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SUMMARY
G.A. Bartholomew
1.1

Nuclear Physics Research
MP Tandem Operation
The MP Tandem operated exceptionally well during
the quarter with unscheduled down time at a record minimum.
Initial operating experience under computer control of a
tandem component has been instituted with on-line computer
control of the stripper-gas valve in the terminal of the MP
tandem.
Accelerator availability was as follows:
Experiments running
Scheduled shutdowns
Unscheduled shutdowns

1589
452
47
2088

hours
hours
hours
hours

76 .1%
21 .7%
2 .2%

100."0%

Ten experiments were performed during the
quarter. Fourteen visiting scientists used the accelerator;
they were involved in experiments occupying 89% of the beam
time and in these experiments their participation averaged
48%.
Research Activities
A new measurement of the shape of the tritium
beta-spectrum endpoint with higher accuracy than achieved
hitherto is planned for the one-metre radius W 2 iron-free
beta spectrometer. This spectrometer is capable of severalfold improvement in resolution over those used in previous
attempts. The resolution actually achieved in the experiment will be limited by energy-loss effects in the tritium
source. If sources of suitable quality can be prepared, a
definitive measurement of the rest mass of the electron
anti-neutrino should be realized.
In collaboration with scientists from Fermilab,
and SUNY Albany (USA) and JiNR (Dubna, USSR), local scientists from Nuclear and Solid State Science branches are
undertaking experiments at Fermilab to band high-energy
proton ar.J pion beams using bent single crystals of silicon.
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A search for a predicted class of high-K, manyquasi-particle isomers in
~
Yb and
~" Hf using
(16O,xn) reactions on targets of 152 ~ 15tt Sm and 1 5 4 l l 5 6 G d
indicates that either these isorners do not exist or their
population in these reactions is exceedingly weak.
Magnetic moment measurements of excited levels in
TJt by the transient magnetic field method have yielded a
result in strong disagreement with that obtained from magnetic
hyperfine splitting in muonic 2 0 5 T z . The 570 keV first
excited state in 2 " 7 Pb is being investigated as a possible
transient magnetic field calibration standard for high recoil
velocities.
2

The polarized electron source for the experiment to
test patity violation in the photodisintegration of deuterium
has provided 34% electron polarization and a stability of
5x10
during polarization reversal. Methods to achieve
uniform
B coating of the electrodes for the multiple boron
ion chamber for neutron detection are well in hand. The
bremsstrahlung target for the Electron Test Accelerator to be
used in this experiment has been fabricated.
The photofission cross section of
Th between 4.95
and 6.76 MeV was found to show three distinct regions.
Assuming a double-humped fission barrier, the two barrier
heights were found to be ~5.3 and ~6.4 MeV. However, to
interpret the observed resonant structure, a three-well
potential must be postulated and the experimental peaks are
interpreted as resonances between the second and third wells.
Corrections to the single-particle Schmidt values
for the magnetic moments of closed LS-shells plus (or minus)
one nucleon have been computed. Agreement with experiment is
appreciably better than that achieved previously.
1.2

Accelerator and Applied Physics
Research Applications
a) Fast Intense Neutron Source
- Operation of the system was stable with no trips during
several runs of several hours after some initial
instability caused by a now-redundant Lucite spacer in
the high-voltage cable was overcome.
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b) Heavy-Ion Superconducting Cyclotron
- The magnet cryostat has now passed its 13th month of
continuous operation.
- A new, larger helium liquefier is on order for the
Building 117 installation.
- Further analysis of measured field harmonics explains the
apparent discrepancy between coil positions for minimum
de-centering force and minimum field harmonics.
- Installation of the accelerating structure in the magnet
is almost complete.
- The rf amplifier has been operated into the dummy load
located alongside the magnet in the Building 145 annex.
- Initial tests on the Mk II cryopump have been run.
- The low energy buncher prototype has been fitted with a
gridded gap and its tuning range re-measured.
- The foil changer vacuum envelope is complete.
- Extraction channel magnet development is proceeding.
Three-layer gradient coils and two-layer bias coils have
been tested.
- Field map generation for extraction orbit calculations is
complete.
- Design of four beam probe systems is progressing.
- Cyclotron codes have been modified to include the passage
of particle trajectories through yoke wall apertures, in
magnetic field distributions based on measured data.
- The PDP-11/34 computer-based control systems functioned
reliably during the quarter.
- Microprocessors to control selection and operation of
various beam diagnostic devices in the transport system
have been purchased and the associated signal
distribution units are being constructed.
- The beam transport magnet order is on schedule with the
supplier.
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Much of the hardware for the beam transport vacuum system
has been received. A prototype vacuum section has been
assembled to study the mechanical layout and to test
components and their control.
A motor-driven four-way adjustable slit assembly prototype
has been built and successfully tested.
Nuclear Power Applications
a) High Current Proton Accelerator Development
High proton fractions (60-65%) have been obtained with a
ring-cusp second-anode duoPIGatron.
CERN beam dynamics codes have beer, installed on the CRNL
computing system and are being used to investigate beam
dynamics properties of present drift tube linac (DTL)
designs.
A temperature post-processor for SUPERFISH is working and
will be used to investigate cooling of radiofrequency
quadrupole (RFQ), DTL and coupled cavity linac structures.
Mott vacuum seals were functional in the assembly of the
energy analyzing system that will be used with the 3 MeV
Alvarez tank.
Low
the
new
its

power studies on rf dipoles have provided insight to
operation and possible rf designs of RFQ systems. A
RFQ termination has been undergoing tests to determine
suitability.

Construction of the aluminum resonant load was completed.
Installation and fabrication of components to be tested in
the load are underway.
b) Electron Test Accelerator
Accelerator extension and reconfiguration was completed
during the period.
First beam after the 12 month shutdown was achieved with
300 (JA in the zero degree beam line and 10 pA in the 45°
beam line.
Beam dynamics calculations using the GUN5 code and PARMELA
have been carried out up to the entrance of the Model 4,
Electric field distributions, Q measurements and VSWR
dependence on tuner position have been measured in the new
buncher.
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Cavity temperature computer studies have shown
structure dimensional changes at high power.
Temperature profiles and temperature sensitivity to
cavity web thickness have been determined for the new
coaxial structure.
A study of the sensitivity of third harmonic cavities
to the beam cavity interaction shows that a proposed
experiment could contribute significantly to the
understanding of beam blowup problems in cw microtrons.
The digital to analog module has been commissioned and
the new analog multiplexer is installed and operational
on ETACON.
c) Neutron Yield Determinations
The measurement of the thick target neutron yield from
100 MeV bombardment of 7 Li shows a much flatter
thermal neutron flux distribution in a water moderator
than the corresponding results for lead. This is
consistent with the harder spectrum expected from the
7
Li target. The yield obtained was 0.12 neutrons per
incident proton.
The maximum volume-averaged neutron
flux was found to be 1.2xlO15 n-citi"2 -s" 1 • A"1*.
Results are now being obtained on activations induced
in foils irradiated at specified positions in the
graphite-stainless-steel-thorium blanket surrounding a
DT neutron source at INRS Energie, Varennes, Quebec.
A special library of cross sections has been prepared
for detailed neutronic evaluations of the results.
1. 3

Solid State Physics
The existing communications package used in the
PDPll/Camac system controlling the C5 neutron spectrometer has been replaced by a STAR-11 communications
package. The new package is faster, more reliable and
supports more satellites than did the original. The
control system has been extended to allow variation of
specimen temperatures under computer control. The
specimen temperatures can now be computer controlled over
any range for which a suitable temperature sensor is
available.
Neutron diffraction studies of monomeric carbon
diselenide have shown that its crystal structure is
isomorphous with that of carbon disulphide and shows the
same unusual temperature dependence of the c lattice
parameter.
Similar measurements on the ordering of
lithium in the cathode of an intercalation battery show
that below 150 K, stage - 2 ordering occurs for 16 at.%
Li but not for 25 at.% Li.
*1 A = 0.1 nm
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Measurements of the phonon frequencies in the
uranium chalcogenides UTe and USe have shown that both
compounds display a negative Poisson's ratio and are
unusually compliant under pressure. These phenomena have
not previously been observed in systems that order ferromagnetically.
Magnetic excitations have been observed in two
quasi-one-dimensional, Ising-like antiferromagnets. In
CsCoBr 3 , the first evidence was obtained for solitons
propagating in magnetic chains and a theory of thermally
activated free solitons was developed to interpret the
data. In the randomly dilute antiferromagnet
CsCo 83^9 17^*3 a n e w broad, dispersionless feature
was observed.
This excitation is associated with the
spins at the end of isolated chains of magnetic ions.
Positron annihilation measurements have been
made on oriented single crystals of Zn as a function of
temperature. Considerable anisotropy was observed with
crystal orientation, while a large amount of smearing
near the Fermi momentum and a distinct change of slope in
the prevacancy region were also found. None of these
effects are clearly understood.
The spin correlations observed in the spin
glass Mn c Zn^_ c Te have been analyzed in terms of a two
parameter model. The analysis is reasonably successful
but a more elaborate model is clearly required.
Reanalysis of the observed temperature
dependence of the condensate fraction in superfluid ^He
has led to better value for the fraction at zero
temperature and a better expression for the temperature
dependence.
Small angle scattering measurements of DNA base
aggregation suggest that, in aqueous solution, the
stacking number for 6-methylpurine is approximately three
times larger than for N(6), N(6)-dimethyladenosine.
1.4

Applied Mathematics and Computation
A thermal hydraulic model for the SLOWPOKE III
core is being developed. Combined' with single element
test measurements, the model should provide the
capability for SLOWPOKE analyses under a wide variety of
conditions.
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Updates for the three stress analysis programs,
MARC, TPIPE and STARDYNE, have been received and tested.
Version 4.4 of TPIPE has been released for general use;
MARC J-2 and a new version of STARDYNE are to be released
in April. A program, PRESTAR, which executes interactively on the CDC 170/720, is being tested for use in
the preparation of data for STARDYNE.
,A set of programs for the analysis of
experimental data is being prepared for Nuclear Physics
Branch. Modelled on the ALLONE program, presently
running on the PDP-10, these programs use the CDC 720 for
"set up" of analyses and presentation of results, and the
6600/175 computers for tape handling and data analysis.
Enhancements have been made to NOS, the
operating system for the CDC 170/720, to provide users
with job submission and output retrieval capabilities
analogous to those available through the 3300. In
addition, a "mail" system has been installed on the 720;
this provides a convenient mechanism for interchange of
short messages amongst users of the computer.
Miscellaneous programs and subroutines
developed or modified during the quarter included:
enhanced versions of control statements for
transmitting files from the 6600/175 to the Sheridan
Park and CRNL 720's,
a routine to determine best estimates for the radius
and centre of curvature of a set of data,
-

a model, using MARC, for the stress and deformation
analysis of seal components,
a set of procedures for storage and retrieval of
applicants' data was written for Corporate Head
Office,
refinements were made to GRAAS to improve peak fitting
for some special cases,
improvements were made to the SUMRT program.

The following table is an analysis of computer
use during the quarter.
Percentage of
Number of Jobs
Corporate Head Office
Radiochemical Company
Chemical Company
Engineering Company
WNRE
CRNL:
Computing Centre
Contracts
Technical Information
& University Relations
Health Sciences
Chemistry & Materials
Physics
Electronics, Instrumentation
& Control
Advanced Projects &
Reactor Physics
Fuels & Materials
Administration
Finance
Operations
Maintenance & Construction
General Services
Plant Design
Special Projects
Environmental Authority
Commercial Operations
Others

Percentage of
Total Utilization

0 .91
0 .25
0 .42
24 .71
1 .96

0. 83
0. 03
0. 10
43. 20
2. 59

23 .06
1 .30

8. 18
0. 77

0 .42
3 .18
2 .89
5 .60

0. 30
2. 75
4. 33
6. 50

1 .10

1. 63

13 .32
12 .12
0 .72
1 .86
2 .74
0 .05
0 .06
0 .49
2 .73
0 .00
0 .11
0,.00

11. 01
7. 25
0. 15
1. 73
3. 52
0. 00
0. 08
0. 20
4. 82
0. 00
0. 02
0. 00
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Nuclear Physics Branch
T.K. Alexander
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(1)

On leave of absence at Scanditronix, Uppsala, Sweden.

(2)

Research Associate attached from the University of
Toronto and Queen's University, Kingston.

(3)

Attached from the University of Gottingen, Germany;
arrived 82 February 16, departed 82 March 28.

(4)

Post doctoral fellow.

(5)

On leave of absence at The Australian National
University, Canberra, Australia.

(6)

Post Doctoral Fellow, University of "Toronto.

(7)

Graduats student attached from the University of Toronto.

(8)

Waterloo Coop Student reported for duty 1982 January 4.

(9)

Waterloo Coop Student reported for duty 1982 January 4.

Also has responsibilities in Section I and II.
Also has responsibilities in Section I.
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2.2

Measurement of the Neutrino Mass
R.L. Graham, H.R. Andrews, J.S. Geiger and J.L. Gallant with
M.A. Lone and J.W. Knowles (Neutron and Solid State Physics
Branch) and G.E. Lee-Whiting and P.H.C. Lee (Theoretical
Physics Branch)
A new measurement of the shape of the tritium betaspectrum endpoint is planned with the view to establishing
the rest mass of the electron anti-neutrino. A measurement
in Stockholm (K.-E. Bergkvist Nuclear Physics B39 (1972) 317)
sets an upper limit of 55 eV on the electron neutrino mass,
A more recent measurement in Moscow (V.A. Lubimov et al.,
Phys. Lett. 94B (1980) 266) indicates a finite mass between
14 and 46 eV at a 99% confidence level. These experiments
were done with magnetic beta spectrometers at measured resolution settings ,'FWHM) of 55 and 45 eV, respectively. An
independent assessment of the Moscow data (R.L. Graham,
PR-P-133: 2.21; AECL-7683) is consistent with the Lubimov
et al. conclusion "that the electron anti-neutrino has a nonzero rest mass".
We propose to use the one-metre radius IT/2 iron-free
beta spectrometer (Graham et al., Nucl. Instr. & Meth. 9^
(1960) 245) at an instrumental resolution setting of 18 eV
FWHM or less. The realizable resolution will thus be limited,
almost entirely, by the electron-energy loss in the tritium
source. Various source-material options are being explored
(H.R. Andrews et al., PR-P-133: 2.22; AECL-7683). Analytical
orbit calculations are also in progress (G.E. Lee-Whiting,
sect. 4.14) with the aim of optimizing source and detector
geometry.

2.3

Bending of High Energy Proton and Pion Beams by Bent Single
Crystals of Silicon
S.T. Baker and R.A. Carrigan, Jr. (Fermilab), J.S. Forster
and I.V. Mitchell (Solid State Science Branch), W.M. Gibson,
I.J. Kim, M. Pisharody, S. Salmon and C.R. Sun (SUNY, Albany)
and E. Tsyganov (Dubna)
The Albany/Chalk River/Dubna/Fermilab beam bending
experiment at Fermilab had 150 hours of beam in January 1982.
During this time new equipment (see PR-P-133: 2.24; AECL-7683)
was commissioned.
A Si crystal was aligned with a 30 GeV/c beam of
positive particles. Measurements of the fraction of channeled
particles were made at 30, 60 and 120 GeV/C for bending angles
of 0, 7.5, 10 and 18 mrad. A preliminary analysis of the data
indicates that the dechanneled fraction of initially channeled
beam particles increases with increasing bending angle and
increasing beam energy in qualitative agreement with detailed
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theoretical calculations (J.A. Ellison and S.,T. Picraux, Phys.
Lett. 82A (1981) 271 and J.A. Ellison, to be published).
The measurements were made using a three-point bending jig.
For such a device the radius of curvature is not constant and
a new four-point bending jig has been constructed which will
give a constant radius of curvature over the bent region.

2.4

The next running period of 250 hours begins on
April 15, 1982.
21
Parity Mixing in
Ne
A.B. McDonald and E.D. Earle (Neutron and Solid State Physics
Branch) with H.-B. Mak, G.T. Ewan (Queen's University) and
H.E. Swanson (University of Washington, Seattle)
Data collection for this experiment has been
completed with a successful two week run in January. A 0.03mm
thick molybdenum foil was used as an entrance window for the
21
Ne gas cell and remained intact for the entire run (5 coulombs of 4.1 MeV protons). This is in contrast to the
tantalum foils used previously which typically leaked after
about 8 hours bombardment (0.2 coulombs). Data collection
rates were about 5 times greater than rates obtained in our
experiment at the University of Washington, Seattle (PR-P-120:
2.4; AECL-6452). The final statistical uncertainty in the
circular polarization of 2796 keV gamma rays from 2]-Ne
should be about 2.5 times smaller than that previous result.
Data analysis is in progress.

2.5

Direct Mass Measurement of Unstable Nuclei with the CRNL
Isotope Separator
K.S. Sharma, J.C. Hardy, H. Schmeing, E. Hagberg, V.T. Koslowsky,
W.L. Perry, J.S. Wills with G.T. Ewan and H.C. Evans (Queen's
University)
The analysis of three out of the four on-line mass
doublet measurements (A,B,C) outlined in PR-P-132: 2.8;
AECL-7605 has been completed. Additionally, a well-known
doublet (D) has been measured as a further check. The results
of these measurements are presented in Table 2.5.1.
The results for doublets A,C, and D are in good
agreement with other published values. While doublet B differs
significantly from the value obtained by Firestone et al. 2 ,
it compares more favourably with a value for the mass difference (AM) obtained by extrapolating S T ^ values in this region
(AM = 997 488 + 50 uv)• Analysis is in progress for the
74
73
Br Br doublet measured earlier.
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Table 2.5.1
Results of Mass Doublet Measurements

Doublet

Mass Difference iuv)
This work
Comparison value

A.

21

Na- 2 0 Na

990 278 ± 50

990 307 + 10

1

B.

64

Ga- 6 3 Ga

997 272 ± 150

997 597 + H O 2

C.

73

Br- 7 2 Br

995 344 ± 340

994 910 + 240 3

D.

• 14 .M 2 --'- 2 C ;16 0

11 259 + 27

11 233.376 ± 0.060 1

Wapstra and Bos, Nucl. Data Tables 1_9_, #3, (1977).
Firestone, Kosanke, McHarris and Kelly, MSU Cyc. L=ib.
Annual Report (1972)
Not measured; prediction in Nucl. Data Tables, 1 7 ,
#5,6 (1976)

2.6

Kinematic Shifts in the Decay of

25

Si

E.T.H. Clifford, U.J. Schrewe, J.C. Hardy, H. Schmeing,
E. Hagberg, V.T. Koslowsky and K.S. Sharma with R.E. Azuma
(University of Toronto)

2.7

25
The 3-delayed proton decay of
Si has been used to
probe S—Y angular correlations (see PR-P-131: 2.3; AECL-7510).
Kinematic shifts in the proton energy were measured in an
experiment where (3-particles and protons were detected in
coincidence. The activity was produced with the 2 4Mg( 3 He,2n)
reaction and transported to the counting location via the
helium jet system and a tape transport. Two surface barrier
detectors to detect protons and three beta AE-E telescopes
were used to observe the activity. Preliminary analysis
indicates that eight of the proton groups will yield useful
angular correlation coefficients.
Measurement of the Lifetimes of Levels of
Ar
T.K. Alexander, G.C. Ball, J.S. Forster, D. Horn with
I.V. Mitchell (Solid State Science Branch) with H.-B. Mak
(Queen's University)
This is part of the series of experiments measuring
the E2 transition probabilities of analogue transitions in
T = l isobaric triplets in the s-d shell. The A = 30 (see
PR-P-128: 2.4 and 2.5; AECL-7234) and A = 2 6 (PR-P-129: 2.3;
AECL-7328) experiments have been previously described.
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34
In the present experiment, levels of
Ar were,
3
32
populated in the
He( S,n) -^Ar reaction by bombarding Heimplanted Au targets with 80 MeV 3 2 S 6 + ions. The experimental
arrangement was similar to that used to measure the lifetimes
of levels of 2 6 Si (PR-P-129: 2.3; AECL-7328). Three Ge(Li)
detectors at 0°, 135° and 60°, respectively, and two NE213
neutron detectors at 0° were used.
Coincidences between each Ge(Li)-NE213 pair were
recorded. An 8 8 Y source was placed near the counters for gain
stabilization of the Ge(Li) detectors. The on-line data
indicate that the 2\+, 2091 keV and 2 2 + , 3288 keV levels were
populated as desired, but that the Q>2+ level was only weakly
populated. Analysis of the data is in progress.
Precise, high-velocity DSAM data already exist for
the analogue levels in 34g (see G.C. Ball et al., Nucl. Phys.
A349 (1980) 271 and J.A.J. Hermans et al., Nucl. Phys. A284
(1977) 307).
2. 8

Precision Q-Value Measurements
V.T. Koslowsky, E. Hagberg, J.C. Hardy, H. Schmeing and
K.S. Sharma with R.E. Azuma (University of Toronto)
We are continuing our program to measure relative
0 + ->• 0 + beta decay ft. values by precisely measuring (3He,t)
Q-value differences (see PR-P-123: 2.19; AECL-6680) with the
Q3D spectrometer and the high-voltage target.
During
++
g the latest
st experiment,
e x p e e n t , a compound
c o p u n d target
ta
54
42
^
consisting of 54pe an( j 4 2 Q 3 w a s bombarded by 18.8 MeV
The resultant tritons corresponding to the 54co(g.s.) and
the 42g c (g. s .) recoils were observed at 0° with separate 5 cm
long surface barrier position sensitive detectors located
on the Q3D focal plane. These two triton peaks could not be
peak-matched with our equipment because of the large difference
in the reaction Q-values. However, at this beam energy and
angle, the 42 Sc(g.s.) tritons could be peak-matched to
deuterons corresponding to the 5I>Co(g.s.)/ anc j t h e 54p e (g. s .)
tritons could be peak-matched to deuterons corresponding to
55
Co(2.454 MeV). When both doublets are peak-matched concurrently, uncertainties in the angle and beam energy
become negligible- Analysis of the Q-value doublet measurement is in progress.
The one missing link in the determination of the
difference in Q ec -values between the 4 2 Sc and 5 4 Co 3-decays
is the y-ray transition energy, 5 5 Co (2.454 MeV) -+ 5 5 Co(g.s.).
We are planning to measure this y~ray energy.
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2.9

The T

= 3/2 Series of Beta-Delayed Proton Precursors

E. Hagberg, J.C. Hardy, H. Schmeing, E.T.H. Clifford and
V.T. Koslowsky
The analysis of the proton-x-ray coincidence data
(PR-P-125: 2.19; AECL-6956 and PR-P-131: 2.6; AECL-7510)
on T z = 3/2 delayed proton precursors is now finished.
32
54
The first reaction investigated,
S on
Fe, produced a 37.8 ± 1.1 s proton-emitting activity, which could
unambiguously be assigned to %^Zr while a second activity
with a half-life of 6.0 ± 1.5 s was tentatively assigned
to 83zr m . A fit to the endpoint of the proton spectrum from
83
z r yielded a Q ec -Sp value of 2.75 ± 0.10 MeV which corresponds
to a mass excess for 8 3 Zr of -65.96 ± 0.10 MeV. Statisticalmodel calculations of the size of the proton branch feeding
the first excited state in 82g r agree with the experimental
results only for 8 3 Zr spin-parities of either (1/2, 3/2) + or
(1/2, 3/2, 5/2)".
Two proton precursors with half-lives of 13.3 ± 0.4s
and 3.5 ± 0.6 s were produced in the second reaction, 3 2 S on
58
N i . The 13.3 s activity could unambiguously be assigned
to 8 7 M O . Th^ proton endpoint energy of this activity was
3.7 + 0.3 MeV. Spins and parities of 8?Mo of (3/2, 5/2, 7/2) +
or 5/2~ give agreement between the predicted proton branch
to the first excited state in " Z r and the experimental data.
The 3.5 s activity could not be assigned to a specific nuclide.
The third reaction, 40Ca on 54Fe, produced a
7.6 ± 0.8 s proton emitting activity that was assigned to

Ru.

