadvantage with this scheme is that the time pickoff circuitry is after the preamp.
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Individual channels of the preamplifier were tested with a single silicon detector using a collimated
triple alpha source and the resolution was comparable with that obtained with the same detector and an
Ortec 142B preamplifier. A 5x5cm microstrip detector was tested one strip at a time.

X-Y Positioning Table

For testing detectors a small X-Y positioning table was designed that fits in a standard 4" Dependex
cross. The detector is mounted feeing down and a collimated source can then be moved under
vacuum. A system of strings and pulleys and a threaded rod transforms the rotation of feedthroughs
into the x-y movement of the table. A 34-pin feedthrough was fixed into a flange using epoxy resin
adhesive.

3.2.10 Progress in Accelerator Mass Spectrometry (AMS)

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

During this reporting period there were three runs totaling 10 days. Seven days were devoted to
measurements of 36C1, two to 129I, and one to further ERD measurements related to ion-source
memory effects. During these runs the new ion source/sample changer was commissioned and is
now in routine operation. With the new system samples can be introduced and removed from the
sample magazine without interruption to source operation. As a result there is a substantial
(-30%) improvement in operational efficiency because several-hour source shutdowns followed
by extensive retuning are no longer needed for sample reloading.

The 129I measurements were devoted to tests of sample extraction and preparation yields and
preparation blanks. The 36C1 samples included preparations from spent fuel, soil cores,
groundwater samples, vegetation and materials associated with various high-level waste and
hydrology research programs.

The elastic recoil detection (ERD) studies measured the buildup (and subsequent desorption) of
iodine and chlorine contamination on the surface of an ion source component while the ion source
was in operation. They compliment a set of earlier measurements that determined the temperature
at which chlorine contamination could be desorbed from this component (see PR-TASCC-10;
3.2.5; AECL-11417). In these measurements, ion sputtering of the Agl + AgCl cathode was
performed with Rb+ instead of Cs+ in order to eliminate Cs interferences to the detected iodine
signal. Although the counting statistics were poor due to detector difficulties, Cl, Rb and I were
identified on the cool ion source component and then desorbed by raising its temperature to about
475°C, iodine being more readily desorbed than chlorine. This is about 100°C higher than that
measured earlier for Cl and Cs and may be due to differences in alkali chemistry.
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We conclude that if ion source components in the path of the Cs-sputtering beam are heated to
these temperatures, then background 36C1 and 129I due to Cl and I retention in the ion source will
be minimal.

3.2.11 Single Event Effect (SEE) Studies at TASCC

H.R. Andrews, N.C. Bray, J.S. Geiger, P.J. Jones, V.T. Koslowsky, and
M. J. Watson (Nuclear Physics Branch)
T. Cousins (Defense Research Establishment, Ottawa, DREO)

A facility for the irradiation of electronic chips in air is being constructed in collaboration with
DREO and the Canadian Space Agency (CSA). It will be a general purpose facility that will allow
irradiation of large boards in vacuum or in air. An interim facility for use in air has been built,
tested and used for commercial irradiations. Construction of the final set-up is progressing and
when complete, it will be placed in the beam-line at T5 in place of the "Lotus" angular correlation
table, which will be put into storage.

The irradiation-in-air facility has a beam spot size up to 3 cm diameter and fluences from ~1 to >
106 particles per second. It can be used with all cyclotron beams. Tandem beams up to -mass 50
have sufficient residual energy for useful SEE testing after passing through the Au scattering foil,
the avalanche transmission counter and the exit window into the air.

3.2.12 Progress on the Differential Algebra Orbit Dynamics Code DACYC

W.G. Davies (Nuclear Physics Branch)
S.R. Douglas (Accelerator Physics Branch)
G.E. Lee-Whiting (Physics Division)

The final magnetic field model (see PR-TASCC-10: 3.2.1; AECL-11417), including the improved
model for the trim rods, has been incorporated into the differential algebra orbit dynamics code
DACYC. Extensive tests have been made, which indicate that the vector potentials and their
derivatives are correct. Computations of orbits for realistic cyclotron operating conditions are
being prepared and the results will be compared with measurements and computations with the
old orbit dynamics code SUPERGOBLIN.