A paper on the decay of the three new T z = 3/2 proton
precursors has been completed.
2.10

Short Lifetimes Measured by Alpha-X-Ray Coincidences
J.C. Hardy and E. Hagberg
Lifetime measurements by PXCT (particle x-ray
coincidence technique) have been performed over the last few
years on a number of delayed proton emitters (see for example
PR-P-128: 2.16; AECL-7234). The technique has never been
attempted in 0-delayed a-decay, although such decays could
provide information on the lifetimes of excited states in
even-even nuclei, thus testing recent Fy calculations (see
PR-P-128: 2.17; AECL-7234) under different conditions.
PXCT measurements have been made on the decay of
Cs(tj, = 16s) at the ISOLDE isotope separator at CERN (in
collaboration with P. Hoff, B. Jonson, O. Klepper and
S. Mattsson). This nucleus decays to a-unstable states in
Xe
between 5.5 and 9.6 MeV, whose average lifetime is reflected in
the x-ray ratio measured in coincidence with alpha particles.
Analysis is in progress.
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2.11

Rotational Bands in

159

'160Er

0. Hausser, D. Horn and H.R. Andrews with P. Taras (Universite
de Montreal)
High spin states in the well-deformed nuclei
'
Er
were populated at an average angular momentum of ^ 35"^T using
the 130T£(34g,xn) reaction at an incident beam energy of 155
MeV. All Y-Y coincidence events involving at least one of two
Compton-suppressed Ge(Li) detectors (at e y = ±100°), and two
unshielded Ge(Li) detectozs were recorded on 70 magnetic tapes.
A total of ^ 10^ events are presently being analyzed at the
Cyber 175 computer. A preliminary playback indicates that in
both nuclei the yrast bands can be extended to higher spins,
and that new information on sidebands was also obtained.
2.12

The Decay of Tantalum Isotopes in the Vicinity of

Ta

U.J. Schrewe (University of Gottingen) with E. Kagberg,
H. Schmeing, J.C. Hardy, V.T. Koslowsky and K.S. Sharma
The analysis of data from an experiment aimed at
producing 1 6 3 T a (PR-P-130: 2.14; AECL-7408) has now been
completed. Bombardments of 1 27 I with 4 ^Ca were used in this
experiment. An a-emitting activity with a Q a value of
4.62 ± 0.03 MeV and a half-life of 12 s was observed. The
same half-life was also obtained from the decay curve of the
Hf x-ray peak, indicating that a tantalum isotope is the
origin of the a-activity. The measured excitation function
for this activity is in close agreement with that for producing the known nuclide 1 6 4 H f from the 127i(40ca,p2n) reaction.
The a-emitter must then also be produced in a 3-particle
evaporation reaction. It was assigned to the decay of the
previously unobserved 1E>4Ta, produced in the 12 7j (40ca,3n)
reaction.
Our primary aim, however, was to establish the adecay of ^^Ta since it provides the missing link in a chain
of known a-emitters. A re-examination of the data obtained
with the highest incident 4 0ca energies revealed a very weak
a-peak with a Q a value of 4.8 MeV. This activity was
tentatively assigned to !^ 3 Ta. A paper on the results from
this experiment is in preparation.
2.13

Search for High-K Isomers in the N = 95-98 Isotopes of Yb and Hf
0. Hausser, D. Horn and H.R. Andrews with P. Taras (Universite
de Montreal)
It is well known that two-quasiparticle (qp) states
may become yrast in the heavier rare earth nuclei such as
17°Hf(N=104). These prolate K-isomers disappear at smaller
neutron numbers because of an increase in the BCS neutron
pairing gap. Recently, Leander et al. (Physica Scripta 2_4
(1981) 164) have pointed out that many-qp states may become
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yrast again because of the weakening of pairing at high spin.
They predict that a K71" = 19+ six-qp, and, more likely, a
Klr = 28" eight-qp state might be yrast in 1 ° 6 Y b ( N = 9 6 ) .
We have searched for such high-K isomers in
Yb,
and in 167-170jjf, ^'he nuclei were populated at average spin
values of ^ 26'n'usmg the (18O,5n) and (18o,4n) reactions at
E = 86.5 MeV. The targets consisted of isotopically enriched
foils of 152,154sm and of 154,156cd. Backings of 3 mg/cm 2
thick Th and of 100 mg/cm thick Pb were chosen to stop the
recoils because of their high Coulomb barrier for the 3-&0
beam. Pulsed beams with repetition times varied between 0.8 ps
and 10 ms were used, and y-ray deexcitation cascades from
high-K isomers were searched for in the out-of-beam spectra.
No evidence for such cascades was found.
..

To increase the sensitivity for longer lifetimes,
Sm target was irradiated for several hours with a 92.5 MeV
beam. Subsequently, a yY coincidence setup was used to
enhance the sensitivity to the y~rays from a high-spin cascade.
Again no evidence for high-K isomers was found. We conclude
that high-K isomers in N=95-98 nuclei either do not exist, or
that their population in the (-^O/Xn) reaction is exceedingly
weak.
a

2.14

Crystal Blocking Lifetime Measurements for Fission
iq

from

IP!

F Bombardment of a Thin Crystal of

Ta

J.S. Forster with W.M. Gibson (SUNY, Albany), I.V. Mitchell
(Solid State Science Branch) and K. Reichelt (IFF, KFA Julich)
The crystal blocking lifptime data reported in
PR-P-131: 2.11; AECL-7510 have been analyzed in some detail.
Of the 48 discrete spots used on the crystal for fission
measurements, 23 were sampled by 40 MeV 1 9 F elastic
scattering. Crystal quality varied significantly (minimum
yield values ranged from 10% to 18%) . It was therefore
necessary to scale the 40 MeV 1 9 F elastic scattering blocking
patterns to generate zero lifetime blocking patterns for
fission at each point on the crystal surface position.
The extracted amount (x^) of long-lived prefissioning compound nuclei now shows a smooth energy dependence and
the second "bump" (PR-P-129: 2.10; AECL-7328) in X L h a s
disappeared. This earlier structure was undoubtedly a result
of crystal quality variation.
The dependence of the long-lived component upon
beam energy is well reproduced oy statistical model calculations, with the same barrie:.- heights, shell corrections,
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pairing corrections, etc. as used to reproduce the earlier
data for 1 6 0 bombardment of W (J.U. Andersen et al., K. Dan.
Vidensk. Selsk. Mat.-Fys. Medd. 40_ (1980) 7 ) . The only
change was the angular momentum dTstribution in the input
channel to compensate for the difference between fusion of
* 6 O + 1 8 4 W and "
181
2.15

K X-Rays from Long-Lived Compound Nuclei
J.U. Andersen (Aarhus University), E. Laegsgaard (Aarhus
University), J.S. Forster and I.V. Mitchell (Solid State
Science Branch)
Our attempts to detect K x-rays emitted from longlived compound nuclei formed in heavy-ion fusion reactions
have continued (see PR-P-130: 2.15; AECL-7408 and references
therein). A major problem has been the intense photon
continuum believed to arise from Compton scattering of high
energy Y-rays from reaction fission fragments. We have
returned one of our Ge x-ray detectors to the manufacturer
for modification, and had the diode rotated 90° into a sideviewing configuration between transmission windows. This
allowed us to place a Nal(T£) detector behind the Ge crystal
for anti-coincidence purposes. In this way, we expected to
remove some of the background caused by small angle gamma-ray
scattering in the Ge diode.
The x-ray detector was operated in coincidence with
the annular parallel-plate avalanche detector used in earlier
studies. Through improved electronics we achieved a time
resolution between the x-ray and avalanche counters of ^ 12 ns
FWHM, a factor of four better than in the previous experiments.
Measurements were made for 97 MeV l^O bombardment of W,
10 2 MeV l 6 O bombardment of Ta and 108 MeV 1 9 F bombardment of
W. The x-ray data in all cases still showed considerable
background and we now believe that it arises from Dopplerbroadened, low energy y rays emitted from fission fragments
decaying in flight. Fewer events were recorded than in the
earlier measurements because of the larger distance between
the avalanche counter and the target in this new experimental
setup. The intensity of background and the uncertainty in
its detailed shape make it impossible to derive a reliable
value for specific x-ray line intensities.
Since this technique is intrinsically capable of
giving information on the time development of heavy-ion
reactions we are still considering possibilities for improving
the experiment.
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2.16

Magnetic Moments of
Transient-Field and
0. Hausser and H.R.
Solid State Physics

Levels in
'
Tl: A Discrepancy between
p-Mesic-Atom Data
Andrews with M.A. Lone (Neutron & Solid
Branch) and P. Skensved (Queen's University)

In one of the early applications of transient
magnetic field measurements at CRNL, the g-factor of the first
excited state in 2n5TJl was determined to be g(3/2~) =0.01 + 0.08
(O. Hausser et al., Nucl. Phys. A314 (1979) 161). Since then
we have become aware of an earlier measurement of the
magnetic hyperfine splitting of transitions_in muonic 2 0 5 ^ .
The analysis of these results yielded g(3/2 ) =0.273+0.033
(Chen et al., Nucl. Phys. A181 (1972) 25). The discrepancy
between the two values seemed sufficiently large that we have
now reinvestigated g-factors in 203,205ip£ by the transient
field method. A change from ferromagnetic iron to gadolinium
foils has resulted in considerably smaller uncertainties.
A target of natural 1i was Coulomb excited with a
222 MeV 5 8 Ni beam. Recoils corresponding to backscattered 5 8 Ni
traversed 5.7 mg/cm^ of magnetized Gd (kept at 80 K) and stopped
in a copper backing. The transient field effect e o for the
5/2" -*• 3/2" and the 3/2" •+ 1/2" transitions, observed at
Qy = +50°, is shown in Table 2.16.1 together with the g-factors
deduced for the 5/2" and 3/2" states. We claim that the finite
values for c Q (3/2~ •+ 1/2") arise almost entirely from feeding
through the higher-lying 5/2" states.
The critical parameters entering into the analysis
were obtained from subsidiary experiments: these are the
relative population of 5/2" and 3/2" states, the branching
ratios for 5/2" -> 1/2" and 5/2" -*• 3/2" transitions, the slopes
of the angular distributions for the mixed 5/2" •+ 3/2" and
3/2" •+ 1/2" transitions, and the lifetimes of the 5/2" states
(from DSAM lineshapes at e^ = 0°). The error quoted for
g(3/2~) has six different origins, which are (in the order of
decreasing significance|: statistical, population, g-factor
and lifetime of the 5/2 states, inhomogeneity of the Gd foil
and the transient field calibration. We note that the present
results are in agreement with the previous transient field
experiment, and - in the case of g(3/2~, 2 0 3 T£) - with
an integral spin precession experiment using external fields.
We feel that a re-evaluation of the magnetic hyperfine
splitting in muonic 2 0 5 ^ would now seem appropriate.

Table 2.16.1
The q-Factors of the First and Second Excited States in

'

Nucleus

Transition
ij_ -+ if

Direct
Population
of Initial
State (mb)

205 ra

5/2" - 3/2"

27

9.3 ± 0.7

0.78 ± 0.08

0.89

+ 0.26 c)

-»• 1/2"

35

-3.7 ± 0.4

-0.05 ± 0.04

0.01

+ 0.08 c)

3/2

»*>)
previous

0.273 + 0.033

203r

5/2"^ 3/2"

30

7.8 ± 1.0

0.64 + 0.09

1.03

3/2" - 1/2"

32

-5.1 ± 0.5

0.05 + 0.06

-0.01

± 0.43

d)

c)

+ 0.11 c)

0.107 + 0.033

Method
transient
field
transient
field
muonic
atoms

transient
field
transient
field
external
field

j,yield effect at e^ = +50°, renormalized for an idealized point detector.
assumes that the transient field can be expressed by B(v) = aZ v/v Q exp (-0 .135 v/vo) ,
with a = 29.0 ±1.5 T.
Uncertainty in the cr-factor includes several sources of error.
^ Hausser et al., Nucl. Phys. A314 (1979) 161.
° Chen et al., Nucl. Phys. A181 (1972) 25.
;
Karlsson et al., Nucl. Phys. 61 (1965) 582.

Is)
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2.17

207
P b : A Transient Field Calibration Standard for High
Recoil Velocities
0. Hausser, H.R. Andrews, D. Horn and M.A. Lone (Neutron &
Solid State Physics Branch) with P. Skensved (Queen's University) and P. Taras (Universite de Montreal)
Transient magnetic fields (Bt r ) acting on heavy nuc
lei recoiling through ferromagnetic foils are not known at
high recoil velocities (v > 6 v o ) , mainly because a reliable gfactor standard has so far not been found. Deformed odd-A
nuclei such as 1 6 9 T m (Z = 69), which have been used for
measurements of B t r at velocities v < 5 v o , are no longer
suitable since high-spin states with unknown g-factors are
excited.
We are now investigating the 5/2 , 570 keV first
excited state in ZOlpfc a s a n e w g-factor standard. Prom the
weighted average of three previous measurements of the i n tegral spin precession angle in an external field, and
adopting a half-life of 129 + 3 p s , w e calculate g(5/2~) =
0.303 ± 0.017. Although Coulomb excitation cross sections
for this level are small, the population of an interfering,
higher-lying 7 / 2 + state remains below 1 0 % of the population
of the 5/2" level, even for the heaviest beams with energies
near the Coulomb barrier.
C Q

Using a 222 MeV °Ni beam from the MP tandem
accelerator, we have produced excited ^O'Pb recoils which
traversed a 5.1 m g / c m 2 thick foil of magnetized Gd at 80 K.
The transient field effect for the 5 / 2 " -*• 1/2" transition w a s
measured with pairs of 12.7 cm diam. by 15.2 cm long NaI(T£)
and of large-volume Ge(Li) detectors.
For the
velocity range 2.34 v_ <_ v <_ 4.9 7 v , and adopting the ansatz
B t r ( v ) = a Z v / v o exp(-0.135 v / v o ) , we rind a(Pb) = 26.0 ± 2.5 T,
in good agreement with the value a(Tm) = 29.0 ± 1.5 T obtained
with 1 6 9 T m recoils (0. Hausser et a l . , to be p u b l i s h e d ) . We
plan to calibrate B t r for velocities up to 10 v o using the
600 MeV 1 3 6 X e beam from the Berkeley SuperHILAC.
2.18

Lifetimes and g-Factors in N = 1 2 8 Isotones
D. Horn, O. Hausser and M.A. Lone (Neutron & Solid State
Physics Branch)
Analysis of g-factor measurements in the N = 128
isotones, 2 1 4 R n and 2 l 6 R a ( P R - P - 1 3 2 : 2.18; A E C L - 7 6 0 5 ) , is now
complete. Of four low energy dipole transitions reported in
a previous study of 2 1 6 R 3 ( T . K . Lonnroth et a l . , Univ.
Jyvaskyla Preprint JYFL RR 1 3 / 8 1 ) , only o n e , E = 111 keV,
was observed out of beam in -.the present work. The delayed
intensities of all dipole transitions feeding the J77 = 14 +
state in 2 1 6 R a are consistent with electric character, though
the conversion coefficients for a 555-keV dipole transition
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are too small for the present intensity data to exclude the
Ml possibility. As a result, the parities of all 2 1 6 R a
levels above the J77 = 1 4 + level are uncertain. Half-lives
and g-factors (corrected for the paramagnetic effect and the
Knight shift) obtained for 2 1 4 R n and 2 1 ° R a are summarized
in Table 2.18.1, along with possible shell model configurations
and their expected g-factors calculated in the weak coupling
scheme from known single particle values of neighbouring
nuclei.

Table 2.18 .1
Summary of Half-Lives and g-Factors
Nucleus
214

Tij(ns)

g(exp)

Possible
Configurations

g (calc)

v(g9/22)8+

-0.29

Tr(h9/22)8+

+0.90

< i ll/2 2 ) 10+

+0.13

Rn
8

+

8.2(10)

+0.4 (1)

19(6)

+0.22(10)

v

10 +

V [an /ii-i ^

76(15)

+0.41(1)

/T

),_ +

TT(h 9/2 2 ) 8 +av (g 9 / 2 2 ) 8 +
'
'
")-.«+

Ra

14

6.3

(3)

+0.46(2)

2l(~) 7.9 (3)

+0.59(4)

T: (f? / 2 2 )6 + S v (g 9 / 2 2 )8 +
TT (h9/ 2 ii3/ 2 )ir®v(i 11/2 2 )1Q+

-0.06
+0.30
+0.65

+0.49
+0.63

The beam energy was not optimized for study of the
J77 = 8 and 1 0 + levels in 2 1 4 R n . Their measured g-factors are
therefore notably uncertain due to the presence of multiple
feeding through several higher-lying isoraers. The measurements are nevertheless sufficient to show that a mixture of
proton and neutron configurations must contribute to the
J77 = 8 + levels, while the J77 = 10+ level is primarily a neutron
state. As might be expected, the J77 = 16 (+ > isomer can then
be considered mainly as an alignment of the proton and
neutron components of the J77 = 8 + level.
In
Ra, the measured g-factor of the J77 = 1 4 + level
is in agreement ,/ith that of the suggested configuration. By
way of contrast, a pure proton configuration for the J77 = 14+
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level measured in the N=126 nucleus,
Ra, has g = 1.02.
Finally, the uppermost isomer observed in 216Ra is thought
to be a JTr = 2l(~) level. If this were an aligned coupling of
the ("9/2113/2)11" proton state to the (iii/?)lO+ neutron
state, the calculated g-factor would be g = 0.6 3 in good
agreement with the measured value g = '0.59 ± 0.04.
2.19

The g-Factors of Spins I = 6-10*n* in 2 3 2 T h and 2 3 8 U
O. Hausser, H.R. Andrews and M.A. Lone (Neutron and Solid State
Physics Branch) with P. Skensved (Queen's University)
The present transient field (TF) experiment, the
first in the actinides to make use of thin, ferromagnetic Gd
foils, was undertaken with two purposes in mind: a) at low
rotational frequencies the g-factors are expected to be
within ^ 15% of the zero'th order estimate for strongly deformed nuclei, i.e. gpv = Z/A; they may then serve as a rough
calibration standard for the TF at large values of Z-cecoil;
b) in the recent experiment using thick Gd (0. Hausser et al.,
Phys. Rev. Lett. 4_8 (1982) 383) some indication was found that
at neutron number N = 1 3 2 , partial neutron alignment may occur
at intermediate spins (I= 10-14 n ) .
rp

The present experiment made use of 2 30 MeV
Ni beams
to probe g-factors in the low-spin range (I = 6-10 h) . The
TF effects, eQ, for various transitions are shown in Table
2.19.1. The velocity ranges relevant for the TF were
?,?
2.66 Vg < v < 4.77 v o and 2.51 v o < v < 4.63 v o for the
Th
and 2 38u recoils, respectively. The results were analyzed
assuming constant g-factors and B = aZv/vo exp(-0.135 v/v o )
for the TF, where a=29.0 + 1.5 T was adopted from previous
data obtained with l 69 Tm (2 = 69) recoils (0. Hausser et al.,
to be published). The average g-factors for the spin range
I = 6-10iiare then: g( 2 3 2 Th) = 0.358 ± 0.028, and g(238u) =
0.414 + 0.029, quite close to the collective value g R = Z/A =0.39,
These results, taken together with the TF calibration in 2 0 7 P b
(see PR-P-132: 2.17; AECL-7605), make it appear likely that
deviations from the linear dependence of the TF on Z r e c o ii are
small (<15rj.) between Z = 69 and Z = 9 2 .
The ratio of g-factors, g( 2 3 2 Th)/g( 2 3 8 U) =0.85 ± 0.06,
indicates that in the spin range I=6-14"n partial neutron
alignment occurs at neutron number N = 132, but not at N = 136.
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Table 2 -19 .1
Transient ]Field Effects in

Nucleus
232

Th

Transition
1O + -* 8 +
8 + -* 6 +
6 + -• 4 +
4 + -• 2 +

238

U

1 2 + -•
10

8

+

+
+

10+

•<i- 8

H-

+

6+
+

6 -• 4
4 + ,- 2+
a

'o<«>

f

232

Th

, 238
U
and

a)
Calculated

-3 .99 + 0. 57

-4. 52

0. 26

-4. 77

-5 .13
0. 24
±
.59
0. 57
-4

-5. 11
-5. 49

-5 .90 ± 0. 79
-5 .51 + 0. 33
-5 .96 ± 0. 22
-6 .19 ± 0. 23

-5 .28
-5 .56

-5 .05
+

-5 .18 ± 0. 99

-5 .58
-6 .23
-6 .55

'TF yield effect observed at Qy = ±63° and renormalized for an idealized point detector.
assumes constant g-factors and TF-expression as
given in the text.