As part of this development, the computer code FIELDFIT, written by G.E. Lee-Whiting, has
been installed as part of the DACYC operating system. This code is needed to fix the 20
parameters associated with the "surface dipole densities" (PR-TASCC-8: 3.2.12; AECL-11132
and PR-TASCC-7: 3.2.10; AECL-11028), needed to "soften" the uniform-field approximation
used in the basic hill model.
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4.1 CYCLOTRON

4.1.1 Main-Magnet Control

N.A. Towne and G.L. Backmeier

The control system for the main magnet has been operating reasonably well but with occasional
failures of components, sometimes with consequent magnet discharges. On one occasion, the IS-
11 controller failed with operation restored by reseating the module. A stepping-motor power
unit also failed and was replaced.

The recalibration of a coil-lead helium-flow transducer required as a consequence of the failure of
a power supply last reporting period was done. A valve controlling the lead flow for the outer-
coil lead became stuck for a brief period. The problem has not recurred.

G. Backmeier, responsible for much of the maintenance and development of voltage-tap
instrumentation and the power supply, resigned during the reporting period. He is temporarily
replaced by G. Frketich, Accelerator Physics branch, on a 50% basis.

4.1.2 Main-Magnet Power Supply

N.A Towne and G.L. Backmeier
(TASCC Accelerators and Development Branch)
G. Frketich (Accelerator Physics Branch)

A number of new spare modules for the power supply were assembled and tested during the
report period.

4.1.3 Foil Changer

C.R. Hoffmann (Accelerator Physics Branch)

Many factors influence the reliability of foil changer operation. One of them, affecting loading
and unloading of foils is accurate positioning of the shrouds for these operations. Accuracy
would be enhanced if the shrouds moved in a straight line at the load/unload position, rather than
swing in an arc as is presently done.

A conceptual design has been done of a structure that would replace the existing drive sprocket
assembly and would generate the desired linear travel of the shroud over a distance several
millimeters longer than the pitch of one link of the transport chain, which carries the shrouds. The
new structure will directly replace the old assembly and require no modifications to the existing
mounts, feedthrough drive, or the loader/unloader mechanisms. The relocated drive sprocket will
be approximately 22 mm below its present position and the worm wheel and worm will be
similarly moved. Clearance between the lower leg of the chain travel and the vacuum housing will



4-2

be comparable to that for the upper leg. The revised system will require considerable
readjustment of the chain tensioner, but no change in position calibration should be needed.

Detailed design will begin shortly in the new year.

4.1.4 Radial Probes

R.R. Tremblay and G.L. Caldwell
(TASCC Accelerators and Development Branch)
J. J. Hill and R.E. Howard (Nuclear Physics Branch)

Radial probes 1 and 2 continue to be valuable and reliable diagnostic tools for beam development.
Probe-1 vacuum control has been switched from its software controller to a hardware controller.
This system is not yet fully commissioned because of some faults in the hardware controller. The
person who built the hardware has since retired.

No further progress has been made on the installation of new r.f. filter units or on the installation
of the new probe #2 vacuum controller. These projects have been reassigned.

Preliminary design of probe 3 is completed, however the project is being reviewed and is since on
hold.

4.1.5 Cyclotron Vacuum Systems

R.R. Tremblay and G.L. Caldwell

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.

4.1.6 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 4.1.6.1 lists the dates and reasons for the openings. Installation of an active
fumehood in the cyclotron room has begun. A dedicated active zone is required under the new
regulations regarding handling and working on active components removed from the cyclotron
midplane.
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TABLE 4.1.6.1
REASONS FOR LOWERING THE BOTTOM POLE

DATE

1995 July 10

1995 August 24

1995 August 27

1995 August 31

1995 September 18

1995 October 25

1995 November 1

REASON AND ACTION

The foil chain drive system was repaired. The deflector
components were cleaned.

The deflector components were cleaned. The feed insulator was
replaced.

A stainless-steel water-cooled deflector electrode was installed in
place of the aluminum one.

The stainless-steel deflector electrode was removed and an
aluminum one was reinstalled. The deflector high-purity water
system was decontaminated. The feed insulator was replaced.

The deflector components were cleaned during an opening to
show a visitor the midplane.

Damage to the foil chain was inspected after having run chlorine
43 AMeV.

The deflector was repaired after a chlorine 43 AMeV run. A new
extraction channel five-finger diagnostic array was installed. The
damaged foil chain was replaced with the repaired original chain.

4.1.7 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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4.1.8 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 manufactured, installed and tested. The effect of the
shield is negligible at 5.1 T, however, it does reduce the 2x injection steerer requirements for
fields under -4.8 T.

The design of the 2x steerer is 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. A power supply has been purchased. This project is now being reviewed for
financial reasons and is since on hold.

4.1.9 Extraction Channel System

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

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.