2.20

Radiocarbon Dating with the MP Tandem Accelerator
H.R. Andrews, G.C. Ball, J.C.D. Milton with N. Burn and
Y. Imahori (NRX Reactor Branch) and R.M. Brown and W.J. Workman
(Environmental Research Branch)
A seven day run was completed in March. There were
three loadings of samples including six from the National
Museum of Canada, nine samples derived from three additional
antarctic meteorites (from E.F. Fireman of the Smithsonian
Astrophysical Observatory, Cambridge, MA) and four ground
water samples. (For more details of samples see PR-HS-10:
3.3.5.1).
The accelerator performance was not as stable as in
some previous runs with variations in the 14c/ 12 C ratio of
the oxalic acid standard. Toward the end of the run it was
discovered that the high energy X-steerers were poorly adjusted, being very marginal for the 1 2 C beam but quite good
for 14c transmission. Fortunately, our procedure of making
several measurements of each sample, bracketed by measurements
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of the standard, reduced the effects of this instability to
an acceptable level. For example, preliminary analysis of the
seven samples of the third loading show average statistical
errors (corrected for the chi-square for the averages of
repeated measurements) of 4.5% ranging from 2% to 6.8%.
It is planned to continue with the radiocarbon dating
program after the tandem beam reversal in preparation for
the TASCC project.
2. i. 1

Computer Simulation of the Tritium Beta-Spectrum Shape Near
the End Point
R.L. Graham
The estimate of the electron anti-neutrino rest mass
of 14 to 46 eV reported by Lubimov et al. (Phys. Lett. 94B
(1980) 266) was deduced from their data by detailed leastsquares fitting procedures. These data on the shape of the
tritium beta spectrum were obtained over a period of several
years at a resolution setting of FWHM = 45 eV. In view of
the significance of this result, an independent analysis of
their data has been carried out.
A computer program has been developed to simulate
the shape of the tritium beta spectrum near the end point.
The input assumptions are: a) neutrino rest mass, b) the
fraction of events in which the ^HB atom is left in an excited
state at about 43 eV, c) beta-spectrometer transmission and
resolution setting and d) the response function for monoenergetic electrons originating in the tritium source layer.
Using the parameters cited by Lubimov et al. (loc. cit.), the
data in their paper is found to be consistent with a non-zero
neutrino rest mass of about 30 eV assuming that the He atom
is excited in 30% of the decays.
The degree of final He atomic-state excitation
(43 eV) has been calculated to be W = 30% for free tritium atoms
(K.-E. Bergkvist, Nucl. Phys. B39 (1972) 317). The value of W
for chemically bound tritium atoms is more difficult to
calculate and may differ from 30%. Computer model predictions
under varying assumptions suggest that measurements at better
resolution, e.g. FWHM= 18 eV, would permit data analysis for
both W and rest-mass in a visually convincing manner, given
good statistics.

2.22

Preliminary Evaluation of Some Preparation Techniques for the
Proposed Neutrino Mass Determination
H.R. Andrews and J.L. Gallant with H.H. Plattner and
I.V. Mitchell (Solid State Science Branch)
In order to evaluate potential methods for source
preparation for the tritium end-point experiment (see PR-P-133:
2.2; AECL-7683) six types of deuterated samples were prepared
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Table 2.22.1
Representative yields of protons from

2 3
4
H( He,p) He

normalized to constant charge and nominal thicknesses of 1 pg-cm

Method

Nominal Thickness
(ijg.cm"2)

Average
Relative
Proton Yield
per Mg-cm~2

1.2, 2.4

27

DC cracking

4.0, 5.0, 6.2

49

RF cracking

2.5, 5, 10

34

DC cracking

Vacuum Subl.
of ( C 2 H 2 ) n
Evaporation of
( C 2 H 2 ) n in Xylene
Sublimation of
Ti in 2 H 2

Sublimation of
Er in 2H->

1, 2, 3.5, 5.0
6.0

-2

•v. 1 5 0 a )

^ 100

1.5

10

3.0

48

5.0

0

2

0
219
5

a)

these samples suffered radiation damage and the
yield of protons dropped by about a factor of two
following repeated bombardment of the same spot.

and analyzed for deuterium content by the H( He,p) He
reaction with a 700 keV 3ue beam from the Solid State Science
Branch Van de Graaff accelerator.
The follcving methods were
used:
1)
2)
3)
4)
5)
6)

DC cracking of deuterated acetylene
RF cracking of deuterated acetylene
Vacuum sublimation of deuterated polyethylene
Evaporation of a solution of deuterated polyethylene
dissolved in xylene.
Evaporation of Ti in a deuterium atmosphere
Evaporation of Er in a deuterium atmosphere
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With each technique several sample thicknesses were
prepared covering a range from 1-2 \ig.cm~2 to ^ 10 yg cm~2.
The yield of protons was normalized to the charge intercepted
by a paddle upstream of the target chamber that periodically
intercepted the beam. Typical beam currents were about 1-2 nA.
In this first attempt only relative yields were measured for
the various samples in a constant geometry. Average results
are summarized in Table 2.22.1 where we give the yield of
protons per yg-cm~2 o f nominal thickness normalized to the
same incident charge.
The results in some cases were extremely variable this is particularly true for the Ti and Er targets that showed
a good yield from some samples and nothing from others.
Further work with thicker samples will be needed to determine
the optimum conditions for deuteride or tritide formation.
The gas discharge technique is convenient in that
tritiated acetylene can be produced by reaction of BaC2 with
tritiated water. The disadvantages are the likelihood of
implantation of the tritium into the substrate and the unknown
binding of the tritium in the cracked carbon layer. At
present the most promising approach appears to be the sublimation of tritiated polyethylene providing material of
sufficiently high specific activity can be obtained.
2.23

Crystal Preparation for Beam Bending Experiments at Fermilab
J.S. Forster, I.V. Mitchell (Solid State Science Branch),
R.E. Toone (Neutron and Solid State Physics Branch),
M.H. Rainville (Solid State Science Branch) and J.E. Winegar
(Metallurgical Engineering Branch)
The experimental study of the steerinc of high energy
beams in bent single crystals (PR-P-133: 2.3; AECL-7683) will'
continue in April 1982. So far, only crystals of Si have been
used. Calculations (J.A. Ellison and S.T. Picraux, Phys. Lett.
8 3A (1981) 271) indicate that a higher fraction of beam particles
remains channeled if crystals of a higher atomic number are
used, for a given beam energy and radius of curvature. We
have now prepared several specimens of higher Z material. A
tungsten crystal rod, 6 mm in diameter and 4 9 mm long, was
spark-planed to give a crystal slab 0.75 mm thick, 6 mm wide
and 49 mm long, oriented with a {100} plane parallel (±1°) to
the slab face, the orientation of the plane was checked by
x-ray diffraction.
Five Ge crystals, of detector-grade germanium, were
also fabricated for beam bending purposes. The crystals vary
in length from 40 to 50 mm and in thicknesses between 0.7 and
1 mm; all are 12 mm wide. They have been oriented with a {110}
plane running along their length as determined by x-ray
diffraction.
We plan to test some of these crystals at Fermilab
in Aoril 1982.
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2.24

Experimental Equipment for the Fermilab Beam Bending Equipment
J.S. Forster, M.G. Steer, F.J. Sharp and I.V. Mitchell (Solid
State Science Branch)
Several pieces of apparatus were developed at CRNL
for use in the beam bending experiments at Fermilab.
A remotely controlled goniometer, owned by Solid
State Science Branch, has been modified by replacing the gear
heads on the e x and e v stepping motors to enable angular steps
of 1/2000°. The original mechanical readout of the stepping
motor position was replaced by an electronic one. It indicates
the number of steps moved by the goniometer about reference
positions defined by limit switches mounted on the goniometer
for each of the three angular movements (6 X , e v , 0).
A vacuum chamber was constructed with provision for
mounting the goniometer inside and with a pumping system capable of producing a chamber vacuum of ^ 1.3 x 10~4 p a (io~6 Torr.).
Entrance and exit windows of thin aluminized mylar provide for
passage of the beam through the chamber with negligible
multiple scattering. A 15 cm x 15 cm x 0.625 cm thick scintillator with a 1.25 mm wide by 5 mm high slot in it was mounted
in a moveable jig in front of the entrance window. The
scintillator could be moved over distances of 2.5 cm in the
vertical and horizontal directions to allow alignment of the
slot in the scintillator with the bending crystal. This
scintillator is operated in anticoincidence with other
scintillators along the beam path to define the usable portion
of the beam.
The equipment was transported to Fermilab; it
operated well during the first running period (see PR-P-133:
2.3; AECL-7683).

2.25

Properties of Avalanche Counters with Gridded Electrodes
0. Hausser, R.L. Brown and N.C. Bray
The observation of low-energy (^0.1 MeV/A) heavy
ions in parallel-plate avalanche detectors (PPAD's) requires
that one of the electrodes be replaced by a transparent grid
to avoid excessive energy loss. The properties of such a
detector were tested with a 252cf source emitting fission
fragments that traversed an entrance window, a gridded cathode,
an aluminized mylar anode, and then stopped in a surface
barrier detector (SBD). We have varied the cathode-anode
spacing, the pressure of isobutane gas, and the separate
voltages applied to window, grid and anode. It was found that
the negative current pulse at the anode could be considerably shortened when the grid was biassed at least to -80 V
relative to the entrance window. The pulse narrowing is
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apparently caused by the fact that electrons created by
collisions in the space between window and grid can no longer
drift into the PPAD volume and contribute to the avalanche
current at a later time. With the new bias configuration we
observed improvements in the PPAD time resolution (limited to
r
» 400 ps by the SBD) and in the voltage attainable across
the PPAD electrodes. Reliable operation without breakdown
was obtained with a large-area annular PPAD which counted
low-energy ^^Ni particles from an MP tandem experiment for
several days.
2.26

MP Tandem Operation
J.C.D. Milton
The tandem availability was excellent during the
quarter, marginally below the best since operation above 10 MV
began in 19 72. The unscheduled shutdown was the lowest ever.
Most of the scheduled shutdown was routine maintenance,
although some time was used for upgrading prior to turn around
as described in the previous progress report PR-P-132: 2.20;
AECL-7605. The new column resistors have not behaved as well
as expected and minor problems still exist with the light
oipe coinraunication system.
During the quarter 10 experiments were performed,
including one of 16 days duration, involving CRNL and 14
visitiig scientists. The visitors participated in experiments
occupying 89% of the time and in which they contributed 48%
of the effort.
Table 2.26.1
MP Tandem Availability

1 January - 31 March
Hours

Beam Available
Scheduled Shutdown
Unscheduled Shutdown

2.27

%

1589
452
47

76. 1
21. 7
2. 2

2088

100.0

Ion Source Development for the On-Line Isotope Separator
H. Schmeing, J.S. Wills, D.N. standish and J.c. Hardy
Various components of the He-jet source were tested
independently and subsequently the full source was assembled
at the test stand for the first time and heated to normal
operating temperatures. With both filaments and both electron
bombardment systems in operation, a body temperature of up to
1800°C can be achieved easily and sustained for 24 hours
without damage to any components. The test stand does not
allow the extraction of a beam since it is neither equipped
with an extraction system nor with a source magnet.
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The source was then transferred to the separator
together with all additional power supplies required. These
supplies are fed by a newly installed, temporary 10 kW
isolation transformer. At the separator, the source reached
substantially higher temperatures than at the test stand at
the same input power, due to heat reflection from the extraction electrodes. The overheating caused a misalignment, which
in turn prevented us from extracting a beam. Minor modifications are being implemented in preparation for further tests.
The helium pumping system has been installed and
tested thoroughly. The system consists of two Leybold Roots
blowers in series (one WS2000 and one RG350) and a one-stage
forepump (E250). The measured pumping speed agrees to better
than 10% with the design characteristics; between 0.13 Pa
(1 mTorr) and 133 Pa (1 Torr) the pumping speed is almost
constant, 472 + 43 cm 3 /s (1100 ± 100 c.f.m.). For a typical
helium flow of 30 std cm^/s through a skimmer-capillary this
pumping speed would lead to a pressure of 5.3 Pa (40 mTorr)
at the spark arresting grids, well below the minimum of the
Paschen breakdown curves.
After testing the source, it will be interconnected
with the pumping system located downstream and the target
assembly upstream. The target assembly is nearing completion
in the machine shop.
2.28

Isotope Separator Stability
K.S. Sharma, H. Schmeing, J.P.D. O'Dacre and W.L. Perry
The precision of mass measurements undertaken with
the CRNL on-line isotope separator depends critically on the
stable operation of a number of elements of the instrument,
notably the voltage dividers, the digital voltmeter used to
measure the accelerating potential applied to the ion-source,
and the current supply for the main magnet.
To test the stability of high voltage divider, a
stable source of high voltage is required. The power supply
used to provide the accelerating potential for the isotope
separator (here after referred to as the HVPS) is one such.
It's stability primarily depends on a) the reference voltage
power supply and b) the resistive divider used in the
regulation of the HVPS. Recently (PR-P-131: 2.20; AECL-7510)
the reference supply for the HVPS has been upgraded and has
a stability of better than 1 part in 10 6 . The stability of
the resistive divider has now been measured to be 7.5 parts
in 10 7 for periods of less than an hour.
The stabilities of two other resistive dividers
have been checked using the HVPS and a recently acquired

- 34 -

Fluke 335D Voltage Standard/Differential voltmeter. The first
of these, a divider fabricated at CRNL (the "Park divider"),
provided an output 3.0 V (for an input 30 kV) with slow
drifts of 7.5 parts in 10' over periods of ^ 1 h. Since
these drifts are almost identical to the drifts one would
expect in the HVPS one must conclude that the stability of
the Park divider is significantly better than this value.
While comprehensive tests of a Julie model HV-100 divider used
in the on-line mass measurements are not yet complete, a
preliminary stability estimate of 1 part in 10° has been
obtained.
The long-term ( > 12 h) stability of the Fluke
model 8502, 6h digit DVM has been measured to be 5 parts in
106.
Preliminary tests of the main magnet current supply
by monitoring the voltage across the shunt resistor
indicated a current stability of 1 aart in 10^ over a period
of several hours. However, subsequent tests using a D.C.
current transformer showed periodic excursions of 5 parts in
10^ with a period of 10 min. The source of these instabilities
was traced to a periodic fluctuation of the 19.4°C cooling
water temperature of ^ 3°C. Possible solutions to this
problem are being investigated.
From these measurements one would expect an
overall stability of the position of a mass spectral peak to
be approximately 8 parts in 10°. As a means of verifying
this, the system was used to repetitively scan a mass peak
30 times over a 15hperiod (as first reported in PR-P-130: 2.21;
AECL-7408). The average value of the centroidal voltaae for
this peak was 38307.12 V with a standard deviation of 0.50
V. This corresponds to a precision of 1.3 parts in 10-5.
While this is not in gross disagreement with our predictions
there is a strong suggestion that additional sources of
instability exist.
Investigations are underway to identify
these sources.
2.29

Isotope-Separator Operation
H. Schmeing, J.C. Hardy, W.L. Perry and J.S. Wills
The isotope separator was used for only 50% of the
total time available during this period due to the heavy
involvement of the usual users in non-ISOL accelerator
experiments and ion source development. For the first time
since the start up of the separator, no on-line run took place
in a 3 month period. Almost the entire six weeks during
which ISOL was in operation were devoted to tracking down
periodic instabilities. These occurred during two previous
on-line mass determinations but have become apparent only
recently with the evaluation of those runs.
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2.30

The Half-Life of 6 0 Co
A.R. Rutledge, L.V. Smith and J.S. Merritt
Our investigations of the half-life of
Co over
the past 18 years, using two different methods of measurement
(PR-P-128: 2.30; AECL-7254), yield a value of 1925.02 ± 0.47
days. This value is in good agreement with other recently
published precise measurements and we believe that the halflife is now well enough known that a 6 0 Co standard could be
relied on for up to 10 years. The uncertainty we quote is the
sum of 1) the systematic uncertainties combined in quadrature
and 2) the statistical uncertainties at the 68% confidence
level.
We investigated two additional computer programs
in order to test our method of calculating results. There
was excellent agreement among all three programs and we are
continuing to use the original one as it involves less computer
time.

2.31

We conclude that the 4TTY ionization chamber method
and the 4TT3-Y coincidence method give consistent results in
the determination of half-life values. However, the ionization chamber method is more straightforward and less laborious,
especially now with our automated sample changing device.
We would choose that method for future half-life determinations.
1 09
The Half-Life of x a Pd
A.R. Rutledge, R.H. Martin and L.V. Smith
The half-life of 10 9Pd was remeasured in order to
assure the purity of standards of this nuclide that were
prepared (see PR-P-133: 2.32; AECL-7683). The value obtained
was 13.409 ± 0.008 h, where the uncertainty is the external
error in the weighted mean value. This is in excellent
agreement with our previous determination of 13.402 ± 0.006 h
(AECL-6692).

2.32

109
Standardization of
Cd
J.S. Merritt, R.H. Martin and L.V. Smith
109
C
109 m
^ d e c a y s by electron capture to the 8 8-keV level
of
Ag , and is difficult to measure. It cannot be standardized directly by the 4TT (PC) -y coincidence method because
the half-life of l 0 9 Ag m is 40 s. On the other hand, l°9Pd
decays by &~ emission to the same 109Agm level, and can
be standardized by An$ counting. We produced l°9Pd by neutron
irradiation of 108pd in the NRU reactor and prepared standards
via 4 7T$ counting. Samples of l°9Cd were then counted by
Y-ray spectrometry versus these standards to obtain the
activity of 1 0 9 C d . The rather short half-life of 10 9pd
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(13.4 h) limited the amount of data that could be obtained
in any one run, and so an attempt was made to attain a
precision in the y-counting that was consistent with the
accuracy of the lO^p^ standardization. In separate runs two
y-ray detectors were used, one a large true coaxial Ge(Li)
and the other a high purity Ge detector with a thin Be window.
For this work, the low efficiency of the Ge(Li) for the
22-keV x rays (from the EC decay and from internal conversion
of the 88-keV transition) was an advantage, as the countingrate-dependent effects were less serious than for the Ge
detector. However,the better resolution of the Ge detector
was a distinct advantage. Our final value for the activity
of lO^cd is the weighted mean value of all data obtained.
The resulting standard of lO^cd has been submitted to the
Bureau International des Poids et Mesures (EIPM) for
registration in their international reference system (SIR).
The uncertainty was evaluated in accord with the preferred
method for SIR, which, it has been suggested (Nucl. Instr. &
Meth. 163, 241, 1979), is comparable to the standard deviation.
This uncertainty was ±1.3%.

2.3 3

Standards Issued
J.S. Merritt, L.V. Smith, R.H. Martin and A.R. Rutledge
Na

-

Electronics Branch

Cr
Ge
109
Cd
I

-

Electronics Branch
Electronics Branch and Commercial Products

-

Ba

-

Electronics Branch
Institut de Recherche ae 1'Hydro Quebec
(3 special standards)
Institut de Recherche de 1'Hydro Quebec
(4 special standards)

1 Q O

2.3-3

Au - Electronics Branch
19 8
Au - Environmental Research Branch
22d
T h - Medical Research (2 standards)
Miscellaneous Services
R.H. Martin and J.S. Merritt
Three counter windows of approximately 5 cm in
diameter were made by laminating layers of thin VYNS plastic
films for the Neutron and Solid State Physics Branch. In
addition, assistance was given to another section of this
branch to investigate the feasibility of using this technique
for the production of large-area counter windows to be used
in a separate program.
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2.35

Target Preparation Laboratory
J.L. Gallant and P. Dmytrenko
Routine targets were prepared for use in MP tandem
experiments. Cones of 34g, 24^g and 65c u were prepared for
the Universal negative ion source.
a) Development of new techniques: To prepare isotopically
enriched targets of sulfur, stoichiometric amounts of 3 4 S are
mixed with finely divided aluminum turnings in a carbon
crucible. By introducing a carbon rod into the mixture and
striking an arc between the rod and the crucible, aluminum
sulfide is formed. The sulfide is then evaporated onto a
substrate.
b) Preparation of test sources for the proposed neutrino
mass determination; Several test sources were prepared for
evaluation as described in PR-P-133: 2.22; AECL-7683.
c) Work done for other branches: A coil for the superconducting cyclotron was tested at high vacuum and temperature for
the Accelerator Physics Branch. Boron-10 targets were prepared for the Neutron and Solid State Physics Branch. Several
self-supporting gold foils and gold layers on silicon backings
were prepared for the Solid State Science Branch.
d) Work done for Universities: Thin titanium foils used as
gas-target windows were prepared for Queen's University. We
attempted to develop a method to prepare self-supporting
2 mg/cm 2 silicon films for the University of Toronto.