Hill lens 2 has suffered damage to two if its magnetic focusing bars as a result of overheating.
The heat source is likely the r.f. from certain demanding beams. Modifications to the hill lens
mounting bracket have been drawn. Manufacturing, installation and commissioning (along with
the necessary repairs to hill lens 2) will be done in the next report period.

4.2 RADIO-FREQUENCY SYSTEM

4.2.1 Power Amplifier

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

Arc trails in the interior of the coaxial output resonator of the 100 kW amplifier stage continue to
appear and be of concern. Two of the parts were shipped to Continental Electronics, which
manufactured the parts, to assess the damage and give an estimate for repairs. They replied that
they are beyond repair. Quotations for new parts were obtained and a decision on ordering parts
will be made soon.
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4.2.2 Bunchers and Injection Beamline Control Systems

G.R Mitchel, N.A. Towne and S.G. Whittle
(TASCC Accelerators and Development Branch)
D.R. Proulx (Accelerator Physics Branch)

A preliminary design has been produced for a low energy buncher (LEB) that would remain in the
beamline full-time, with a removable grid (see PR-TASCC-10: 4.2.3; AECL-11417). This would
eliminate the need to remove the LEB and pump down the beamline for many runs when bunching
is not needed and the grid would needlessly reduce beam current if the LEB were left in place.

The new 'modular' LEB control chassis (see PR-TASCC-10: 4.2.3; AECL-11417) has performed
well over the reporting period, albeit with most of the software "bugs" now eliminated.

4.2.3 Bunched-Beam Diagnostics

G.R. Mitchel (TASCC Accelerators and Development Branch)
J.J. Mil 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 report period, we measured
the beams given in Table 4.2.3.1. The table shows the nominal energy, the calculated energy
(from beam optics calculations), the measured energy, and the relative difference between the
latter two.

TABLE 4.2.3.1
COMPARISON OF MEASURED AND CALCULATED BEAM ENERGIES

FOR THREE CYCLOTRON BEAMS USED DURING THIS PERIOD

Beam

32S

127j

197Au

Nominal
Energy

(MeV/A)
21

15

8

Calculated
Energy

(MeV/A)
20.98

14.87

7.87

Measured
Energy

(MeV/A)
20.78±0.04

14.75±0.03

7.89±0.02

Energy
Difference

(%)
-1.0±0.2

-0.8±0.2

+0.3+0.3

As well, energy measurements were done on a Tandem-only 197Au beam used during foil lifetime
experiments (see section 4.3.3). Energies measured were 121.25±0.20MeV (at q = +9), and
119.60±0.20MeV and 119.45±0.20MeV, when stripped to q = +29 with cracked ethylene and
laser-ablated carbon foils, respectively (nominal 20 ng/cm2).
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Commercialization of R.F. Products

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

We continue to market specialty products under the branch name "TASCC RF Engineering". The
product line now consists of five modules. A new product announcement for our r.f. attenuator
appeared in "Microwave Journal".

During the report period, we have provided quotations to customers in India, Japan and the U.S.,
but no new sales have been confirmed.

Marketing of these products is done from within TASCC Division, in close cooperation with the
AECL Commercial office.

4.3

4.3.1

BEAM DYNAMICS

New Beams Calculated

E.H. Lindqvist

Beamline and cyclotron parameters have been calculated for the beam described in Table 4.3.1.1.
The beam was requested for a physics experiment and has now been developed and used. The r.f.
frequency required was a record high of 61.35 MHz.

TABLE 4.3.1.1
BEAMS CALCULATED, 1995 JULY TO DECEMBER

Beam

32S

Energy
(MeV/u)

21

qi/q»

4/12

Field

2.72

R.F.
Mode

0

Harmonic
Number

4

4.3.2 Update of Cyclotron Setup Files

E.H. Lindqvist

An extensive review and update of setup files for more than 100 cyclotron beams was almost
completed. Among the many parameters reviewed were: settings of quadrupoles in the injection
beamline, experimentally found optimum main-magnet currents for isochronism and calculated
settings for small level adjustments of the main-magnet field, experimentally found trim-rod
settings for optimum centering and vertical focusing, extraction-channel limits and anticipated
required deflector voltage using a gap of 5 mm. In addition, minimum dee voltage to pass the
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shroud on the foil holder, anticipated number of turns for a given dee voltage, beam position for a
stripped and unstripped beam with and without r.f. and optimum beam position at the last turn
before extraction were reviewed.

4.3.3 Foil Lifetime Studies

G.R. Mitchel and J.W. McKay

Limited foil lifetime has been an operational problem in the cyclotron during runs with heavy ions
such as 197Au and 209Bi, particularly when the injected beam current is above 100 nA The beam
extracted from the SCC is observed to decrease, and the orbital patterns change, over a timescale
of several minutes to an hour, presumably due to foil thickening and increased energy loss of the
stripped beam.

A two-day run in 1995 July was devoted to a simulation of this phenomenon, using a bunched
Tandem-only beam stripped in the bypass beamline. The energy of the stripped beam was then
monitored over several hours with the time-of-flight energy measurement system (see section
4.2.3). No changes were seen in the beam energy over time; high and low beam intensities and
two types of foil (cracked ethylene and laser-ablated carbon) were compared. The reasons for
this null result are not clear; further experiments in the cyclotron are planned.

4.3.4 Understanding Extraction Losses and Jitter in the SCC

N.A Towne

Beam losses during extraction in the SCC are typically two-thirds in spite of the fact that
apertures are much larger than injected beam sizes. Besides having lower extracted current,
activation of internal components is a growing problem. In a parallel problem, the machine is
anomalously sensitive to changes in the injected-beam trajectory, dee voltage and dee phase. For
example, most of the extracted beam can disappear when the dee voltage changes by 0.1 % — a
change that results in only a 0.3 mm expansion of the spiral near extraction radius. As a
consequence, subsystem stability requirements established recently (PR-TASCC-10: 4.3.2;
AECL-11417) are unusually strict.

In an effort to explain these facts, relax subsystem stability requirements, and reduce beam losses,
a study using the program SUPERGOBLIN was undertaken. In this study beam-dynamical maps
through the last several turns before entering the extraction system were calculated. The variation
of the maps with dee voltage was given special attention. Calculations were done for ^^Bi - 6.7
MeV/u, and 12C - 45 MeV/u.

The main result of the study is that the tolerance on the trajectory through the last turns is
unusually tight. The maps quickly become nonlinear off nominal trajectories and are very
sensitive to initial conditions. For trajectories within this tolerance there is no unusual sensitivity
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to dee voltage, phase or injected-beam trajectory. So it appears to be very important to steer the
beam properly through the fringe field in this cyclotron.

The study also suggests a simple method for finding the nominal trajectory through the fringe
field. In this method the radii of the last turn on the two radial probes are plotted, yielding a
characteristic pattern as the dee voltage is changed. Using this method one finds the trajectory
that is approximately stationary with respect to dee-voltage changes.

The study also gives a possible explanation for the need for the unusually high deflector voltages
empirically required for extraction. In this explanation, the nominal trajectories are angled
additionally inward at the entrance to the deflector, requiring higher voltages to kick them into the
extraction channel. New estimates of nominal deflector voltages were calculated that are often
higher than we currently run, lending additional weight to the argument for a second deflector
(PR-TASCC-10: 4.3.3; AECL-11417).

4.3.5 Orbit Centering with the Code CENTRING

N.A. Towne

Development of the orbit-centering code CENTRING (PR-TASCC-9: 4.3.6; AECL-11239) has
continued with the result that the code is in a mature state with good documentation. The code
has been used successfully centering ^ i - 5.4 MeV/u, 197Au - 10 MeV/u, 127I -19 MeV/u, and,
to a lesser degree, 12C - 23 MeV/u. In a few other sessions, program bugs and inadequate
training compromised the results. While all sessions to date have been done parasitically to other
production and development runs, future dedicated centering runs are, and will be, scheduled,
with the goal of improving the decentering of previously-developed beam setups.

The problem with the exaggerated effect on the orbits of certain trim rods has not been
understood. The effect is not consistently present and it is not known what conditions brings it on
or what beam-dynamical issues are involved. We deal with it by watching for evidence of it and
to compensate corrections if it appears.

4.4 CRYOGENICS SYSTEM

4.4.1 Scheduled Maintenance and System Upgrade

R.R. Tremblay, G.L. Caldwell and D.J. Caswell

The regular bi-weekly, 7 500-hour and 10 000-hour scheduled maintenances were completed on
engines 5 and 7 as required. New piston assemblies were installed on engine 7 during its
scheduled 10 000-hour maintenance. This should eliminate premature seal wear which resulted in
the venting of the coldbox, once this period and twice in the previous report period. A number of
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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.