2•3 0

SCC Control System Operation
W.F. Slater, R.L. Graham and R.B. Walker
The PDP-11/34 computer-based control system has
functioned reliably during this quarter. Normal operation
was interrupted while testing for an intermittent fault in
the magnetic-tape controller; a new power-supply board failed
and the problem persists.
Following installation of a third crate on the
parallel highway to support the prototype SCC control console
(PR-P-132: 2.33; AECL-7605), difficulty was experienced with
the newly installed touch-panel unit. After extensive tests
the difficulty was finally traced to a hardware fault in the
newly installed BiRa type A2 crate controller. A replacement
BiRa A2 controller now functions normally.
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Use of the system to control and monitor r.f. and
cryogenic systems in building 467 has increased markedly over
the past several months. The control and monitor programs
are written in the MUMTI interpreter language (E. Busse et al.,
HMI-B338, October 1980) and frequently five MUMTI tasks vie
for memory space that, at best, is adequate for only two concurrent tasks. Thus there is much swapping of tasks to and
from the disk. This heavy usage of MUMTI has revealed a weakness not appreciated earlier when system demand was light.
The 'HOOK' command, used to run certain tasks at prescribed
time intervals, may wait up to three times longer than
requested, particularly when the system is busy. As presently
implemented, this command is inefficient and generates much
more system activity than is warranted; users are advised to
use the 'WAIT' command instead whenever possible.
2.3 7

SCC System Variables
W.F. Slater, R.L. Graham with N. Burn and Y. Imahori (NRX
Reactor Branch)
The control and monitoring of machine devices using
the VICKSI control software (L.D. Hansen et al., TASCC-01-03
(1981 December)) requires that each device (power supply, slit
unit, etc.) be assigned a set of system variables, as described
in TASCC-01-12 (1982 April).
As a first on-line test, the stripper-gas valve in
the terminal of the MP Tandem Accelerator (controlled by a
stepping motor) has been assigned three system variables
(control, status and position monitor). Access will be made
available by the touch panel and one of a pair of knobs
recently installed in the mini control console (PR-P-132:
2.33; AECL-7605). This will enable operators to obtain some
experience with a computer-controlled device before the tandem
is shut down in early May.
Another set of three system variables has been
generated for testing one of the new ici-cage power supplies;
it will not be accessed from the touch panel, but only via
MUMTI or FORTRAN programs.

2.38

Equipment Orders for the SCC Control System
R.L. Graham, R.B. Walker and W.F. Slater
The changes in status since our previous report
(PR-P-132: 2.31; AECL-7605) are as follows:
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I T E M

NO.REQUIRED

Two 11/44 Computers have
been ordered from DEC. Each
computer will have 512 kilobyte
memory, a 67 megabyte disk floating point hardware, a 9-track
magnetic tape drive and
provision f-or up to eight
terminals. A third 6 7 megabyte
disk drive will be accessed
by both computers.

Control ComDuter

2. 39

S T A T U S

SPO CAMAC modules
(Status in, Pulse
Output)

80

The order for 50 SPOs was
delivered in February, 4 9
have passed rigorous testing
and only one has to be
returned to the factory under warranty.

SMC CAMAC modules
(Stepping Motor
Controller)

75

40 (of the 75 ordered) were
delivered or March 31. Tests
are in progress.

IGOR CAMAC modules
(Input Gate, Output Register)

250

Pibre-optic U-port
adaptors

15

One prototype module has
been received. Tests are
in progress.
Two prototype units (out of
six ordered) have been
received for evaluation.
They fail to perform reliably
at the advertised rate of
5 Megabytes/second and have
been returned to the manufacturer for modifications.

Knob Modules and Controllers for the SCC
R.B. Walker
Three additional Y33 knob-control and displaydriver modules have been constructed, bringing the total
available to nine units; printed circuit boards are available
for two more. Six knob units have been built and parts are
available for five more, when completed there will be a
total of eleven knob-and-controller pairs.
When cash
flow permits additional knob plus controller units will be
purchased from commercial sources to bring the total to
eighteen.
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2.40

Universal Handshaking IGOR Interface Unit
R.B. Walker, R.L. Graham and R.E. Howard
A simplification of the design of this unit (PR-P132: 2.32; AECL-7605) has been tested using the prototype
printed circuit boards. Six pairs of boards, incorporating
the revised design, have been ordered.

2.41

Scanning ADC Test Procedure
G.F Syms, R.E. Howard, R.B. Walker and R.L. Graham
Rigorous tests of the new thirty-eight scanning ADC
modules have been carried out using the first ADC test module
and program (PR-P-131: 2.36; AECL-7510). Six were found to
malfunction. The fault in one was traced to a defective
diode, in the other five to a 'latch-up' state after power up.
This problem was not observed in any of the earlier modules
that have been in use for some time.
Construction of a. second ADC test module has
been started.

2.42

Cable Tester
F.J. Sharp
A portable, multiconductor-cable tester has been
built. The tester allows one person to test a cable, in situ,
for shorts, open and crossed wires, even when one cable end
is remotely located from the other. Cables several hundreds
of feet in length have been tested in less than twenty seconds;
a job that previously would have been tedious, if not difficult.

2.43

Vacuum-Section-Controller Diagnostic Tester
F.J. Sharp
In order to facilitate the trouble-shooting of the
Beam Vacuum Section Controller Unit for the beam vacuum
control system, a small semi-portable unit has been constructed.
It tests and locates faults in the controller's circuitry.
A combination of twenty LED indicators, sixteen test switches
and a specially programmed read-only memory, exercises all
the logic functions of the controller. The software instigates
a simple I/O sequence in the controller and then uses this
logic as a building block for more comprehensive testing. As
each portion of the controller is successfully tested, it is
used to aid in the testing of more complex portions of the
controller. Consequently, the test sequence bootstraps itself
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to completion. If a fault is detected, during the diagnostic
test, the test unit recycles the diagnostic routine around
the faulty logic. Visual inspection of the LED indicators
and test switches pin-point the location of the fault.
2.44

Beam Diagnostics Electronics for TASCC
F.J. Sharp
a) Multiplexer: Two Burr-Brown micro-processor systems have
been purchased and delivered from Webster Instruments, Ottawa.
These two micro-processor systems will be used to control the
selection and operation of various beam diagnostic devices in
the SCC beam transport system. The Device Cable Distribution
Unit for the beam profile monitor system has been built and the
Relay Sequence Control Unit for the same system is partially
assembled. A diagnostic program to exercise the Relay Sequence
Control Unit has been written. This program should aid in
the trouble-shooting of relay faults that may occur in this
unit.
b) Signal Distribution Unit: This unit interfaces and buffers
all cables and signals used or generated by the Beam Diagnostics
and Vacuum Control Systems. The blueprints and the art work
for the printed circuit boards have been completed. Twenty
of these units are now in the process of being constructed
for the SCC Beam Diagnostic System.

2.45

Forced-Air Cooling Unit
F.J. Sharp
A low-profile, rack-mounted forced air cooling unit
has been built. A further 35 of these units are being made
for the cooling of the bean-line vacuum and diagnostic
electronic systems.

2.46

Tandem Electronics for TASCC
J.P.D. O'Dacre, E.C. Waito and M.J. Shea
The prototype fibre-optic/CAMAC interface module
has been partially completed (the 16-bit digital-to-analogue
converters are due to be delivered shortly). The 7^-digit
digital voltmeter for testing the modules containing these
devices arrived recently and has been checked out. A General
Purpose Interface Bus (GPIB)/CAMAC interface module has been
on order for implementation of a computer-based test unit for
rapid checking of modules.
The precision current transformer for the inflection
magnet power supply has arrived and was tested. It is satisfactory and only minor adaptions are necessary to incorporate
it into the present power supply design.
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2.47

Radiation Detection and Alarm System for TASCC
J.P.D. O'Dacre, E.C. Waito and M.J. Shea
The prototype audio generator and alarm trip point
modules for the radiation alarm unit have been completed and
tested. The design has been frozen and all the required
printed circuit boards for these modules have been ordered.

2.48

Progress on the Injection Beam Line for TASCC
W.G. Davies, H.R. Andrews, A.S.C. Hyde, A.R. Rutledge,
K.J. Brown (Design and Technical Services Branch) and G.C. Ball
The magnet order from Scanditronix is on schedule.
The dipoles BI1 and B12 are complete and preliminary results
for the field mapping of BI-1 look excellent. It should be
ready for shipping by mid-April. BI3 and BI4 are machined
and their coils are wound but not potted; BI-5, -6 and BE1
are being machined and their coils are being wound.
All of the 16 type LI quadrupoles are assembled
and one has been mapped. Most of the ten L2 type are also
assembled. The types L3-L7 are in various stages of construction. They should all be completed within a month.
The dipole supplies are mostly assembled and one has
been in operation for more than a month. The quadrupole
supplies should be completed by the end of May.
The beam line support cabinets to BEl and BI4 are
presently off the project for stress relief treatment. The
drawings have been issued for the manufacture of cabinets
from BI4 toBI5. The dipole support design has been completed
so that pouring for BI1 and BEl supports can be done in April.

2.49

Progress on the BTS Vacuum System for TASCC
H.R. Andrews, F.J. Sharp, A.S.C. Hyde, J.J. Hill, P.J. Jones,
T.K. Alexander and J.P.D. O'Dacre
Much of the hardware including all the valves,
pumps and pressure gauges has been received. A prototype
vacuum section has been assembled in Bldg. 114 to study the
mechanical layout and to test components and the vacuum
control system. It has now achieved a pressure of 6.7x10
Pa
(5 x 10~ 7 Torr ) with one pump and components representative
of most elements of the vacuum system.
The prototype amplifier /set-point/ fan-in module
is under test. The first deliveries have been made for
evaluation of device controllers and section controllers that
have been fabricated off-site.

- 43 -

The interconnections between the beam diagnostic,
vacuum control, and safety systems have been defined and an
interface unit has been designed. The local actuator boxes
for valves and Faraday cups are designed and prototypes have
been built. The high voltage fan-outs for ion pump control
are in the last design stages.
Cabinet spaces under the beam lines have been
allocated to various systems and preliminary estimates of
cable lengths have been made.
2.50

Progress on the BTS Diagnostics for TASCC
T.K. Alexander, J.S. Geiger, N.C. Bray, A.S.C. Hyde, P.J. Jones,
J.J. Hill, J.S. Forster, D. Horn and K.J. Brown (Design and
Technical Services Branch)
The shipments of Faraday cups and beam profile
monitors purchased from a commercial supplier have been
received in good condition. Tests on the units have begun.
A purchase order has been placed for devices to
measure beam-pulse widths in the injection line between the
tandem and the cyclotron.
The vacuum system housings for the beam profile
monitors and an interlock system for the slit and Faraday cup
water cooling lines have been designed.

2.51

Motor Driven Four-Way Adjustable Slit Assemblies
N.C. Bray, T.K. Alexander with N. Burn and Y. Imahori (NRX
Reactor Branch)
The work order for the machining of components for
all Phase I assemblies for the TASCC project has been completed
satisfactorily. Assembly of the units has begun and all the
welded joints have been completed and leak tested.
The prototype slit system was tested with a 10 pA
beam of 10 MeV protons. All the beam (100 watts) was steered
onto one edge for a period of about half an hour. The
temperature rise in the cooling water indicated that most
( > 90%) of the power was transferred to the water. No
significant change in the vacuum level was observed. After
the test, the unit was removed from the tandem beam line
for visual inspection and no deterioration was found.
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2.5 2

1.75 m Vacuum Chamber
D. Horn and M.G. Steer
Since the problems associated with the detection of
heavy ions at 10-50 MeV/A require counters substantially
larger than those used in low-energy nuclear physics, our
existing scattering chambers will prove too small for most
applications. Accordingly, a 1.75 m diameter vacuum chamber
has been designed as a test vessel for the development of
large area heavy-ion counters and for use as a scattering
chamber at the interim target location. The proposed chamber
is a steel cylinder, 0.75 m high, with a fixed base plate
supporting pumps, target assembly, and collimation slits.
The top plate and sides may be removed as a unit, leaving a
flat working surface, or the top alone may be removed. Large
area detectors will be carried by motor driven trolleys riding
on a track at a fixed radius, while smaller detectors may be
moved manually, both in radius and in angle, on a rotatable
ring set into the base plate. Modular, insulated, feedthrough
panels in the base will provide flexibility for meeting changing requirements for power, high voltage, signal, and gas
flow inputs and outputs. A vacuum lock is being designed to
permit loading of targets without disrupting the chamber high
vacuum. This would avoid the time consuming and potentially
detrimental cycling of sensitive gas-filled detectors. The
chamber will rest on the stand presently supporting the "ORANGE"
spectrometer.

2.53

Parity Violation in the Photodisintegration of Deuterium
A.B. McDonald and J.J. Hill et al.
See PR-P-133: 3.21

2.54

Neutron Howitzer
A.B. McDonald et al.
See PR-P-133: 3.24

2.55

Laser Magnetic Resonance
J.S. Geiger et al.
See PR-CMa-60: 3.3.2

2.56

Accelerator Measurements of
C
H.R. Andrews, G.C. Ball, J.C.D. Milton et al.
See PR-HS-10: 3.3.5.1
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2.57

Publications, Reports and Lectures
a)

Publications

TOWARDS A RELIABLE METHOD FOR CALCULATING AVERAGE RADIATION
WIDTHS IN EXOTIC NUCLEI
J.C. Hardy
Physics Letters 109B (1982) 242
CONTRIBUTION FROM CLOSE AND DISTANT COLLISIONS TO K-SKELL
EXCITATION IN Ge MEASURED USING THE CHANNELING TECHNIQUE
FOR RELATIVISTIC PROTONS, ir+, AND 7T~
J.F. Bak, G. Melchart, E. Uggerhjzfj , J.S. Forster, P.R. Jensen,
H. MadsbjzSll, S.P. Miller, G. Petersen, H.E. Schijrftt, R. Regall
and P. Siffert
Physical Review 25A (1982) 1334
RADIOCARBON DATING WITH THE CHALK RIVER MP TANDEM ACCELERATOR
G.C. Ball, H.R. Andrews, R.M. Brown, N. Burn, W.G. Davies,
Y. Imahori and J.C.D. Milton
Conference Proceedings of the Argonne Symposium on Accelerator
Mass Spectrometry, 1981 May 11, 12 & 13.
ANL/PHY-81-1, pg.34
RADIOCARBON MEASUREMENT WITH THE CHALK RIVER MP TANDEM
ACCELERATOR
R.M. Brown, H.R. Andrews, G.C. Ball, N. Burn, W.G. Davies,
Y. Imahori and J.C.D. Milton
Methods of Low-Level Counting and Spectrometry
IAEA-SM-252/61 pg.431
OBSERVATION OF THE CAPTURE REACTION 2 H(a,y) 6 Li AND ITS ROLE
IN PRODUCTION OF 6 Li IN THE BIG BANG
R.G.H. Robertson, P. Dyer, R.E. Warner, R.C. Melin, T.J. Bowles,
A.B. McDonald, G.C. Ball, W.G. Davies and E.D. Earle
Phys. Rev. Lett. £7 (1981) 1867
MEASUREMENT OF PAIR EMISSION FROM THE 2.8-MeV PARITY-MIXED
DOUBLET OF 2 1 N e
A.B. McDonald, E.D. Earle, J.J. Simpson, R.G.H. Pobertson'
and H.B. Mak
Phys. Rev. Lett. 4J7 (1981) 1720
MEASUREMENT OF THE PROBABILITY TOR 909-keV y-RAY EMISSION
FOLLOWING THE DECAY OF 8 9 S r
Janet S. Merritt, Anne R. Rutledge and Lyall V. Smith
International Journal of Applied Radiation Isotopes 33 (1982) 77
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A DBLA MEASUREMENT OF THE LIFETIME OF THE FIRST EXCITED LEVEL
IN 1 8 O AND A CRITICAL COMPARISON OF LIFETIME RESULTS BY
DIFFERENT METHODS
G.C. Ball, T.K. Alexander, W.G. Davies, J.S. Forster and
I.V. Mitchell
Nuclear Physics A377 (1982) 268
MEASUREMENT OF THE LINEAR POLARIZATION OF CONTINUUM GAMMA RAYS
FROM (32S, xn) REACTIONS TO PROLATE AND OBLATE RARE-EARTH
NUCLEI
W. Trautmann, J.F. Sharpey-Schafer, H.R. Andrews, B. Haas,
O. Hausser, P. Taras and D. Ward
Nuclear Physics A378 (1982) 141
b)

Reports

A REVIEW OF THE PROSPECTS FOR FUSION BREEDING OF FISSILE
MATERIAL
J.S. Geiger and G.A. Bartholomew, Editors
AECL-7259, 1981
A TECHNIQUE FOR THE PREPARATION OF CARBON-14 TARGETS FOR
NUCLEAR PHYSICS EXPERIMENTS
J.L. Gallant and P. Dmytrenko
AECL-7525, 1982
c)

Lectures

THE STUDY OF EXOTIC NUCLEI: HOW AND WHY
J.C. Hardy
Talk given at the Departmental Colloquium, University of
Toronto, 1982 January 7.
THE CHALK RIVER TANDEM SUPERCONDUCTING CYCLOTRON PROJECT: TASCC
R.L. Graham
Seminar presented at Kern-Forschung-Aniage, Jiilich, West
Germany, 1982 January 26.
RECENT CHALK RIVER STUDIES OF NUCLEAR BETA DECAY
J.C. Hardy
Seminar presented at CERNLAB, Switzerland, 1982 January 28.
STUDIES OF THE WEAK NUCLEON-NUCLEON INTERACTION
A.B. McDonald
Seminar presented at Carleton University, Ottawa, 1982 February 1.
THE CHALK RIVER RESEARCH PROGRAM IN STOPPING POWERS, AND ITS
APPLICATIONS TO NUCLEAR PHYSICS
D. Ward
Abstract submitted to AINSE Meeting, Melbourne, Australia,
1982 February.
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ALIGNED HIGH-j ORBITALS NEAR CLOSED SHELLS
D. Horn
Invited Talk given at the Eastern Regional Nuclear Physics
Conference held in Beaupre, Quebec, 1982 March 12-14.
RADIOCARBON DATING WITH THE CHALK RIVER MP TANDEM ACCELERATOR
H.R. Andrews
Invited Talk given at the Ottawa Valley Archaeological
Symposium sponsored by the Ottawa Chapter, Ontario Archaeological
Society, 1982 March 13.
14

C TERRESTRIAL AGES OF ANTARCTIC METEORITES MEASURED BY
COUNTING AND WITH A VAN DE GRAAFF ACCELERATOR
E.L. Fireman, H.R. Andrews, G.C. Ball, R.M. Brown, and
J.C.D. Milton
13th Lunar and Planetary Science Conference, Lunar and
Planetary Institute, Houston, Texas, 1982 March 15-19
The doLZoW-ing Inv-tted TaJLk& uieAe. g-Lvtn at the, ReZaZlvjj>tic
He.a.vy Ion
WinteJi School held In Ban{){), Albe,Kta,
19S2 tzbfiuaAy
21-26:
ISOL STUDIES OF EXOTIC NUCLEI:
J.C. Hardy

DO HEAVY ION BEAMS HELP?

THE NEW CHALK RIVER HEAVY ION FACILITY:
G.C. Ball

A TASCC FOR THE 80's
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NEUTRON AND SOLID STATE PHYSICS BRANCH
(Report compiled by B.M. Powell)
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20
3.21
3.22
3.23
3.24
3.25

Staff
Crystal Structure of Carbon Diselenide
Neutron Diffraction Studies of an Overstressed Zircaloy
Pressure Tube
Ordering of Lithium in the TiS 2 Cathode of an
Intercalation Battery
DNA Base Aggregation in Aqueous Solution
Dehydration of Cytosine Monohydrate
Intermolecular Potentials in a-Glycine
The Condensate Fraction in Superfluid 4 He
Positron Annihilation in Oriented Zn Single Crystals
Spin Correlations in M n ^ n ^ ^ T e Alloys
Magnons and Phonons in Uranium Telluride
Phonons in Uranium Selenide
Single-Ion Intermediate Valency in Ceg 1 (La x Th^_ x ) 0 9
Soliton Dynamics in Magnetic Chains
Magnetic Excitations in a Dilute One-Dimensional
Ising-Like Antiferromagnet
C5 Spectrometer Control Network
Program Control of Specimen Temperature
Reactor Beam-Hole Utilisation
Thick Target Neutron Yields from 7Li(p,x)n Reaction at
100 MeV
Recent Interpretation of the Fine Structure in the
Photofission Spectrum of 2 3 2 Th
Parity Violation in the Photodisintegration of Deuterium
Boron Ion Chamber
BIC Signal Conditioning
Neutron Howitzer
Miscellaneous Services
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3.26

Glassblowing Services

3.27
3.28
3.29
3.30

Machine Shop Services
Measurements of the Neutrino Mass
Parity Mixing in 2 i Ne
Magnetic Moments of Levels in 2 0 3 « 2 0 5 T J I : A Discrepancy
between Transient-Field and u-Mesic-Atom Data
207
Pb: A Transient-Field Calibration Standard for High
Recoil Velocities

3.31
3.32

Lifetimes and g-Factors in N = 128 Isotones

3.33
3.34

The g-Factors of Spins-I = 6-10 h in 2 3 2 Th and 2 3 8 U
Crystal Preparation fot Beam Bending Experiments at
Fermilab

3.35

Publications and Lectures
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3.1

Staff

BRANCH HEAD:

G. Dolling

Technical Staff
SECTION I

SOLID STATE PHYSICS

G. Dolling
W.J.L. Buyers
T..M. Holden
S..M. Kim
C.P. Martel
B.M. Powell
E.C. Svensson(1)

J.C.
H.F.
M.M.
D.C.

SECTION II

NEUTRON NUCLEAR PHYSICS

J.W. Knowles
E.D. Earle
M.A. Lone

L.A. Milani
W.F. Mills

SECTION III

COUNTER DEVELOPMENT

Evans
Nieman
Potter
Tennant

J.G.V. Taylor
M.A.
W.M.
G.A.
R.J.