A total of 187 helium cylinders were used, compared to 202 cylinders in the last report period. In
total, there were seven power outages and numerous power bumps. Helium leaks across the
emergency lead-cooling solenoid were eliminated by installing a new replacement solenoid. The
main-magnet lead control system review continues, outlining system and control specifications in
preparation for switching to the VISTA control computer from the LSI-11.

As a result of operating the cryogenic system in a slightly different mode, the consumption of
liquid nitrogen between 1994 July 1 and 1995 July 1 was 666 006 litres, compared to 789 830
litres for the period 1993 July 1 to 1994 July 1. This is a yearly savings of over $19 000 for the
TASCC Accelerators and Development branch. The liquid nitrogen consumption for the period
1995 July 1 to 1995 December 31 was 287 602 litres, indicating an additional $9 000 saving in
this period alone.

Significant effort has been spent updating all cryogenic system helium-piping drawings. The
drawings are completed and discussions are underway in order to identify all of the relief valves
which will have to be replaced.

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.

The two large recovery tanks outside Building 137 were repainted.

As a result of the Montreal Protocol agreement which regulates the use of CFCs and HCFCs,
alternate degreasing solvents will have to be used in future cryogenic maintenances. This will
likely increase the length of time required to perform maintenances since the new solvents are
more hazardous to humans and less effective in their cleaning function.

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 required replacement of
their motor protection module; compressors 3 and 4 did not require any repairs during this report
period.
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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 Summary

The PDP-11-based central control system provided its usual high reliability during six months of
round-the-clock beam production. The list of upgrades to the PDP-11 control system, principally
in the form of database changes, was also in the same pattern as during the past few years, to
accommodate hardware upgrades throughout the laboratory and to keep up with continuously
evolving programs, such as AMS.

As was the case during the first half of 1996, the configuration of Vsystem control software to
take over the central-control-system function continued to suffer because of the assignment of the
group leader, B.F. Greiner, to a commercial software project elsewhere in AECL. As of 1996
September IS, the group returned to three full-time software specialists.

The availability of the familiar hardware specialist, T.G. Whan, to the control group is now down
to approximately 20%, or one day per week. This situation is partly a result of the natural
reduction of hardware upgrades to the control system as the laboratory matures and partly as a
result of the requirement within the Nuclear Physics branch to replace senior technical staff who
are retiring. Since the control system has high priority in the rare instances of hardware failure
and routine preventive maintenance is still being carried out, the reduction in staffing has been
accommodated reasonably well.

4.5.2 PDP-11 Hardware and Software Developments

Upgrades to the AMS program, the negative-ion injectors, the r.f. system and the Tandem control
hardware required significant changes and additions to the databases of the PDP-11 control
system. The overall aim of all of the upgrades is to provide the operations staff with control of
the new equipment in a manner which is familiar to them, in order to minimize training and the
total time required to bring the new equipment into full use.

The expanding AMS program in the area of nuclear safeguards has evolved so that iodine-129
measurements now have dedicated software which is completely parallel to that for chlorine-36.
The new software replaces the developmental situation which required operators to manipulate
chlorine-36 software while remembering that they were really dealing with iodine. New power
supplies, beam and source diagnostics and a novel ion source which allows the insertion of AMS
samples into the source from outside the injector were also accommodated by database changes.
In addition, a four-sector slit was installed inside the AMS injector and a program was written to
provide a reasonable imitation of the analogue beam-current display available for all other TASCC
slits, which are not at 180 kV relative to the control room.
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The continuing series of upgrades to r.f. systems were also accommodated by database changes
on the PDP-11 through the report period. Additional database changes to provide remote
controls for the new Tandem electronics, tested on-line for the first time in 1995 November, will
be ready for commissioning in the next report period.

The beginnings of a major project to allow accelerator operators to save the parameters
associated with a particular beam setup were undertaken on the PDP-11 in spite of the limited
lifetime foreseen for this computer. This decision reflects the importance attributed to reducing
the time required to set up a cyclotron beam, and it was demonstrated that restoration of saved
parameters could indeed improve the beam turnaround time. The save/restore software remained
in a demonstration-only form, requiring expert assistance to operate, during the report period.

The touch panels on the main control desk were replaced in September, after a lengthy period
during which the thin coatings on all of the touch-sensitive surfaces, both in-use and spares, had
worn to the point of non-operation. The touch panels provide the primary interface between the
control system and the operators, and substitution of a modern touch panel would have required a
lengthy development period. Fortunately, the original manufacturer of the touch-sensitive panels
was able to revive the capability of manufacturing new panels to the original specifications, and
our small order along with that of another laboratory which is still using the same panels allowed
a reasonably cost-effective purchase to be made. The attachment of the electrical connections to
the touch panels required a significant but reasonable in-house development project, and the new
assemblies should now exceed their required lifetime very comfortably.

Near the end of November, one of the aging disks on the PDP-11 computer failed, causing a brief
beam outage while the backup system was brought on-line. (Only obsolete disks are compatible
with the operating system in use on the PDP-11, which is the main justification for the on-going
project to change to newer computers.) A few days later, after the disk was replaced, the control-
system disk appeared to fail again before the control software had been transferred to the new
disk. This caused a two-hour beam outage while the only remaining disk copy of the on-line
control software was copied to the new disk as a conservative backup measure. This very short
outage, 0.05% of the calendar hours in the report period, is the second largest outage attributable
to the control system on record since 1981.

4.5.3 Upgrade to VISTA Control-System Software

The reduction of staff from three to two software specialists for 40% of the report period was felt
most in the VISTA project. PDP-11 support, which requires approximately 80% of one person,
had to be maintained while administrative and support work such as purchasing, scheduling and
troubleshooting became a new responsibility for some members of the group. Management and
upgrading of the "Open VMS" operating system on our four VAX computers, plus the initial
configuration of three new "Alpha" workstations accounted for approximately five person-weeks
during the period. In addition, it was felt to be essential for D.J. Caswell to attend the second
Vsystem Users' Meeting, where he discussed our new status-handling software. Manpower was
also required for a significant adjustment to the cryogenics controller after installation of new
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pistons in the helium-refrigerator engines increased the efficiency of liquid-helium production so
much that the original software could no longer regulate the production rate. Finally, the very
successful efforts of our Pubic Affairs Working Party to foster a highly positive image of TASCC
and AECL in neighbouring communities accounted for a further six person-weeks from
DJ. Caswell.

Progress in the VISTA conversion was substantial in spite of competing demands for our time. In
particular, the program which limits the ramp-up rate of the deflector was converted to Vsystem
as a test case. The need for a general utility which will activate a program like the deflector
controller in response to a change in the demand value by an operator was also met as part of this
conversion. The heavily used "CUPMUX" program, originally written to save wear-and-tear on
the touch panels and quickly recognized as providing a major reduction in frustration for the
operators, was converted to Vsystem from the PDP-11. Considerable effort was also spent on
the data reader, which is now in a useable form, and on revisions to the database-conversion
software to rectify some oversights in the original software.

At the beginning of October, the details and manpower for software required to make Vsystem
capable of providing all of the functionality available on the PDP-11 system, the basic goal of the
conversion, was written down and the date of 1997 January 2 was accepted as the date for the
first full-scale test of Vsystem as the control system for the laboratory.

In November, we renewed our contact with the control group in the accelerator section of the
Hahn-Meitner Institute (HMI), Berlin, Germany, in the form of a mutual interest in Vsystem
software. Since the HMI laboratory is now configuring its first Vsystem controller, we will likely
be able to offer advice which may go some small way to repaying HMI for its generous support of
our first control-system project, beginning in 1975.

4.6 NEGATIVE-ION INJECTORS

4.6.1 Ion-Source Development

Y. Imahori

Design and manufacturing of new improved charge-exchange oven for the Chalk River microwave ion
source was carried out. The oven uses alkali metal as a charge-exchange medium. Alkali metal is
vapourized at the central region of the oven. To maintain desired vapour pressure, the oven
temperature is about 500°C for Lithium and about 100°C for Cesium. Metal vapour is confined in the
drift tube where the charge-exchange process takes place. Both sides of the drift tube (positive-beam
entrance and negative-beam exit) areas are kept at slightly higher than the melting point of the metal by
auxiliary heaters, therfore, the metal vapour impinging at this area of the oven wall condenses as a
liquid. The liquid metal followes outer wall of the oven and condensates back to the central region.
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In this manner, the oven can be operated continuously with least charge of the alkali metal. Special
considerations were given to simplify its maintenance and operation. The oven test is almost
completed at the ion source test stand. It will be tested with the microwave ion source at the beginning
of the next reporti period.

In order to improve accuracy and repeatability of chlorine 36 measurement, the AMS ion source as
well as the beam transport system alignment were re-examined. Modifications were made on the ion
source parts so that the interlocking parts achieved self-alignment of the ion source.