Gulick
Inglis
Tapp
Toone

GLASSBLOWING
J.G. Wesanko
D.A. Doering

WORKSHOPS
A.H. Hewitt
H.C. Spenceley
K.H. Whitlock(2)

DESIGN

SECRETARIAL STAFF

W. McAlpin
J. Dunn(3)

A.M. VanDine

1.
2.
3.

On leave of absence at BNL.
Transferred to Health Sciences Branch, 1982 February 08,
Seconded from Design and Technical Service Branch.
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3.2

Crystal Structure of Carbon Diselenide
B.M. Powell with B.H. Torrie (University of Waterloo)
As part of our programme for the investigation of the
crystal structures of simple molecular solids, we have determined the crystal structure of solid carbon diselenide
(CSe2) by the technique of neutron powder profile analysis. The sample of liquid CSe 2 (supplied by Strem Chemicals) was cryopumped from its ampoule to ensure that the
polymerised component (solid) was left behind and only
monomeric CSe 2 (liquid) was used for the measurements.
The specimen of polycrystalline CSe ? was then prepared by
cryogrinding the condensed solid in a vanadium can at 77 K
and mounting the resulting powder specimen in a "Displex"
refrigerator.
Powder profiles were measured at 17 K and 200 K using
a neutron wavelength of 1.9885 A with Ge (133) as the
monochromator, graphite (002) as the analyser and a sapphire filter in the incident beam. Preliminary analysis
of these data suggests that the crystal structure of CSe2
is isomorphous with that of CS 2 (B.M. Powell, G. Dolling
and B.H. Torrie, Acta. Cryst. B38 (1982) 28). The lattice
parameters at 17 K are found to be
a = 6.5018+0.0007 A,
b = 5.7601±0.0009 A, c = 8.9913±0.0011 A and the lattice
parameter, c, is found to decrease with increasing temperature. This unusual temperature dependence was also observed in CS2- More detailed analysis is in progress.

3.3

Neutron Diffraction Studies of an Overstressed Zircaloy
Pressure Tube
T.M. Holden, B.M. Powell and G. Dolling
A specially prepared section of Zircaloy pressure
tube rolled into a stainless steel end-fitting was supplied by R.R. Hosbons (Metallurgical Engineering Branch)
for neutron diffraction experiments designed to study the
effects of over-rolling on the distribution of stress in
the tube. Preliminary measurements have been made with
the L3 neutron spectrometer operating in its 2-axis mode,
with a Ge (133) monochromator set to reflect 1.99 A neutrons, a 7 cm long sapphire filter to reduce fast and epithermal background, and 0.30° collimators before and after
the specimen. All diffraction peaks were observed to be
more than twice as broad as the instrumental resolution.
This may be intepreted in terms of a substantial spread
in interplanar d-spacings or a coherence length of about
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120 A. Additional peaks which could not be indexed
according to hep Zr were attributed to contaminant g-Zr
phases. A very high degree of_preferred orientation was
observed, with the [0001], [1120] and [lOTO] directions
aligned to within 10° of the tangential and radial directions and the cylindrical axis of the tube, respectively.
All the results are consistent with existing information
on these pressure tubes derived by other techniques.
More detailed measurements are planned with the neutron beam stopped down to a few square mm in size, to try
to observe very small changes in the average d-spacings in
the region of maximum overstressing.
j.4

Ordering of Lithium in the TiS2 Cathode of an
Intercalation Battery
W.J.L. Buyers and B.M. Powell with J.R. Dahn (University
of British Columbia)
Measurements have been made of the diffraction of
neutrons from TiS 2 : Li x with x = 0.16 and 0.25. The
plate-like specimens were prepared by discharging an
intercalation battery and compressing the cathode material
under a pressure of 15 MPa. They were mounted in a
Displex refrigerator whose temperature was maintained in
the range 18 K to 300 K under control of the C5 computer
system (PR-P-133: 3.17; AECL-7683). The specimens were of
higher purity than those studied earlier (PR-P-123: 3.11;
AECL-6680). Second and higher order neutrons were
virtually eliminated by using neutrons of wavelength 1.57
A with a Ge (111) monochromator and analyser. For x =
0.16 the growth of a satellite at (0,0,1/2) was observed
on cooling below 150 K, but no such satellite was observed
for x = 0.25. The results confirm that stage-2 ordering
takes place for the TiS 2 :Li x with x = 0.16, but no
ordering occurs for x = 0.25, as had been surmised from
electrochemical results.

3.5

DNA Base Aggregation in Aqueous Solution
P. Martel
Small angle neutron scattering (SANS) measurements
were carried out on N(6), N(6)-dimethyladenosine and 6methylpurine in aqueous solution using the L3 spectrometer. Previous SANS measurements on N(6), N(6)dimethyladenosine (PR-P-130: 3.12; AECL-7407) had employed
cylindrical sample geometry, and with this experimental
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configuration a reliable background subtraction could not
be made. At a concentration of 39 g/L the radius of gyration Rq was found to be 7.6+0.1 A. For the present measurements, conventional planar sample geometry
(P. Martel, S.M. Kim and B.M. Powell, Biophys. J. _3_i
(1980) 371) was used. The measurements yielded Rg =
8.0±0.3, 7.9±0.8 and 9.1±1.2 A for concentrations of 39
g/L, 20 g/L and 10 g/L, respectively. Within the experimental error Rq is independent of concentration. The
mean value for Rg (8.3+1.5 A) suggests that two molecules are aggregating at any instant.
For 6-methylpurine the measurements yielded Rg
values of 7.5±0.5 and 5.9±1.0 A for solutions of 91/1, and
45 g/L,respectively. The concentration dependence, if
any, is opposite to that expected on the basis of interference effects. For the 91 g/L solution, the Rg value
suggests that as many as 7 bases are stacking above one
another.
Previous neutron diffraction measurements (P. Martel,
Fur. J. Biochem. ^6 (1979) 213), at approximately twice
the concentration of 6-methylpurine, yielded a "stacking
number" of 9. Earlier diffraction measurements on N(6),
N(6)-dimethyladenosine indicated that the tendency towards
aggregation of this nucleoside was less than that of
6-methylpurine. Thus SANS and neutron diffraction seem to
yield qualitatively similar results for the numbers of DNA
base derivatives involved in self-association.
3.6

Dehydration of Cytosine Monohydrate
B.M. Powell and P. Martel with H.L. Eastwood (Chemical
Engineering Branch)
Investigations of the thermal dehydration of cytosine
inonohydrate (CMH) have been continued (PR-P-130: 3.10;
AECL-7408) by means of isothermal thermogravimetric measurements. Samples of CMH were prepared and their composition verified by neutron diffraction measurements. Two
samples were maintained at constant temperatures of 42°C
and 46°C,respectively, on a Cahn Electrobalance and their
weights were continuously monitored as a function of time
for periods as long as 100 hours. At both temperatures
the sample weights decreased to constant values with
weight losses of 13.05% and 13.95% respectively.
These
are in good agreement with the loss expected (13.95%), for
complete dehydration. Both samples were examined by
neutron diffraction following the isothermal measurements
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and were found to be pure cytosine with no detectable traces of CMH remaining. The isothermal curves of sample
weight as a function of time are well-described by an exponential decay. If we assume dehydration is an activation process then we can calculate the activation energy
from these isothermal curves. We find E a c t = 113.4±2.5
kJ-mole" 1 . These measurements show that water is readily
evolved from CMH at near physiological temperatures with
the formation of cytosine. If this behaviour occurs for
other DNA pyrimidines the effect may have consequences
during replication or recombination.
3.7

Intermolecular Potentials in g-Glycine
B.M. Powell with B. Andrews and B.H. Torrie (University of
Waterloo)
The frequencies of intermolecular modes in
a-glycine-d0 and -d s were measured at 300 K and 85 K by
Raman and infrared scattering techniques. The six Raman
frequencies observed in a-glycine - d 5 together with the
frequency of the low A u mode observed by inelastic neutron scattering (B.M. Powell and P. Martel, Chem. Phys.
Lett. jT7, (1979) 165) were used to determine the parameters of a simple model for the intermolecular potentials
in a-glycine. Buckingham potentials were assumed for the
non-bonded and N-H...0 hydrogen bond interactions while
screened Coulomb and simple Coulomb potentials were
assumed for the corresponding electrostatic components of
the interactions. The observed frequencies are well described by this simple model and both the parameters of the
hydrogen bond and the molecular charge distribution are
determined from the analysis. The potential energy of a
molecule and its static dipole moment calculated from this
model are also in reasonable agreement with the appropriate experimental values.

3.8

The Condensate Fraction in Superfluid ^He
E.C. Svensson with V.F. Sears (Theoretical Physics Branch)
Our recent results (PR-P-131: 4.2; AECL-7510) for the
pair correlation function, g(r), of liquid 4 He have been
analysed using the method of Hyland et al. (G.J. Hyland,
G. Rowlands and F.W. Cummings, Phys. Lett. 31A (1970) 465)
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to obtain values for the condensate fraction, n o , of
0.102±0.021, 0.074±0.025 and 0.034+0.026 at temperatures
of 1.59, 1.77 and 1.87 K, respectively.
Our earlier values ( PR-P-125: 4.3; AECL-6956) of
n o obtained from the temperature dependence of the
momentum distribution, n(j?) , have been slightly revised as
a result of the reanalysis of the n(p") and a change in the
manner of treating the p~2 singularity in n("p) at small
p. The new values are 0.146±0~.035, 0.109 + 0.027 and
0.008±0.006 for 1.00, 1.1 and 2.12 K, repectively.
The above values of n o (T) plus the values we
obtained (V.F. Sears and E.C. Svensson, Phys. Rev. Lett.
jO (1979) 2009) from an earlier determination of g(r), and
the value 0.09±0.03 for 1.67 K obtained by Robkoff et
al.(H.N. Robkoff, D.A. Ewen and R.B. Hallock, Phys. Rev.
Lett. _4_3 (1979) 2006) have been least squares fitted with
the expression n o (T) = n o (0)[1-(T/T X )a]. The fit
gives n o (0) = 0.139±0.023 and a = 3.6+1.4 and is somewhat better (x = 0.6) than would be expected (x = 1) for
random statistical errors. This reflects the fact that we
have been conservative in assigning errors to the values
of n o (T) in an effort to allow for possible systematic
effects.
3.9

Positron Annihilation in Oriented Zn Single Crystals
S.M. Kim and W.J.L. Buyers with J.A. Jackman (University
of Guelph)
Measurements of the temperature dependence of the
peak coincidence rate and of the angular correlation curves in oriented Zn single crystals (PR-P-132: 3.9;
AECL-7510) have been continued. Angular correlation
measurements have been made at 95 K, 340 K (just below the
vacancy trapping of positrons) and 600 K (saturation trapping of positrons in vacancies) for the [0001] direction;
and at 95 K and 340 K for the [1010] direction. Considerable smearing near the Fermi momentum was observed at 340
K and at 600 K. The positron effective mass, m*, and the
diameter of its region of confinement, R, were determined
by fitting the angular correlation distribution to a function which assumes a many-body enhanced electron momentum
distribution and a Gaussian positron momentum distribution. The results for the [0001] orientation (tabulated
below) indicate that at 95 K positrons annihilate essentially in a free state, and that at 600 K all positrons
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are localized in a region of atomic dimensions. A considerable anisotropy between the two crystal orientations is
observed in the temperature dependence of both the peak
count rate and the angular correlation curves. The degree
of anisotro^y appears to maximize at about 390 K, which
corresponds to the threshold temperature for vacancy trapping of positrons. The prevacancy peak count rates for
both orientations show a distinct change of slope at about
200 K.
None of the above-mentioned effects (the large degree
of Fermi smearing at 340 K, the distinct anisotropy and
the change of slope in the prevacancy region) are clearly
understood at present. Further measurements and analysis
are being carried out to obtain a better understanding of
positron behaviour in Zn single crystals.
Table 1: Temperature dependence of the positron effective
mass, m* (in units of m e ) , and diameter of region of
localization, R (in A) , for the [0001] direction.

95 K
m*
R

3.10

1.54
28.2

340 K

600 K

2.64

10.3

11.6

4.45

Spin Correlations in MnnZn-] _nTe Alloys
T.M. Holden and G. Dolling, with J. Furdyna (Purdue
University)
Neutron diffraction measurements analogous to those •
made previously (PR-P-127: 3.10; AECL-7102 and PR-P-128:
3.7; AECL-7234) have been made on a newly prepared powder
specimen of manganese zinc telluride. Analysis of the intensities of the Bragg reflections (Debye-Scherrer lines)
showed that the Mn concentration, c, was 0.56. As before,
a pattern of strongly temperature-dependent magnetic diffuse scattering was observed, with broad peaks corresponding approximately to Miller indices (1,1/2,0), (1,3/2,0)
and (2,1/2,1). The data will be analysed in conjunction
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with the earlier results to determine more precisely the
concentration and temperature dependencies of the Mn spin
correlations.
The earlier results for the c = 0.594 alloy have been
reanalysed in terms of a model in which the spin correlations of a fully ordered type III antiferromagnet are
modulated by an exponential function of an inverse correlation length K. This model has only 2 adjustable parameters, K and the Mn spin S, which may thus be determined
by least-squares fitting to the measured diffraction patterns at each temperature. Although the model describes
many of the features of the measured spectra, there are
significant discrepancies in detail. It is not yet clear
how to modify the model to take account of these discrepancies.
3.11

Magnons and Phonons in Uranium Telluride
W.J.L. Buyers and T.M. Holden with P. de V. DuPlessis,
(Rand Afrikaans University) and O. Vogt (ETH, Zurich)
Measurements have been made with the C5 spectrometer
of the phonon frequencies in UTe at room temperature in
the [001] and [110] directions and of the magnons at 4.2 K
in the [111] and [001] directions. Together with phonons
previously measured in the [111] direction (PR-P-121: 3.9:
AECL-6530) the new, more extensive results confirm that
Poisson's ratio is negative for UTe and that the crystal
is unusually compliant under pressure. Both phenomena are
found in mixed valence systems and have not previously
been observed in a system that orders ferromagnetically.
A magnon branch has been observed in agreement with
previous measurements, where these overlap in the [111]
direction. In the present measurements, made at better
resolution with Ex = 3.6 THz, well-defined peaks are observed all the way to the zone boundary in the [001] and
[111] directions.

3.12

Phonons in Uranium Selenide
T.M. Holden and W.J.L. Buyers, with J.A. Jackman
(University of Guelph) and P. de V. DuPlessis (Rand
Afrikaans University)
The phonon dispersion relations for USe have been
measured in the [001] , [110] and [111] directions by
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neutron inelastic scattering at 300 K. USe has the rocksalt structure and becomes ferromagnetic at low temperatures in common with the other uranium chalcogenides US
and UTe. Both US and UTe display a negative Poisson's
ratio (negative C 1 2 elastic constant) as a result of the
narrow, partly filled band of 5f-electrons overlapping a
wider 6d-band. The present experiment was designed to
look for evidence of this effect in USe. In addition, as
the lattice parameter for USe lies between those of US and
UTe, it may show transitional behaviour between the conventional magnetic excitations observed in UTe (PR-P-125:
3.9; AECL-6956; and PR-P-133: 3.11; AECL-7683) and the
itinerant effects observed in US (PR-P-130: 3.3;
AECL-7408). The measurements were made on a high quality
single crystal with the N5 triple-axis crystal spectrometer employing a Si (111) monochromator and a pyrolytic
graphite (002) analyser. The phonon dispersion relations
are similar to those for US and show the same anomalous
behaviour that arises from a negative C 1 2 elastic constant, namely, the [111] LA and TA branches and the [110]
LA and T 2 branches are nearly degenerate in frequency.
Analysis of the data in terms of force constant models is
in progress.

3.13

Single-Ion Intermediate Valency in Ce n

|(La y Thj_ y ) nt9

W.J.L. Buyers, T.M. Holden with M.B. Maple and M. Tovar
(University of California, San Diego)
Measurements have been made with the N5 spectrometer
of the neutron scattering at 4.2 K from
Ce
0 . l( L a 0. 6 Tn 0 .4) 0 .9 anc^ a non-magnetic blank
Lag*i(Lag IgThQ"4)0^9• T n e difference count is the
magnetic scattering from Ce ions. It shows a crystal
field peak at 3.5 THz with a half width at half height of
1.6 THz. The width is twice that of Ce in Lan.gThQ^
(PR-P-118: 3.10; AECL-6216) and is a measure of the'inverse lifetime of the f1 magnetic configuration. The results
for all alloys studied to date (x = 0.9, 0.6 and 0.0) are
consistent with an evolution of the magnetic behaviour
from Kondoesque at x = 0.9 with the f-resonant state below
the Fermi level, to mixed valent in the regime 0.6 > x >
0.0 where the approach of the f-state to the Fermi level
results in destruction of the local moments.
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3.14

Soliton Dynamics in Magnetic Chains
W.J.L. Buyers with S.E. Nagler and R.L. Armstiong
(University of Toronto) and B. Briat (ESPCI, Paris)
Analysis of the low-frequency magnetic neutron scattering from the Ising-like quasi-one-dimensional antiferromagnet CsCoBr3 (PR-P-131: 3.12; AECL-7510) has revealed
a low-frequency peak in addition to the spin-wave scattering. As the peak is well defined it provides the first
evidence for propagating solitons in magnetic chains.
Consistent with this interpretation, the peak intensity is
thermally activated and its frequency has a sinusoidal dependence on wave vector. An extension of the theory for
free solitons to first order in the transverse spin interaction is in reasonable agreement with the data. The picture of a gas of free solitons is found to break down,
however, at high temperatures where strong collisional
broadening is observed.

3.15

Magnetic Excitations in a Dilute One-Dimensional
Ising-Like Antiferromagnet
W.J.L. Buyers with S.E. Nagler and R.L. Armstrong
(University of Toronto), D.J. Lockwood (National Research
Council, Ottawa) and R. Ritchie (University of Canterbury,
New Zealand)
Inelastic neutron scattering experiments have been
performed on the randomly dilute, s=l/2,quasi-onedimensional Ising-like antiferromagnet CsCo x Mg2_ x C£ 3
with x = 0.83±0.01. The usual spin wave response around to
« 2 J was observed with a zone boundary frequency of 3.07
± 0.07 THz. In addition, a new band cf excitations was
found near u » J. This was observed as a broad, dispersionless feature centred at a frequency of 1.64+0.08 THz
at 4.7 K. The excitations can be associated with the
spins at the ends of isolated finite chains of magnetic
ions. Exact calculations of Sxx(Q,<o) have been made for
open-ended chains of up to 8 spins. These can account for
the appearance of the new band observed by neutron scattering .

3.16

C5 Spectrometer Control Network
M.M. Potter and W.J.L. Buyers
The Remote-11 network previously used (PR-P-129:
3.11; AECL-7328)for computer-to-computer communications on
the spectrometer control system has been replaced with
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the network system Star-11. The Star-11 system has greatly improved system performance because (1) it is reliable,
(2) it provides faster computer-to-computer communications
(up to 2.5 megabaud compared with 9.6 kilobaud for
Remote-11), (3) it supports up to 14 satellites, (4) it
supports local as well as host peripherals at the satellites, and (5) it supports extended memory in the satellites.
The Star-11 system has eliminated problems associated
with the storage of output data on the host disk. This
has greatly improved the efficiency of the plotting facility.
3.17

Program Control of Specimen Temperature
D.C. Tennant and W.J.L. Buyers
Specimen temperature at the C5 neutron spectrometer
can now be computer controlled in any temperature range
for which a thermometer is available that will output a
stable analog signal. For example, a silicon diode
thermometer is employed for the range from 4.2 K to 300 K
while a platinum resistance thermometer covers the range
from 50 K to 1000 K. The required temperature is read as
an additional parameter in the scan data and the system
waits until the new temperature control range is reached
before resuming data collection. In a recent experiment
using a Displex closed cycle helium cryostat, temperature
changes as large as 150 K (250 K to 100 K) were made under
program control. When the temperature reached the control
point,stabilization and the resumption of data collection
took place in approximately 5 minutes.