Measurements of cesium current vs. negative beam output are being carried out at the ion source test
stand. A model 860 sputter ion source with a conical ionizer is used to measure cesium currents.
When the cone holder is retracted 1/2" from normal position, cesium beam drifts and diverges so that
no negative beam is generated at the cone, therfore, the cathode can be used as a Faraday cup. It was
observed that the cathode currents varies depending on position and material of cone, therfore, cesium
currents measured may not be representing real one. Further measurements will be carried out in the
next report period.

4.6.2 Microwave Ion-Source Development

J.S.C. Wills, R.A. Lewis and H. Schmeing

4.6.2.1 Compact Permanent-Magnet Ion Source

A completely redesigned version of the microwave ion source has been running on the ion source
test stand (ISTS) since 1995 October, following fabrication of components in the Accelerator
Physics branch mechanical laboratory and the Carleton University science workshop.
Serviceability of the new design has been improved by incorporating the permanent magnets in a
removable solenoid structure, physically separated from the plasma chamber. The internal
dimensions of the source have also been reduced as much as practicable. The solenoidal field
generated by the new permanent-magnet array is uniform to within 5% over the volume of the
plasma chamber (5 cm diameter x 5 cm long). The field on axis can be adjusted from 900 G to
1100 G by varying the radial spacing of the magnet bars.

The source has operated with the requisite magnetic field provided by both electrical solenoids
and the permanent-magnet solenoid. In the former configuration, a 100 mA hydrogen beam was
extracted from a S mm diameter extraction aperture, essentially duplicating the performance of
the original Chalk River proton source (from which the design of the new source evolved),
despite a reduction in plasma chamber volume by a factor of eight. Beams of He+, Ar+ and Xe+

have also been extracted. A priority of the positive-ion tests has been to reduce gas consumption
during He operation (important when running on 3He). It was found that an admixture of
0.01 seem of Xe into the He source gas reduced the required He flow from 3 to 1 seem for a
quiescent 6 mA He+ beam.
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A new charge-exchange canal, designed by Y. Imahori specifically to accept the high positive-ion
currents available from the microwave source, has been fabricated and assembled. In a dry run
(without charge-exchange media), the canal was heated to 500°C for 48 hours without failure.
Coupled operation of the source and canal will be tested on the ISTS early in 1996, in preparation
for routine He" production at TASCC.

4.6.2.2 Direct Extraction

Direct extraction of uA currents of negative hydrogen and oxygen from a microwave-driven
plasma was demonstrated with a modified version of the microwave ion source, meeting a
TASCC milestone. Negative-ion production was enhanced by adding a magnetic-cusp "bucket"
section (containing a transverse magnetic "filter" field) to the normal solenoid-field plasma
chamber. A steel field clamp between the two sections reduced penetration of the solenoid field
into the bucket section. It is expected that enhancements to the extraction geometry and field
clamp will increase negative-ion yields to the mA-level.

4.6.2.3 CO Memory/Break-up Tests

Preliminary tests of the ability of the microwave source to handle gaseous samples containing CO
were performed for visitors from the Woods Hole Oceanographic Institute. A small flow of CO2

gas was injected into the source gas inlet line and the decay time of the extracted and analyzed C+

peak was observed after the valve was closed. A constant flow of 0.5 seem of Ar was maintained
to support the discharge. The C+ peak intensity fell to one-half its original value 20 seconds after
the valve was closed. Some, if not most of the observed decay time may be attributable to
diffusion of residual CO2 out of the injection line in the presence of a steady Ar flow.

Efficient breakup of the CO molecule was also observed when the source was operated on a pure
CO2 feed. A spectrum obtained from a 10 mA, 24.5 kV beam is shown in Figure 4.6.2.1. These
results are considered promising for such applications as accelerator-based detection of carbon in
sea water samples and target ion sources for radioactive beam facilities.

4.6.2.4 Experiments on ISTS

Two Deep River Science Academy students, under the supervision of tutor R. A Lewis, carried
out experiments on ISTS during June and July of 1995. The electrostatic focusing of highly
space-charged neutralized beams was investigated. It was also found that the plasma chamber
volume could be reduced from 500 cm3 to 50 cm3 without significantly changing source
performance.
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4.7 BUILDING SERVICES

4.7.1 Support Services

G.D. Reynolds

The Building 114 Document Library was upgraded. Many documents were filed and indexed and
many obsolete documents were purged.

A backup air-compressor was internally procured to be placed in room 202 and connected to the
service-air system. It will provide air during Power House outages.

An asbestos survey was performed by the Industrial Safety Branch. It resulted in asbestos lagging
being identified for future removal.