3.18

Reactor Beam-Hole Utilisation
B.M. Powell and H.F. Nieman
The McMaster University spectrometers were shut down
for the period, as was the C2 fast-neutron chopper and the
N4 thermal beam facility. The Guelph University spectrometer operated for 75% of the period. Utilization of the
other occupied beam holes was as follows:
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Beam
Hole

No. of
Experiments

No. of
Participating
CRNL Scientists

No. of
Participating
Non-CRNL
Scientists

Efficiency (%
of Available
Reactor
Operating Time
Used for
Experiments)

C-1

1

1

2

80

C-4

2

2

1

90

C-5

3

3

3

93

L-3

4

5

2

92

N-5

2

2

4

91

•

Total reactor operating time was 75 days.
3.19

Thick Target Neutron Yields from
100 MeV

7

Li(p,xn) Reaction at

M.A. Lone and E.D. Earle with R.T. Jones, A. Okazaki,
B.M. Townes (Reactor Physics Branch) and with J.K.P. Lee,
R.B. Moor, J.M. Robson and V. Raut (McGill University).
The results of two irradiations using 100 MeV protons
on a thick Li target performed at the McGill University
cyclotron (PR-P-132: 3.12; AECL-7510) have been analysed.
In the first irradiation a detailed plot of the azimuthal
variation of the thermal neutron flux at various positions
along the beam axis was obtained. In the second irradiation the neutron flux distribution was measured in one
quadrant of the 1.5 m diameter, 1.5 m height water bath
(PR-P-130: 3.19; AECL-7408).
The results of both measurements showed a much flatter thermal neutron flux distribution than that observed
with the Pb target (PR-P-131: 3.21; AECL-7510). This is
consistent with the harder neutron spectrum expected from
the Li target.
The neutron yield, expressed as thermal neutron absorption inside the water moderator bath was found by
integration of the second set of irradiations.
This
gave a yield of 0.12 neutrons per incident proton. The
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maximum volume-averaged thermal neutron flux in a volume
defined by the last 10 cm of the 18 cm long 7Li target
and extending radially from 2.8 cm to 7.5 cm was
1.2 x 1 0 i 5 n ' c n f . s . A .
3.20

Recent Interpretation of the Fine Structure in the
Photofission Spectrum of 2 3 2 Th
J.W. Knowles
The Chalk River bremsstrahlung monochromator at the
University of Illinois Microtron Laboratory has been used
to measure the photofission cross section, oy£, of 2 3 2 Th
between 4.95 and 6.76 MeV with a resolution of 12-14 keV.
This cross section which, on the average, increases exponentially with increasing photon energy shows three distinct regions: 5.40 to 5.85, 5.85 to 6.15 and 6.15 to 6.75
MeV, respectively. Peaks, 30 to 60 keV wide, are observed
in each region (PR-P-128: 3.9; AECL-7234 and PR-P-126:
3.16; AECL-7055). The lowest energy peak in the lowest
region is at 5.50 MeV. Assuming that fission in 2 3 2 Th is
described by a double-humped fission barrier our measurements show that the inner and outer barrier heights are «
5.3 and 6.4 MeV, respectively. However, a double-humped
fission barrier cannot account for the presence of resonant structure between 5.3 and 6.4 MeV. A similar situation exists for resonances in the fission spectra
following the reaction 2 3 2 Th (n,f). To explain this
measurement a three-well potential has been postulated and
the observed peaks are interpreted as resonances formed
between the second and third wells. The explanation is
based on calculations of Moller and Nix (see A. Michaudon,
Neutron Interlab Seminar, Oxford, CEA-N-2232, 1981), who
show that shallow minima occur in the potential energy
surface near the second saddle-point of the light
actinides where mass asymmetry deformation is involved in
the fission process. An extension of this shallow well
concept can explain the fine structure in our photofission
measurements. Here the sharp increases in aYf at 5.85
and 6.15 MeV are related to sharp decreases in slope, indicating shelves at these energies, in the outer surface
of the two-well potential distribution. The structure, 2
to 4 peaks in the Oyf spectrum between 5.40 and 5.85 MeV
and between 5.85 and 6.15 MeV, is interpreted as evidence
of vibrational resonances in separate shallow wells,
approximately 400 keV deep located in the shelves at 5.85
and 6.15 MeV, respectively.
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3.21

Parity Violation in the Photodisintegration of Deuterium
E.D. Earle with A.B. McDonald and J.J. Hill (Nuclear
Physics Branch)
Considerable progress has been made in improving the
polarization, output and stability of the polarized electron source. Thirty four percent electron polarization
has been obtained by cooling the GaAs crystal to -150°C
during operation. Through fine tuning of the optical
system, polarization reversal can now be achieved with
changes below 5 x 10~ 6 in the light intensity incident on
the GaAs crystal. This stability is essential in order to
minimize a major source of systematic error in the parity
violation experiment. A new technique for cleaning the
GaAs surface by anodizing and stripping the oxide layer
prior to installation has resulted in significantly larger
intensities. Electron currents in excess of two
milliamperes have been obtained, but the difficulty in
dissipating such large power levels in the present test
apparatus has prevented longr-term stability tests.
The bremsstrahlung target for the electron test accelerator (ETA) has been constructed and the thin Ta window
has been vacuum tested.
The prototype (first module of 16) BIC detector
(PR-P-133: 3.22; AECL-7683) has been constructed and tested with uncoated electrodes. The first set of electrodes
have been coated with 1°B and tests of several of these
electrodes (PR-P-133: 3.24; AECL-7683) indicate that the
coating technique is satisfactory.
The data acquisition system has been delivered to
CRNL and construction of the electronics to interface it
to the detectors is in progress (PR-P-133: 3.23;
AECL-7683).
A first run at ETA utilizing the components described
above is planned for the next quarter after the linac has
been returned to operation following the major shutdown
for model V installation.

3.22

Boron Ion Chamber
R.J. Toone, G.A. Tapp, H.C. Spenceley, W.M. Inglis and
J.G.V. Taylor
For satisfactory operation of the BIC detector the
electrodes must be coated with a thin, uniform layer of
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10

B. To deposit uniform layers of a known quantity of
°B a technique of measuring the
B suspension in a
weighed syringe was used. This amount was then evenly
distributed over the electrode surface (» 1000 cm 2 in
area) in a layer 0.025 mm thick, by spreading the
suspension with a stainless steel blade 2 cm wide with a
0.025 mm gap. Since the electrodes were not flat they
were clamped in eight places, along two opposite sides, to
a 6 mm thick aluminum alloy plate. The aluminum alloy
plate forms a shelf in a rack and is mounted level in the
centre of the vacuum oven. At the present time it is
possible to complete the coatings of three sides in one
batch per day. All of the 18 surfaces of the ten
electrodes in the BIC have now been coated with
B.
1

To maintain accurate electrode spacing (PR-P-132:
3.16; AECL-7605) a "comb" of 1.5 mm polycarbonate was used
to hold the edges. A total of 24 spacers, six along each
edge, half for each of the H.T. electrodes and signal
electrodes, maintains the spacing. The capacitance of the
plates was measured and was found to be within 1.5% of the
calculated capacitance. The second detector is now being
fabricated to the same design.
3.23

BIC Signal Conditioning
G.A. Tapp
To interface the BIC detector to the data acquisition
system, a current to voltage convertor and a voltage to
frequency convertor have been built. The current to voltage convertor has a conversion gain of 10 mV/nA and a
noise voltage of 5 mV peak to peak on the output. This is
expected to improve with additional power supply filtering
and installation into an enclosing N1M module. The
voltage to frequency module was found to give a clean 0-4
volts (TTL) square wave output at a frequency in excess of
11 MHz. A copper shield was placed over all active
components on the board in order to reduce the probability
of RF interference. Both prototype units have been tested
and their performance was found to be satisfactory.
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3.24

Neutron Howitzer
W.M. Inglis and E.D. Earle with A.B. McDonald (Nuclear
Physics Branch)
The Neutron Howitzer (PR-P-132: 3.18; AECL-7605) has
been used to measure the relevant characteristics of the
first l °B coated Zircaloy electrode. A windowless
a-detector was placed above the
B surface and the shape
of the pulse height spectrum of a and Li particles emitted following neutron capture in the 1 0 B was measured. It
was found to be consistent with published information.
The yield from the reaction l°B + n + a + 6 Li was measured
for each 12 cm 2 area of the 1000 cm 2 electrode. The yield
did not vary by more than" ± 8% except for approximately
8% of the electrode area where mounting holes and an
obvious absence of 1 °B coating resulted in an expected low
value.
»
To measure the neutron attenuation of the electrode,
the a-detector was converted into a neutron detector by
placing a
B disk in its window. The neutron attenuation
for different areas of the electrode varied from 9 to 12%.
This agrees with the average attenuation expected for the
known weight of 1 0 B deposited.

3.25

Miscellaneous Services
R.J. Toone and M.A. Gulick
An oriented, single crystal of germanium was cut to
obtain five pieces with dimensions 5-6 cm long, 1 cm wide
and 0.5-1 mm thick. Quartz tubing has been etched to reduce its wall thickness. This technique has been used in
work for Section I, General Chemistry and Solid State
Science Branches. Two gas proportional counters were repaired for Section II and for Solid State Science Branch
and three internal sample, gas proportional counters had
anode wires replaced. Twelve copper-glass Housekeeper
seals were issued.

3.26

Glassblowing Services
J.G. Wesanko and D. Doering
A distillation system for the determination of deuterium content in water containing high deuterium concentrations was constructed for General Chemistry Branch. A
glass system and capsules to produce synthesized, tagged
methyl bromide was also made for this Branch.
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A glass diffusion pump for an analytical vacu^ui line
used in the photochemistry program was built and installed
in Physical Chemistry Branch. Three molybdenum coils,
2 cm diameter x 0.216 mm thick were enclosed in a watercooled jacket and installed on the CO 2 laser discharge
tube for this Branch.
99

Six headers, broken in transit, were repaired for the
Mo Facility and twelve additional headers were supplied.

Twelve glass vessels to contain precracked and stressed alloys were constructed for Materials Science Branch.
These will be used in the program investigating the relation between hydrogen pressure and crack propagation in
alloys.
Four glass steam distillation heads were constructed
for the Petawawa National Forestry Service.
3.27

Machine Shop Services
A.H. Hewitt and H.C. Spenceley
In Bldg. 459 machine shop the furnace chamber for
squeezing monochroms.tor crystals was completed and a
motorised unit to change specimen height in the positron
annihilation furnace was constructed. Other work included
an inspection stand for examining the boron-coated plates
of the BIC detector, construction of sample holders for a
diffraction experiment on battery materials, a vertically
adjustable stand for diffraction measurements on a section
of Zircaloy pressure tube and construction of a bearing
auu spindle assembly for the McGill University chopper.
In Bldg. 116 machine shop extensive work was done for
the BIC project. Construction of the prototype counter is
complete and the counter windows and plate support have
been fabricated.
Other work included the manufacture of
copper thimbles for Housekeeper seals, a radiator translator assembly for count-rate tests on the ETA and modification of emission monitors for Quebec Hydro.
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3.28

Measurements of the Neutrino Mass
M.A. Lone and J.W. Knowles et al.
See PR-P-133: 2.2; AECL-7683

3.29

Parity Mixing in

2i

Nc

E.D. Earle et al.
See PR-P-133: 2.4; AECL-7683
3.30

Magnetic Moments of Levels in 2 Q3i205 T ^. A Discrepancy
between Transient-Field and u-Mesic-Atom Data
M.A. Lone et al.
See PR-P-133: 2.16: AECL-7683

3.31

207

P b : A Transient-Field Calibration Standard for High
Recoil Velocities

M.A. Lone et al.
See PR-P-133: 2.17; AECL-7683
3.32

Lifetimes and g-Factors in N = 128 Isotones
M.A. Lone et al.
See PR-P-133: 2.18; AECL-7683

3.33

The g-Factors of Spins I = 6-10 h in

232

Th and

238

U

M.A. Lone et al.
See PR-P-133: 2.19; AECL-7683
3.34

Crystal Preparation for Beam Bending Experiments at
Fermilab
R.J. Toone et al.
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3.35

Publications and Lectures
Publications
STRUCTURE OF HEAVY WATER TO 15.6 kbar BY
NEUTRON DIFFRACTION
A.Y. Wu, E. Whalley and G. Dolling
Chem. Phys. Lett. _84 (1981) 433
STRUCTURE OF SOLID CARBON DISULPHIDE BETWEEN
5 AND 150 K
B.M. Powell, G. Dolling and B.H. Torrie
Acta Cryst. BJ18_ (1982) 28
MEASUREMENTS OF PAIR EMISSION FROM THE
2.8 MeV PARITY-MIXED DOUBLET OF 2 XNe
A.B. McDonald, E.D. Earle, J.J. Simpson,
R.G.H. Robertson and H.B. Mak
Amer. Phys. Soc. ^7 (1981) 1720
A HIGH RESOLUTION BREMSSTRAHLUNG MONOCHROMATOR
FOR PHOTO-NUCLEAR EXPERIMENTS
J.W. Knowles, W.F. Mills, R.N. King, G.E. LeeWhiting, S. Yen, B.O. Pich, J.C. Kim, T.E. Drake,
L.S. Cardman and R.L. Gulbranson
Nucl. Inst. & Meth. 193 (1982) 463
A RESOLUTION MEASUREMENT OF AN INCLINED-PLANE
SECTOR MAGNET MADE WITH AN INTRINSIC GERMANIUM
DETECTOR
J.W. Knowles, W.F. Mills, R.N. King, R.J. Toone
H.L. Malm, B.O. Pich, S. Yen and T.E. Drake
Nucl. Instr. & Meth. 193_ (1982) 485
NEUTRON SCATTERING METHOD FOR STUDYING BOUND
WATER IN LIVE TISSUE APPLICATION TO PLANT
LEAVES
P. Martel
Biochim. et Biophys. Acta 714 (1982) 65
Lectures
CRYSTAL STRUCTURES OF D-BROMOFORM
B.H. Torrie, R. Myers and B.M. Powell
Gordon Research Conference on Orientational Disorder
in Crystals
Ventura, Ca., U.S.A., 1982 January 11-15
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NEUTRON SCATTERING FROM ISOLATED CLUSTERS OF MAGNETIC
IONS
E.C. Svensson
Physics Department Colloquium, Brookhaven National
Laboratory, Upton, N.Y., U.S.A., 1982 January 21
AGGREGATION OF DNA BASE DERIVATIVES IN WATER
P. Martel
Annual Meeting of Biophysical Society, Boston,
Mass., USA, 1982 February 14-17
NEUTRON SCATTERING AS A PROBE OF 5f-ELECTRON SYSTEMS
T.M. Holden
Physics Seminar at Queen's University, Kingston, Ontario,
1982 March' 03.
THE CONDENSATE FRACTION IN SUPERFLUID 4 He
E.C. Svensson
Colloquium at Los Alamos National Laboratory,
Los Alamos, N.M., U.S.A., 1982 March 5
THE CONDENSATE FRACTION IN SUPERFLUID 4 He
E.C. Svensson
Colloquium at the Centre for Materials Science and
Engineering, Massachusetts Institute of Technology,
Boston, Mass., U.S.A., 1982 March 19
THE CONDENSATE FRACTION IN ^He
E.C. Svensson
Joint Colloquium at Solid State Science Division and
Intense Pulsed Neutron Source Division, Argonne
National Laboratory, Argonne, 111., U.S.A., 1982 March 30
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4.1

Staff
Branch Head:

G.E. Lee-

M.
F.C.
S.A.
H.C.
V.F.
I.S.
K.B.

Harvey
Khanna
Kushneriuk
Lee
Sears
Towner
Winterbon

Visitors
M. Couture (1)
Y . K. Ho ( 2 )
Secretarial Staff
M.E. Carey

(1)
(2)

NRC Post-Doctoral Fellow from McGill University;
joined branch 1980 December 01.
Visiting scientist from Zhengzhou University,
People's Republic of China; arrived 1982 March 09,
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4.2

Multigroup Cross Sections for the Neutronic Evaluation of
Activities in the INRS Irradiation Facility
S.A. Kushneriuk with P.Y. Wong (Math, and Computation Branch)
Results are now being obtained of activations induced
in foils irradiated at specified positions in the graphitestainless-steel-thorium-DT-neutron source irradiation facility
developed at the Univeirsite de Quebec, Institut National de la
Recherche Scientifique, Varennes, Quebec. [PR-P-118,4.3: AECL6216; PR-P-130,4.9: AECL-7408]. Detailed neutronic evaluations
of the INRS irradiations are planned as part of the joint INRS/
CRNL program of studies on fissile-fuel breeding in fusionreactor blankets.
A 25-neutron-group library of cross sections, spanning
the energy range 14.9 MeV to "thermal" has now been prepared for
this purpose. The library is based on the latest ENDF/B-V file
of point cross-section data and is in a form suitable for use
with both the MORSE Monte Carlo code and both the ANISN and the
neutronic code. [PR-P-132,4.2: AECL-7605].
The library has a special "activities" section, as well
as the usual neutron transfer and collision cross sections for
the materials composing the facility (e.g. graphite, stainless
steel, ThO 2 , etc.). About twenty-five different activities can
be evaluated (e.g. activations induced in foils in the
23
Na(n,7) 2lt Na, 2 3 2 Th(n,f), * 97 Au ( n , y ) l98 Au , u 5 In(n,n') U 5 l "ln,
etc. reactions). The cross sections were first evaluated in a
100-group format, using the NJOY processing code [PR-P-132,4.2:
AECL-7605]. These were later collapsed to a 25-group format
with ANISN.

4.3

A New Justification of the Mass-Energy Equivalence Relation
V.F. Sears
The Einstein mass-energy equivalence relation, E = me 2 ,
is normally obtained as a by-product of the theory of Lorentzcovariant mechanics. We have developed an alternative axiomatic
method of obtaining this result which is more direct and parallels the derivation of the corresponding result E = -~ mv 2 in
Newtonian mechanics. We have also examined a general class of
relativistic mechanics in which Ea/m is invariant, a being any
real number. We find that all -members of the class reduce to
Newtonian mechanics when v+0, but it is only in the EinsteinMinkowski mechanics (a=l) that particles of zero rest mass
(e.g. photons) have an invariant velocity.
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4. 4

The Condensate Fraction in Superfluid **He
V.F. Sears with E.C. Svensson (N.S.S.P. Branch)
See PR-P-133:3.8 (AECL-7683).

4.5

Penetration of Heavy Ions in Solids
K.B. Winterbon with P. Sigmund (Odense University)
Work continues on energy loss in multiple scattering
(PR-P-132:4.5 (AECL-7605)). In the study of the combined
energy-angle distribution expressions for angular distributions
of the energy-loss moments up to the fourth have now been
obtained.
This has prompted an investigation of how to represent
the usual Vavilov distribution of energy losses, say f(AE),
which is the energy-loss distribution averaged over all deflection angles. It is usually obtained by numerical integration of
an inverse Laplace transform, which is tedious to evaluate and
difficult to evaluate correctly. Two alternative approximate
representations of this distribution are being tried. The first
is a Pearson distribution, having the same moments up to the
fourth as f(AE). This has the advantage that analytical expressions for such quantities as the distances between mean and mode
and between inflection points can easily be obtained.
In the second method one represents the cross section
a(e), for energy loss e in a single collision, by a sum of delta
functions, with positions and weights chosen to reproduce the
moments of 0(e). With a single delta function f reduces to a
simple Poisson density; with more than one it reduces to a convolution of Poisson densities. In either case the discrete
Poisson density is approximated by a corresponding continuous
density.
Preliminary indications are that both the Pearson and
the compound Poisson densities are excellent approximations to
the Vavilov distribution.

4.6

Corrections to Schmidt Magnetic Moments
I.S. Towner and F.C. Khanna
Corrections to the single-particle Schmidt values for
the magnetic moments of closed LS-shells plus (or minus) one
nucleon have been computed. Corrections arise from second-order
core polarisation, first-order coupling to isobar-hole states
(extended to all orders in the RPA approximation), mesonexchange currents and first-order core polarisation in the two-
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body meson-exchange operator. The calculations are based on the
one-boson-exchange model for the nuclear force and the mesonexchange operators; both are handled consistently to the same
level of approximation. It is found that there are large cancellations among the various contributions to the isovector magnetic moments, and so complete agreement with experiment is difficult to achieve. Nonetheless, our results for the A=3, 15,
17, 39 and 41 ground-state systems are very satisfactory considering that no parameters were explicitly adjusted to fit magnetic moments, and agreement with experiment is appreciably better
than that achieved previously.
It is observed that there is excellent mutual cancellation
between the two tensor-iterated diagrams: the second-order
core-polarisation diagram involving high-lying intermediate
states and the first-order meson-exchange core-polarisation diagram. These are the time-consuming ingredients of the computation. If the plausible assumption is made that these contributions may be neglected, then the calculations may be extended to
heavy nuclei. Results can be expressed in terms of an equivalent one-body magnetic moment operator with effective g-factors.
We are computing these effective g-factors as a function of the
nuclear mass number and are exploring their systematics.
4. 7

3

^Cn Superallowed B-Decay

I.S. Towner with S. Raman (Oak Ridge), E.T. Jurney (Los Alamos)
and D.A. Outlaw (Duke University)
Precise (n,y) measurements at the Los Alamos Omega West
reactor and (p,y) measurements at the Triangle Universities
Nuclear Laboratories high-resolution proton-beam facility have
yielded an improved Q-value for the
C£ superallowed 0-decay.
Combining this with the known lifetime, and applying small radiative and Coulomb corrections, a corrected ft-value for the
(3-transition, denoted Q>t, is obtained. According to the conserved vector current (CVC) hypothesis, ^t-values for all superallowed 0+->-0+ (3-transitions should be identical. Comparing this
3H
Cl value with the most accurately known datum at the present
time, 1£*0, yields a ratio
R = [^t( 3 Vi) - 3t( ll4O)]/SSt( 1<+0) = (5 + 16) x lCT 4
consistent with zero. This result uses the model-dependent
Coulomb correction of Towner, Hardy and Harvey (Nucl. Phys. A284
(1977)269). Poorer agreement is obtained with the Coulomb correction of Damgaard (Nucl. Phys. A130(1969)233), viz.
R = (23±14) x lO"1*. Of course it is impossible to extract
separate conclusions about CVC and Coulomb corrections from a
single comparison, but the overall consistency of all the superallowed (3-decay data tends to support the method of analysis
used by Towner and Hardy (Phys. Lett. 73B(1978)20).
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4.8

Nucleon-Nucleon Scattering in a Quark Model
M. Harvey with J. LeTourneux (Univ. of Montreal)
Work continued on this problem (PR-P-131:4.5 (AECL-7510)).
The computer code for calculating the nucleon-nucleon phase
shifts in the quark model has been rewritten in the resonatinggroup formalism as opposed to the generator-coordinate formalism
of the old code- The reformulated code is numerically more
stable. Using the new code a study has been made of the origins
of the resulting effective repulsive cores in S-wave scattering.
It has been found that the phase shifts (and hence the repulsive
cores) are insensitive to the energies of the excited positive
parity N- and A-resonances but very sensitive to the negative
parity resonances and the energy splitting between the N- and
A-ground states. The formalism for the scattering in higher
partial waves has been completed and the coding is being prepared. Studies aimed at the consistent inclusion of meson
exchanges in the quark model for nucleon-nucleon scattering are
still in progress.