Raw Water System Controller TIC-1 and 2 failed and was replaced by a spare. No beam down-
time resulted.

A steam leak in room 201 was repaired.

4.7.2 Deionized-Water System

G.D. Reynolds

Commissioning of the new chiller and heat-exchanger system in room 206 began. All piping has
been tested and is now in service.

An overpressure interlock was installed to trip the deionized-water system if a high pressure fault
occurred.

A faulty AC-power connection which had caused two nuisance trips of the system was repaired.

The dissolved oxygen meter was placed temporarily in the deflector high-purity water system.

4.8 PUBLIC AFFAIRS

4.8.1 Public Image Work and Participation in AECL's Educational
Partnership Program

D.J. Caswell and G.R. Mitchel

Since 1994 December, D.J. 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.
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Over the report period, G.R. Mitchel has done 38 demonstrations in 8 schools and D.J. Caswell
has done 49 demonstrations. Ten of the shows were presented in French, with the rest in English.
A detailed trip list is shown in Figure 4.8.1.1. It is an impressive record. Assuming an average
class of 40 students, the total audience for the report period is over 3 000, from grades 5 to 12
with content adapted for the audience.

Special demonstrations for the general public were presented as part of the AECL 50th

Anniversary Exhibit, at the Deep River Summerfest in 1995 August.

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 (North Renfrew Times, Pembroke Observer, Cobden Sun, Renfrew
Mercury), on CTV television (CHRO and CJOH), and 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, for the remainder of the 1995/96 school year.

4.9 REPORTS

L.W. Thomson

Thirty-five SCC Notes (Series II) have been written and distributed. No TASCC Instruction were
written or revised.

Monthly issues of the TASCC Newsletter continue to be written, with a current mailing list of about
251 recipients, 180 of whom are off-site.
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TABLE 4.8.1.1
LIQUID NITROGEN DEMONSTRATIONS

DONE BY G.R. MTTCHEL AND D.J. CASWELL, 1995/96 SCHOOL YEAR

Date

1995 August 5

1995 August 6

1995 September 26

1995 September 27
1995 September 28
1995 September 29

1995 October 17
1995 October 18

1995 October 19

1995 November 2

1995 November 3

1995 November 8

1995 November 21
1995 November 22
1995 November 23

1995 November 24

1995 December 5

1995 December 6

1995 December 7
1995 December 8

Details

D. J. Caswell. AECL's 50th Anniversary Exhibit, Deep River,
Ont. Sponsored by AECL and the Canadian Nuclear
Association. General public.
G.R. Mitchel. AECL's 50th Anniversary Exhibit, Deep River,
Ont. Sponsored by AECL and the Canadian Nuclear
Association. General public.
D. J. Caswell, General Lake School, Petawawa, Ont. Grades
5-8.
D.J. Caswell. Pinecrest School, Petawawa, Ont. Grades 5-8.
G.R. Mitchel. Herman St. School Petawawa, Ont. Grades 5-8.
G.R. Mitchel. Pineview School, Pembroke, Ont. Grades 5-8.
D.J. Caswell. Sherwood School, Barry's Bay, Ont. Grades 5-8.
D.J. Caswell. Palmer Rapids Public School, Palmer Rapids, Ont.
Grades 5-8.
G.R. Mitchel. Visitors Centre at CRL. "Camp Hfila Nominees",
special visit to CRL. 80 students and teachers.
G.R. Mitchel. St. Andrews School and Killaloe Public School,
Killaloe, Ont. Grades 6-8.
G.R. Mitchel. St. John Bosco School, Barry's Bay, and Georges
Vanier School, Cambermere, Ont. Grades 5-8.
D.J. Caswell, Visitors Center at CRL. "Bring your children to
work day" visit at CRL.
D.J. Caswell. St. Joseph's School, Arnprior, Ont. Grades 5-8.
D.J. Caswell. John XXIII School, Amprior, Ont. Grades 5-8.
G.R. Mitchel. Ecole Secondaire Jeanne Lajoie, Pembroke, Ont.
Grades 9-12, in French.
G.R. Mitchel. Ecole Saine Jeanne d'Arc, Pembroke, Ont.
Grades 6-8, in French.
D.J. Caswell. St. Joseph's High School, Renfrew, Ont. Grades
9-11.
D.J. Caswell. McNab Public School, Arnprior, Ont. Grades
5-8.
G.R. Mitchel. Fellowes High School, Pembroke, Ont. Grade 9.
G.R. Mitchel. General Panet High School, Petawawa, Ont.
Grades 9-12.
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