4.9

Structure of the Pion
H.C. Lee with Q. Ho-Kim (Laval University)
This item is an outgrowth of work reported earlier PR-P-131:4.10, 4.11 (AECL-7510) and PR-P-132:4.10 (AECL-7605).
The pion occupies a unique position among mesons and baryons
because it has by far the smallest rest mass - it is the state
of least energy excited out of the vacuum. This fact and its
spin parity (0~) suggest that it should be identified with the
Nambu-Goldstone boson - a nearly massless excitation mode associated with the spontaneous breaking of the chiral symmetry of
the strong interaction. Because of mathematical complications
the only useful analytical treatment of the pion is by means of
a simple but phenomenologically powerful model - the bag model,
in which the pion is a composite of massive quarks. The bag
model does not encompass the idea that the pion is a NambuGoldstone boson.
Without compromising its essential simplicity, we have
generalized the bag model in such a way as to establish a. strong
connection between its pion and the Nambu-Goldstone boson. In
our model the quark-antiquark pion has no spurious centre-ofmass motion. The vacuum used refers to massive,constituent
quarks, not to massless bare quarks; consequently the vacuum
expectation value for bare quark-antiquark pairs, <~in>, is nonzero, as expected for a Nambu-Goldstone boson. The quantity
<~tyi>> diverges unless the quarks in the vacuum state are correlated. By observing that there is a strong dependence of the pion
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decay constant, f„, on this correlation, we have established a
connection between fv and <tyty> which is of the type
c h a r a c t e r i s t i c of the Nambu-Goldstone mode.
4.10

Neutrinos
H.C. Lee
As part of the theoretical support to the recently mounted
CRNL effort to measure the neutrino mass (see PR-P-133:2.2
(AECL-7683)) a study was made to consolidate our present understanding of the many facets of the neutrino(s), with special
attention paid to the significance of the massiveness or raasslessness of these particles. Topics considered include a brief
history of the discovery of various species of neutrino, neutrinos and cosmology, and the relevance of the fundamental properties of neutrinos to the theories of elementary particles. A
report on this subject is being written.

4.11

CP-Violation
H.C. Lee with Q. Ho-Kim (Laval University)
Work on this topic (PR-P-132:4.10 (AECL-7605)) has continued. Calculations show that in the standard six-quark model,
where CP-violation is due to a CP-phase in the quark-mass
matrix, CP-violating effects are constrained to be <10~ 2 in the
B -B system, which is below the level of observation at existing facilities. Non-standard models are not thus constrained.

•5.12

Modification of SUPERFISH
M. Couture
Work has continued on this problem (PR-P-130:4.7 (AECL7408), PR-P-131:4.3 (AECL-7510) and PR-P-132:4.12 (AECL-7605)).
The testing of the difference equations is in progress. The
mesh points may be divided into two categories: points within
the cavity (interior points) and boundary points. A set of difference equations for interior points and boundary points on a
symmetry plane have been tested successfully in the case of a
cylindrical cavity; the tests revealed that the error in the
frequency varied as the square of the mesh size, as expected.
The tests also showed that our difference equations for points
on metal surfaces need improvement.
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4.13

Shapes for RFQ Electrodes
G.E. Lee-Whiting with G.L. Klawitter (Math. & Comput. Branch)
A method of calculating shapes of electrodes for RFQ
accelerators in the quasistatic approximation has been devised.
The method generalizes earlier work (G.E. Lee-Whiting and L.
Yamazaki, Nucl. Instr. & Meth. 9_4 (1971) 319) on magnetostatic
quadrupoles. A suitably symmetric system of source terms singular on four parallel straight lines symmetrically disposed about
the axis of the RFQ is assumed; the resultant potential is periodic along lines parallel to the axis. Parameters (which may be
numerous) related to the source terms are chosen in such a way
that the field distribution near the accelerator axis has properties dictated by beam dynamics. The electrode shapes are
found by locating suitable equipotential surfaces. There is
considerable freedom in the choice of values for the source parameters; it is expected that this freedom may be used to ensure
reasonable electrode shapes and to minimize electric field
strengths on the electrodes.
The writing of a computer program to calculate the
required potentials and fields and to carry out appropriate
tests of their correctness has almost been completed.

4.14

Spectrometer Modifications for Neutrino-Mass Experiment
G.E. Lee-Whiting
Analytical calculations of electron trajectories in the
CRNL TT/2 spectrometer have been carried out in connection with
modifications required for the attempt to measure the neutrino
mass - see PR-P-133:2.2 (AECL-7683). It is proposed to use a
multi-wire detector, whose plane may be assumed to make an angle
Xf with the radial direction, and an extended planar source
(K.-E. Bergkvist, Nucl. Phys. B39(1972)317) at an angle Xi
to the radial direction. A third parameter at our disposal is
the position of the aperture defining the beam - the angle, e l r
measured along the central orbit from the source. All secondorder radial aberrations of the CRNL TT/2 spectrometer have been
calculated and expressed in terms of x f , x^ and el. The
design of the spectrometer ensures that the vertical aperture
does not appear in the second-order radial aberration. A distribution of electrical potential maintained over the source
surface results in the cancellation of all aberrations dependent
on source dimensions alone. The surviving aberrations are the
expected term in the square of the horizontal aperture and three
cross-terms involving the horizontal aperture, the horizontal
source dimension, and the departure of the electron momentum
from its nominal value. The parameters may be chosen to cause
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any two, but not all three, of the cross-terms to vanish. It
has been tentatively concluded that an aperture position one
quarter of the way between source and detector with X.^ and
Xf adjusted to remove the momentum-dependent aberrations is
the best choice; it results in a line shape more nearly independent of position in the multi-wire detector.
A computer program has been written to calculate intrinsic
line shapes within the second-order approximation. It is being
used to compare the various options.
4.15

Measurement of Neutrino Mass
G.E. Lee-Whiting and H.C. Lee et al.
See PR-P-133:2.2 (AECL-7683).

4.16

Reports, Publications, and Lectures
Publications
DECAYS OF CHARMED MESONS
Q. Ho-Kim and H.C. Lee
Phys. Rev. D25(1982)178
PHOTON AND GLUON RADIATIVE DECAYS AND INCLUSIVE DECAYS OF
CHARMED AND BOTTOM MESONS
H.C. Lee and Q. Ho-Kim
Phys. Rev. D25(1982)287
ROLE OF 2p-2h STATES IN WEAK 0 + -0~ TRANSITIONS IN A=16 NUCLEI
I.S. Towner and F.C. Khanna
Nucl. Phys. A372(1981)331
FUNDAMENTAL ASPECTS OF NEUTRON OPTICS
V.F. Sears
Physics Reports 82(1982)1
MAGNETIC CORRELATIONS IN DISORDERED M n ^ n j ^ T e ALLOYS
T.M. Holden, G. Dolling, V.F. Sears, J.K. Furdyna, and G. Giriat
Solid State Commun. -40(1981)281
THE SPATIAL STRUCTURE OF COLLISION CASCADES
K.B. Winterbon
Rad. Effects ^0(1982)199
STRANGENESS-CHANGING NONLEPTON DECAYS OF THE KAONS, HYPERONS,
AND THE £2 PARTICLE
H.C. Lee and K.B. Winterbon
Can. J. Phys. .60(1982)405
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A HIGH RESOLUTION BREMSSTRAHLUNG MONOCHROMATOR FOR PHOTO-NUCLEAR
EXPERIMENTS
J.W. Knowles, W.F. Mills, R.N. King, G.E. Lee-Whiting, S. Yen,
B.O. Pich, J.C. Kim, T.E. Drake, L.S. Cardman & R.L. Gulbranson
Nucl. Instr. and Methods in Physics Research 193(1982)463
Chapter Title - "HYPERFINE INTERACTION STUDIES IN NUCLEAR
PHYSICS" in the book "HYPERFINE INTERACTIONS OF RADIOACTIVE
NUCLEI
0. Hausser and I.S. Towner
Topics in Physics - Ed. J. Christiansen, Springer-Verlag

Reports
THE SYMMETRIC GROUP AND ITS RELEVANCE TO FERMION PHYSICS
M. Harvey
AECL-7166
ON SCALING DOWN TORFA
G.E. Lee-Whiting
PASS-9-7-R

Lectures
MAGNETIC MOMENTS REVISITED
I.S. Towner and F.C. Khanna
invited paper given by I.S. Towner at the Int. Conf. on "Spin
Excitations in Nuclei" held at Telluride, Colorado, March 25-27,
1982
NUCLEON-NUCLEON SCATTERING IN THE QUARK MODEL
M. Harvey
given at Rutgers University, New York, November 3, 1981
BARYON SPECTROSCOPY AND THE NUCLEON-NUCLEON INTERACTION
M. Harvey
given at University of Minnesota, March 4, 1982
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MATHEMATICS AND COMPUTATION BRANCH
D. McPherson
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5.8

Thermal Hydraulic Modelling for SLOWPOKE-III
Core

5.9

Stress Analysis Programs

5.10

AECL Applicants Data Retrieval System

5.11

Data Reduction Programs

5.12

Multigroup Cross Sections for the Neutronic
Evaluation of Activities in the INRS Irradiation
Facility

5.13

Shapes for RFQ Electrodes

5.14

Miscellaneous Programs

5.15

Operations

5.16

Reports, Publications and Lectures

- 81 -

5.1

Staff
Branch Head:
Section I:

Systems

Section III: Mathematical
Services and Applications

Head:
D. McPherson

Head:
J.M. Blair

Programmer/Analysts :
J.F. Steljes
C.J. Tanner
Programmers:
E.A. Okazaki
M.A. Pet-erson
Section II:

Operations

Head:
B.B. Ostrom
Operations Supervisor:
P. McGandy
Operator Supervisor:
A.A. Laroche
Computer Operators:
K.J. Brown
R. Burton
R. Chinapen
J. Dolling
J.A. Guimond
C M . Hepburn
K.A. Livingston
M.A. MacDonald
J. Mackie
D.A. Mooradian
S. Parr
S. Shannon
M.T. Walker
N.E. Zinck

D. McPherson

Mathematical Analysts:
S.B. Baset
G.H. Keech
W.N. Selander
Programmer/Analysts:
L.E. Evans
(7)
C.A. Wills
P.Y. Wong
Programmers:
M.T. Boulanger
D. ieung
J. Fisher
G.L. Klawitter
E.G. Long
V. Ruddock
D.G. Stewart
Section IV:

(1)
(2)
(3)

(9)

Special Systems

Head:
G.N. Williams
Programmer/Analysts:
M. Shaarani

(4)
(5)
(6)

(8)

Programmers:
R. Roiha
Secretarial Staff
G.J. Bateman
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(1)

Transferred from Chalk River Environmental Authority,duties commenced 1982 March 15.

(2)

Reclassified from temporary status to continuing
employment, effective 1982 February 22.

(..)

Temporary replacement for J. Mackie (see item 5 ) ; duties
commenced 198 2 March 4.

(4)

Transferred to Stores Branch effective 1982 January 11.

(5)

On maternity leave effective 1981 November 3 0 .

(6)

Transferred to General Services Division effective
198 2 January 18.

(7)

Attached half-time from the Office of the Director,
Physics Division.

(8)

Waterloo University Co-op student, joined Branch
198 2 January 6.

(9)

New employee, joined Branch 1982 January 4.
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5.2

CDC 660Q/CYBER 175 System
5.2.1

Operating System

5.2.1.1

REPLACE, REPLACD and DAYFILE
C.J. Tanner

REPLACE, REPLACD and DAYFILE are utilities which
send to one of the NOS machines, either a file to be
catalogued as a indirect access permanent file, a file to
be catalogued as an direct access file, or a job dayfile,
respectively.
A new version of these utilities has been written
and installed.
This version uses FORTRAN 5 and is more
flexible than the old version. The following features have
been added:
(a)

default accounting parameters (user number,
password and charge (branch) code) are taken
from the NOS/BE job card.

(b)

if the permanent file name is not specified,
the NOS/BE job name is used.

5.2.2

Subroutine Libraries

5.2.2.1

AELID Modifications
L.E, Evans and G.L. Klawitter

On 198 2 March 8 and March 22 the existing AELIB
routines POLREG, MLSQQ, VARSIZM, RESET and ROUTE were
modified to resolve minor code problems.
5.2.2.2

New Version of PTREAD
J.F. Steljes

A new version of PTREAD, compatible with both
FORTRAN 4 and FORTRAN 5, is ready for testing.
Its
performance is identical to the standard version, except
that it permits up to nine levels of nested brackets in the
format statement and it accepts leading blanks in the data
stream under all formats.
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5.3

CDC CYBER 170/720 System
5.3.1

Terminal Access to Batch Output
D. McPherson

The present form of the "Network Operating System"
(NOS) used on the 720 does not provide a mechanism for an
interactive terminal to access files in output queues - a
serious deficiency in our configuration since the primary
use of the 720 is the preparation of large jobs for the
6600/175 batch system and examination and manipulation of
output of the batch jobs. A facility to overcome this
deficiency has been developed from a program obtained from
Control Data Canada Limited, and has been installed.
5.3.1.2

Communication Sub-system
B.B. Ostrom and O.K. Baek (Control Data Canada
Limited)

Several errors in the HASP terminal interface, which
were hampering communication between the CRNL and Sheridan
Park 720 's, were identified and corrected.
5.3.1.3

A Message Exchange System
C.J. Tanner

A set of programs which provide for exchange of
"mail" amongst users of the 720 was obtained from Temple
University and installed. Enhancements which will permit
messages to be sent to users on other interconnected
computers (for example, the Sheridan Park 720) have been
devised and are being tested.
5. 4

PDP-10 System
5.4.1

Operating System
R. Roiha

The "USR"
the addition of two
the interruption of
stops the execution
time.

Library on the PDP-10 was modified with
routines, ANYNPT and WAIT. ANYNPT allows
a FORTRAN program by typing a $ and WAIT
of a program for a specified length of

The MINIGRAPH plotting package was modified to use
the Hewlett-Packard Plotter's Enhancements. MINIGRAPH can
now plot a 25 cm x 38 cm graph on the HP, and it can also
plot overhead transparencies with a slower pen speed.
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5.4.2

Applications
R. Roiha

Programs have been written and installed which
list purchase orders (or quotation requisitions) that are
past their due dates.
5.4.3

Burr-Brown Multiplexor
R. Roiha

The Burr-Brown Multiplexor arrived during th?
quarter, and software development is in the initial stages.
5. 5

Neutron Spectrometer Control PLOT Package
G.H. Keech
Work has continued on PLOT program developments. A
program version was created to handle "powder" plots.

5.6

RADCURV
C.A. Wills, J.M. Blair and J. Fisher
A subroutine has been written that will find the
radius and centre of curvature for a set of data. The data
is provided as (x,y) pairs in consecutive order around the
curve. If a second degree polynomial is fitted using least
squares to the data, and no significant coefficient is found
for the quadratic term, the data set is assumed to have no
curvature. In order that an equation of the form

can be fitted, the data is first transformed so that the
first and last points lie along the x-axis. The data is
also centred to ensure a more accurate fit.
An initial guess to the radius R is made from the
fitted quadratic at the midpoint of the transformed x and y
values
R =

(l+(dy/dx) 2 ) 3 / 2
dy/dx

Using this value of the radius and the estimate of the
tangent to the polynomial at the midpoint, an initial
approximation is made to the centre of curvature (h,k).
These estimates are further refined by calling NL2SOL, a
non-linear least squares routine, to fit the equation
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y. = k + V R " - ( x . - h ) '
to the data. The correct sign in the equation is determined
from the original data. Special provision is made in the
code for the case where a data point y. is very close to k
as in this case
2
2
R z - (x i - h ) z
can sometimes be negative at the initial estimates of R, h
and k. The square root term is set to zero if this is
detected.
The subroutine returns the best estimates and
confidence intervals for R, h and k. The subroutine will be
available to users in AELIB.
A similar subroutine has been used to evaluate
residual stresses in bent-beam type stress relaxation
specimens (PR-P-128, AECL-7234, 5.9.3), and this version is
being used to obtain the best fit radius to approximate
lenses for ultrasonic focus beams.
5.7

Demonstration Programs for the Analysis of
Nuclear Physics Data
E.G. Long, R. Roiha, M. Shaarani and G.N. Williams
A set of programs is being prepared to demonstrate
how the Computing Centre facilities might be used to assist
Nuclear Physics Branch in the analysis of experimental data.
A subset of the commands and associated capabilities
provided by the ALLONE program, presently running on the
PDP-10, is being implemented to allow current and old
experimental tapes to be analysed at the Computing Centre.
The status of the ALLONE implementation is as follows:
(a)

user interaction handler - code complete,

(b)

setup and editing of analysis parameters - design
complete, coding in progress,

(c)

analysis of data - coding complete, optimization
yet to be done,

(d)

graphical display of data - initial version of
display routines complete.
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The following associated programs have been prepared:

5.8

(a)

a CDC program to scan and list basic
about the data on a tape,

statistics

(b)

a CDC program to write spectrum data on tape
in a standard format for transmission to the
PDP-10,

(c)

a PDP-10 program to read the standard spectrum
tape and store the data on disc for subsequent
display on the PDP-10,

(d)

a FORTRAN 5 version of the MINIGRAPH graphing
package.

Thermal Hydraulic Modeling for SLOWPOKE-III Core
W.N. Selander
An accurate formula has been devised to represent
the nonuniform axial heat flux in the SLOWPOKE-III reactor.
This formula and a formula for local void fraction
proposed by G.R. Dimmick of Advance Engineering Branch
have
been used to predict local and average void fractions under
general conditions. Comparison with some preliminary results
from the University of Ottawa single-element tests shows some
consistent disagreement between theory and observation.
The
theoretical problem of void formation is being investigated
further, in order to understand this disagreement, and to
provide an improved correlation for the SLOWPOKE-III
analysis.
The same formulas have been used to compare the
average void fraction in uniformly and nonuniformly heated
test sections. The "profile effect" is f c m d to be as much
as + 25% for the results considered.

5.9

Stress Analysis Programs
5.9.1

MARC - General
S.B. Baset and D. Cheung

Several errors were encountered during the testing
of version J2 of MARC. Fixes to these errors plus other
changes we_-e received from MARC Analysis Research Corporation
in 198? March.
It is planned to release the updated version
of MARL-J2 for public use on 1982 April 26.
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5.9.2

TPIPE - General
S.B. Baset and D. Cheung

Version 4.4 of TPIPE was released for public
use on 1982 March 11. Two absolute versions are now available
on the CRNL computer system; one with AELIB PLOT routines and
the other with UNIPLOT routines loaded. It is hoped that this
arrangement will reduce executing times for those users opting
to use UNIPOST post-processor at Engineering Company. The
appropriate version will be chosen automatically, depending
on users' options. The TPIPEPR procedure was also converted
to a system procedure for more protection of TPIPE codes.
5.9.3

STARDYNE - General
S.B. Baset and D. Cheung

A tape containing the absolute version of STARDYNE
(APRIL 01/82 H Level) release was received. This version is
to be installed and made available by 1982 April 10 (the
deadline for the availability of the current SEPT 01/81
G Level version). This version was primarily made available
to us in order to overcome various Record Manager and
programming problems which have caused several jobs to run
into CP time limits unnecessarily.
5.9.4

STARDYNE - PRESTAR
D. Cheung

The PRESTAR program is being tested on the NOS
system as an interactive preprocessing program to prepare
data for the STARDYNE program. It is planned to release
this program for general use in 1982 May.
5.10

AECL Applicants Data Retrieval System
M.T. Boulanger and C.J. Tanner
A computerized data storage and retrieval system
has been designed for the_Employment Office of Corporate
Head Office. Four CYBER Control Language (CCL) procedures
were established on the CDC CYBER 7 20 computer to generate
QUERY UPDATE jobs which process the data file and create
the requested reports. The submitted jobs use FORTRAN 5
routines to report records inserted, modified, or deleted
and to rewrite the selection conditions in the format
required by QUERY UPDATE. All input is entered
interactively.
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5.11

Data Reduction Programs
5.11.1

Data Processing System for Analysis of
Fuel Defect Experiments

5.11.1.1

GRAAS Changes
C.A. Wills and R.D. Delaney (Reactor Loops Branch)

A number of examples were found where the GRAAS
code did not produce a proper fit for a group of peaks. To
correct these specific problems three changes were made. The
minimum allowable width for a peak was changed from a
standard deviation of two channels to a FWHM ( ;ull width at
half maximum) of one channel. The calculation of the background was modified for low energy peaks close to the
beginning 6f the spectrum where the spectrometer does not
properly accumulate the counts. An error in the code was
corrected for high energy peaks where one or more channels
contain 0 counts.
5.11.1.2

SUMRT Changes
C.A. Wills and R.D. Delaney (Reactor Loops Branch)

Tape output is now available from SUMRT. The user
selects one of two formats. The first is the format used by
the old version of SUMRT and produces a tape suitable for
input to the Reactor Loops Branch's programs such as
COPPREPLUS. The second format is more useful for further
analysis of small selected data sets.
A window parameter has been introduced. Previously
an input energy and spectrum peak mean were considered
matched if they were within + 2 keV. Now this value can be
set by the user, although the default remains at 2. A warning
message is also printed if two or more spectrum peaks fall
within the specified window of an input energy. In this case,
the more intense peak of the lowest two energies is matched to
the input energy.
Times when degassing and ion exchange were turned
on and off are now identified as discontinuities in the
concentration data. Degassing may now be done up to 100 times
during the course of an experiment.
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5.11.2

Rupture Strain of Zircaloy Cladding in Steam
C.A. Wills, J.M. Blair and S. Sagat (Fuel Engineering
Branch)

Errors in the original data used and some new data
have changed the best fitting equation for the strain
.data reported in PR-F-132, AECL-7605, 5.9.3. The new equation
has the same form but is now defined as
ta-1130.99 + 0. 0000506518 (T-1130. 99)3J ( 0. 00016647 9-° ' ° ^ 5 6 8 1 3 )

(o.326529

+ 0 . 1 1 8 1 7 6 costo + 0 . 1 4 8 5 6 3 c o s 8co - 1.00638 c o s

where e is strain
H is heat rate in K/s
u) = 0.00224865 T
T is temperature in K
5.12

Multigroup Cross Sections for the Neutronic Evaluation
of Activities in the INRS Irradiation Facility
P.Y. Wong and S.A. Kushneriuk (Theoretical Physics Branch)
See PR-P-133, AECL-7683, 4.2.

5.13

Shapes for RFQ Electrodes
G.L. Klawitter and G.E. Lee-Whiting (Theoretical Physics
Branch)
See PR-P-133, AECL-7683, 4.13.

5.14

Miscellaneous Programs
5.14.1

SPITBOL Applications Programs

5.14.1.1

Keyword-out-of-Context Program (KWOC)
G.H. Keech

Corrections were made in KWOC to improve end-ofentry character processing for records.

|
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5.14.1.2

TIDY
G.H. Keech

Corrections were made in TIDY so that blanks from
Hollerith constants included in FORTRAN PRINT statements are
not dropped.
5.14.2

Translation Assistance for Oak Ridge Program WMIN
G.H. Keech

Assistance has been provided to B. Powell (Neutron
and Solid State Physics Branch) in creating CRNL files for
the Oak Ridge computer program WMIN. Currently, we are in
the midst of the program modifications needed to compile the
source code under FORTRAN 5.
5.15 Operations
5.15.1

Building Services
B.B. Ostrom and P. McGandy

During the period annual maintenance was performed
on all systems that support the Computing Centre. A back-up
compressor unit was installed on the 15 ton A/C unit in
Room 04, the 48 0 to 120/208 volt transformer core was
installed in Room 18, increasing the capacity of the 60
hertz computer power distribution system to 225 kVA.
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5.15.2

Computer Use by Division

The following table is an analysis of the jobs
processed during the quarter:
Number of Jobs
Corporate Head Office
1172
Radiochemical Company
317
Chemical Company
535
Engineering Company
31707
WNRE
2513
CRNL:
Computing Centre
29593
Contracts •
1667
Technical Information
& University Relations
539
Health Sciences
4084
Chemistry & Materials
3703
Physics
7181
Electronics, Instrumentation
& Control
1415
Advanced Projects
& Reactor Physics
17097
Fuels & Materials
15560
Administration
929
Finance
2391
Operations
3522
Maintenance &
Construction
62
General Services
50
Plant Design
634
Special Projects
3505
Environmental Authority
0
Commercial Operations
144
others
10
128330

Utilization
System Seconds

(0 .91%)
(0 .25%)
(0 .42%)
(24 .71%)
(1 .96%)

39726
1287
4615
2060893
123675

(0 .83%)
(0 .03%)
(0 .10%)
(43 .20%)
(2 .59%)

(23 .06%)
(1 .30%)

390465
36609

(8 .18%)
(0 .77%)

(0,.42%)
(3..18%)
(2..89%)
(5..60%)

14549
131115
206525
309851

(0 .30%)
(2 .75%)
(4 .33%)
(6 .50%)

(1..10%)

77894

(1 .63%)

(13..32%)
(12.,12%)
(0.,72%)
(1..86%)
(2..74%)

525167
345952
7227
82603
167735

(11 .01%)
(7 .25%)
(0 .15%)
(1 .73%)
(3 .52%)

(0. 05%)
(0. 04%)
(0. 49%)
(2. 73%)
(0. 00%)
(0. 11%)
(0. 00%)

64
3986
9548
230054
54
785
199

(0 .00%)
(0 .08%)
(0 .20%)
(4 .82%)
(0 .00%)
(0 .02%)
(0 .00%)

4770578
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5.16

Reports, Publications and Lectures
Reports
AECL-7424, FISSILE FUEL BREEDING IN DT FUSION REACTOR
BLANKETS
S.A. Kushneriuk and P.Y. Wong
1981 November
AECL-7 616, PROGRAM FOR ANALYZING POWER BOOST TESTS
C.A. Wills
198 2 February
COMPUTING CENTRE NEWSLETTER, Vol. 9, Nos. 1, 2 and 3
E.A. Okazaki, Editor
Lectures
INTRODUCTION TO FORTRAN 77
D.G. Stewart
Algonquin College of Applied Arts and Technology, Continuing
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Waterloo Student, arrived 1982 January 04.
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6.2

Nuclear Power Applications

6.2.1

High Current Proton Accelerator
S.O. Schriber
Design and development continues of components for a
high current 100% duty factor proton linac that will be used to
study problems associated with the low energy portion of an
electronuclear breeder. Design studies of an improved Alvarez
structure (output energy 2.6 MeV) and an RFQ structure that
will provide information for the design of a 10 MeV, 300 mA
proton accelerator are underway.
6.2.1.1

Ion Source and Injector Development
M.R. Shubaly and M.S. de Jong

6.2.1.1.1

Test Facilities

The controller for the high-voltage power supply on
the Ion Source Test Stand will no longer properly regulate the
output voltage. A new controller with provision for computer
control is being designed.
A water-cooled "pepper-pot" plate is being installed
in the proton line on the Injector Test Experiment downstream
of the 60" bending magnet to permit emittance measurements on
high-current beams. The emittance of the beam after being
transmitted through the bending magnet, solenoids and apertures will be compared with the emittance measured directly
from the source.
6.2.1.1.2

High Current Ion Source

Development of a plasma generator incorporating a
ring-cusp confinement space in the reflex region of a
duoPIGatron is currently underway. This generator provides a
higher proton fraction (60-65% protons from 200 mA total with
three apertures) than either the simple or the axial-cusp.
duoPIGatron, and has a much higher arc efficiency than thj
axial-cusp generator. Optimization of the magnetic circuit and
the internal geometry is in progress.
Development of the axial-cusp plasma generator is
continuing. Comparison of two sources with different internal
diameters shows that for a given arc power, the current density
varies inversely as the area enclosed by the cusp in contrast
to what has been observed at other laboratories.
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6.2.1.1.3

Injector Development

Studies of the ion species separation and beam
transport region between the ion source and RFQ accelerating
structure are presently underway. Accuracy of the simulation
(using TRANSOPTR) is uncertain because space charge effects are
not included in the code. Even with this limitation, no satisfactory design has been found.
A plasma-bridge neutralizer is being considered that
will permit lower pressures, and thus reduce charge-exchange
loss, in the injector. Diffusion pumps are the only cost
effective means to provide the large pumping capacity required.
Means to reduce oil contamination are being studied.
6.2.1.1.4

Injector Control and Diagnostics

Development of an 8086-based computer system for control of beam-light diagnostic equipment continues. LTUG-86, a
monitor program, has been used for initial testing of the
microcomputer system. A CP/M-86 operating system, which will
simplify program development, has been ordered. Use of a beamlight monitor to measure beam energy spread is being considered.
Development of a control computer to automate
injector and test stand operation is underway. Two prototype
systems are being used for hardware and software development.
Both systems feature 8085 processors, multi-level vectored
interrupts, dual cassette storage units and real-time clock
calendars. An operating system has been developed with many
machine language operating routines.
6.2.1.2

Code Development

6.2.1.2.1

Linac Design Codes
D.G. Chidley and G.E. McMichael

A number of codes were obtained fr -m other laboratories and were modified to run on ithe CRNL computer system.
These include CHARG3D and VANCURV ".hat were obtained from LANL
and a group of linac design and beam dynamics codes (CLAS,
GENLIN, ADAPT, MAPRO and MOTION) from KfK, Germany that K.
Dlittag helped to install during a visit in March.
CHARG3D is a three-dimensional electrostatics code
with special routines for radio-frequency quadrupole (RFQ) vane
geometries. It is being used to calculate peak surface fields
and electric field components in the beam region for various
RFQ vane shapes, to find a vane design that will minimize the
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field enhancement factor for modulated vanes (see PR-P-132,
6.2.1.4.1; AECL-7605). An interactive program, C3DIN, to
generate input for CHARG3D has been written.
VANCURV is a code to aid RFQ vane design by estimating maximum electric fields using a simple approximation
derived from the much slower program CHARG3D.
CLAS, GENLIN, ADAPT and MAPRO are a set of drift tube
linac (DTL) design and beam dynamics codes that have been used
extensively at CERN and other European laboratories. Recently,
K. Mittag modified and installed some improvements to these
codes and helped modify the codes to run on our CDC computers.
CLAS, GEtlLIN and MAPRO provide an independent check on our
SUPERFISH and PARMILA calculations for DTL's. The ADAPT code
promises to be extremely useful for the ZEBRA design. It uses
envelope equations to calculate matching input emittance
parameters and quadrupole gradients to give specific DTL transverse tunes.
Previously these quantities were determined by
graphical means and searches based on many PARMILA runs. The
fear coa-..:s have been checked, both with test data from KfK and
with representative ZEBRA data. A set of Cyber Control
Language procedures have been written to drive them.
MOTION follows particles in the low energy regime
through various elements (quadrupole lenses, solenoidal lenses,
buncher gaps, etc.) and includes space charge effects. Because
MOTION uses numerical integration and a true 3D space charge
evaluation, it should be more accurate than. PARMILA in the low
energy regime. The only drawback is that the code is very slow
so it wi11 only be used to check the accuracy of approximations
used in other codes. Particle coordinates are calculated as a
function of time and the techniques used may be adaptable to
improvements in PARMTEQ. The program was translated and a test
case was run at CRNL.
6.2.1.2.2

SUPERFIS1I
S.O. Schriber

Modifications were made to SUPERFISH to provide a
different set of transit time factors as required by the CERN
beam dynamics codes recently installed on the CRNL computing
system.
Work on a temperature post-processor code for
SUPERFISH is almost complete. A user's guide is being prepared
by R.F. Holsinger of Fields Effects Inc. The mesh generator
was modified to allow the determination of temperatures in
metal regions based on rf power losses to cavity walls.
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Different boundary conditions, different metals and a radial
variation of the thermal conductivity coefficient have been
included. Figure G.2.1 shows isotherms for a shaped cavity
that agree very well with results from an old temperature
distribution code, CAVE, developed by J. Griffiths (private
communication, CRNL, 1970) that required separate mesh
generation and a reordering of output from an old rf cavity
code LALA.
6.2.1.2.3

General
J.D. Hepburn

The microprocessor-controlled bead puller has been
used extensively for Alvarez model tank studies. A real-time
clock was installed and several modifications to software were
made at user's requests.
Regular use of the microprocessor development station
continued. Several operating system updates were received and
installed. Some problems have been encountered in 8085 incircuit emulator operation; inconsistencies in clock operation
and memory usage have occurred when the emulator is connected
to a CRNL-designed 8085 system that runs properly on its own.
Discussions on this problem continue with Hewlett-Packard.
6.2.1.3

High Current Test Facility

This facility was built to study acceleration of 100%
duty cycle proton beams to energies up to 3 HeV with currents
in excess of several mA.
6.2.1.3.1

Rf Systems
J.J. Crown

Following modifications to the liquid freon filament
cooling system and cleaning of its heat exchanger, the system
was commissioned and returnc 1 to service. A new tube bundle
was ordered to replace the existing bundle that is near end of
life because of corrosion. The new design is shorter to avoid
removal of much of the resonant load north shielding wall as
required for the present exchanger design.
The 150 W intermediate amplifier stage was modified
to correct problems with the grid bias power supply.

o
o

Fig. 6.2.1

Fifty temperature isotherms from 29.9°C to 55.9°C for a 805 MHz shaped
cavity with copper walls and an average axial electric field of 1.2 MV/m
calculated by the SUPERFISH post-processor code. The outer cylindrical
temperature was fixed at 29.4°C and the highest temperature on the
extended nose was 56.4°C.
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6.2.1.3.2

Alvarez Tank
R.M. flutcheon and J. Ungrin

Welding problems were experienced by the outside
vendor on the aluminum vacuum components for the energy
analyzing magnet system. Completed components were received in
mid-March and have been aligned and assembled on the linac
output beam line. Mott seals (F. Middleton, IEEE Trans. Nucl.
Sci., NS-28 f 3298 (1981)) v/ere used on the aluminum beam line
to make vacuum transitions to stainless steel conflat flanges.
The seals have been found to work very effectively.
Operation of the tank with the beam energy analyzing
system has been delayed due to problems with the injector high
voltage dome cooling water system.
6.2.1.A

Zero Energy Breeder Accelerator (ZEBRA)
J.C. Brown, B.G. Chidley, R.M. Hutcheon,
G.E. McMichael, S.O. Schriber, M.R. Shubaly
and J. Ungrin and R.B. Turner (Engineering
Research Branch)

ZEBRA is a 10 MeV, 300 raA cw proton linac, now in the
conceptual design stage. A number of pre-ZEBRA experiments are
in progress.
6.2.1.4.1

Radio-Frequency Quadrupole

Measurements continue on two 500 MHz four-vane RFQ
cavities built from 57S aluminum with provisions for changing
vanes and adjusting the end wall. Measurements on rf dipoles
are underway to obtain a better understanding of the
characteristics of the rf quadrupole.
(a)

Rf Dipole Studies

An RFQ resonator can be viewed as a terminated length
of heavily loaded waveguide operating in a frequency domain
just above and below cutoff for the quadrupole waveguide mode•
A simple 1220 mm long rf dipole model was assembled (Fig. 6.2.2
(a)) with the option of end terminations (tuners) as shown in
Fig. 6.2.2 (b) to study a cutoff waveguide configuration. The
ridge loaded waveguide was adjusted until the magnetic field in
the lowest mode was constant to within ± 0.1 dB over 75% of the
tube length.
Field measurements on the effects of local inductive
and capacitive perturbations agree well with predictions of a
simple lumped circuit model.
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Fig. 6.2.2 (a)

Fig. 6.2.2 (b)

A simple rf cold test model of a 1220 mm
long 6 60 MHz rf dipole used to study the
cutoff waveguide configuration with open
end termination. Unloaded Q was % 1000

The resonant end tuner configuration used
to terminate the rf dipole. An unloaded
Q of 5000 was measured for the RFD with
these end tuners.
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End tuners were placed on both ends of the tubes and
longitudinal field distributions were measured as a function of
end tuner capacitive gap (Fig. 6.2.3). Conclusions from these
measurements are:
(a)

There is a particular end tuner gap (i.e., end tuner
capacitance) at which frequency and flatness are
unchanged from the bare tube configuration. (Note,
however, that the Q increased from 1000 to 5000.)

(b)

System frequency is inversely proportional to tuner
capacitance.

(c)

An increase in end tuner capacitance increases
fields at tube ends relative to the centre.

Adjustment of field tilt with end tuners is
straightforward, but understanding their action is less so.
The tuner can be viewed as a simple LC resonator that is
capacitively coupled to the waveguide capacitive gap. To
determine v/hether the end tuner influence depends upon its
resonant frequency or its effective impedance, a second tuner
was made with a larger diameter (larger inductance). The gap
spacing (and hence capacitance) was determined at which the
tuner had no influence on the tube field tilt. The free
standing (not attached to tubes) frequencies of the different
tuners were 635 and 602 MHz, compared with a system frequency
of 666 MHz. However, the reactive impedance of both tuners was
-7400 ± 400 ohms (capacitive) at the tube frequency suggesting that the end tuner acts as e terminating impedance
for the waveguide resonator.
(b)

Rf Quadrupole Studies

As demonstrated in the rf dipole studies, end
terminations have a large influence on the fields in a
waveguide resonator. In the four vane loaded waveguide, end
terminations affect the azimuthal as well as longitudinal field
distributions. One can envisage different termination schemes,
which in fact change the magnetic field topology at the tube
ends. With the type of termination developed at L/.NL the
longitudinal magnetic field leaves one quadrant, divides
exactly in half, and each half returns through the adjacent two
quadrants. The division of flux and hence the quadrant
symmetry is determined by the tuning of the eight end tuner
plungers.
Other confijurations avoid the division of magnetic
fJux, reduce the number of end tuners to four, provide
mechanical support for half of the vane ends, increase the
dipole-quadrupole mode separations, and make it possible to
stack multiple RFQ tanks, one after another. The first of
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Measurements of the longitudinal field tilt in
the 660 MHz dipole resonator terminated with
end tuners. The two tuner gaps were kept equal.
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these configurations, referred to as the staggered vane model
(Fig. 6.2.4), has a magnetic field pattern the same as that of
a toroid. A second configuration, the double dipole, consists
of two adjacent dipoles, each v/ith an independent closed
magnetic field loop (Fig. 6.2.5). Both configurations were
investigated at 580 MHz on a low power model with 7 nur mean
aperture and 6.4 mm vane tip radius. Detailed measurements of
field stability and tuning capability have not been completed,
but both systems appear to be practical options. Quadrant
symmetry was easily achieved in both cases. Mode spectra are
easily understood and agree with simple theory. The double
dipole configuration has only one lowest order dipole mode, as
expected, and the dipole-quadrupole frequency separation (31
MHz) indicates a 5.4% electric coupling constant.
Table 6.2.1 lists parameters for a 270 MHz four vane
RFQ geometry normalized to 100 kV on the pole tip.
Representative values for different bore hole radii are given
for geometries that have the pole tip radius equal to that of
the bore hole radius. The values are representative (within
10%) for most geometries that might be considered (from square
to circular quadrants). At the bottom of the table, scaling
factors are listed as a function of frequency for normalizing
vanes to 100 kV on the pole tips or for normalizing the results
to a fixed surface field in MV/m.
GUPERFISH calculations on four quadrant geometries
have shown that the tolerances listed in Table 6.2.2 must be
met to obtain quadrant fields equal within 5% of each other.
Tolerances are normalized to the outer radius of the RFQ
geometry to make the data frequency independent.
For a 108 MHz RFQ with bore hole radius of 1.75 cm
and outer radius of 33 cm, tolerances that must be met for displacement, outer radius, tip position, thickness and alignment
are 0.017 cm, 0.056 cm, 0.020 cm, 0.043 cm and 0.2 cm,
respectively, to ensure that fields in the quadrants are within
5% of each other in an unterminated system.
Brazing work on the sparker has been delayed because
the large furnace in Building 429 was not available for most of
the quarter. Reinforcing stays have now been brazed onto the
four side-plate assemblies. Machining has been completed on
the vanes and the rf loop is partially assembled.
6.2.1.4.2

Two Beta Lambda Alvarez Tank (2BLAT)

Preliminary design for 2BLAT was based on a 14 cell
tank with drift tube bore holes of 1.5 cm diameter and an input
energy of 0.6 MeV. Output energy was 2.6 MeV and the rf power
required was ^ 150 kW.
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Table 6 . 2 . 1
Bore Hole
Radius

Outer
Radius

(cm)

(cm)

0.1
0.2
0.5
1.0

10.5
11.0
12.0
13.5

Quality
Eactor,
Q

270 MHz RPQParameters

Maximum
Stored Energy
Pole Surface
per u n i t
Field
length
(MV/m)
(J/m)

12000
12500
13000
14000

140
60
27
14

Power Dissipated
per u n i t
length
(kW/m)

1
0.7
0.6
0.5

Frequency Separation
CXiadiTupole-Dipole
(MHz)

140
90
75
65

10
13
16
20

Scaling (100 kV)
-l/2

F3/2

f°

i
M
O

Scaling (MV/m)
£ -l/2

—2

f°

Table 6.2.2
Pore Radius/Outer Radius
A(vane displacement)/outer radius
A(outer radius)/outer radius
A(vane t i p position)/outer radius
A(vane thickness)/outer radius
A(vane alignment)/outer radius

f-1/2

1

RPQ Tolerances

0.023

0.031

0.046

0.098

0.154

0.00045
0.0016
0.00034
0.00058
0.0064

0.00046
0.0016
0.00051
0.00080
0.0060

0.00051
0.0017
0.00060
0.0013
0.0060

0.0010
0.0020
0.0012
0.0038
0.0058

0.0014
0.0018
0.0015
0.022
0.0059
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Recently, several developments have led to a
re-examination of the tank design. The major change proposed
is the use of a 600 keV RFQ as injector to eventually replace
the dc electrostatic column and buncher. The consequences of
this change on the available rf power and on the drift tube
bore size are being investigated. SUPERFISH and PARMILA runs
for a tank with the beam bore hole radius increased from 0.75
to 1.1 cm show that a 50% increase in beam bore hole size could
be obtained without increasing the tank size or rf power
requirements if the output energy is reduced from 2.6 to 2.2
MeV. This reduction in energy would have the further advantage
of removing any requirement for neutron shielding because the
final energy would be below the threshold for neutron
production by protons on copper.
Calculations on the intensity of residual radiation
fields along the ZEBRA drift tube tanks show that losses of
beam > 5 MeV into copper must be kept below 5 uA to avoid the
need for remote handling. The major source of residual
activity is 65z n (t-jy2 = 2 4 4 d ) formed in the
65cu(p,n)65zn reaction. This activity can be avoided
if the lost beam is intercepted by material other than copper.
Graphite inserts in the drift-tube bore holes are being
considered to reduce neutron production and residual activity
along the linac. The 2BLAT drift tubes are being designed to
test chis concept.
Both the outer rf cavity shell and the drift tubes
for 2BLAT were originally designed to be made of copper.
Residual activity in the ZEBRA tank cavities can be reduced by
changing to • opper-plated aluminum. Use of this construction
technique is being examined for the 2DLAT tank.
Field stabilization measurements continue on the 22
cell, 50 cm diameter, aluminum Alvarez model tank. The
original measurements on this tank were made with 98 mm
diameter drift tubes. A new set of 75 mm diameter drift tubes
were installed and field stabilization measurements were
repeated. Tilt stability to < 1%/MHz was again achieved for
the three post coupler geometries previously reported (J.
Ungrin et al., Proc. 1981 Linear Accel. Conf*. LA-9234-C, 183
(1981)) but surprisingly, the drift-tube-to-post-coupler gaps
were larger with the smaller drift tubes. Whereas with the 98
mm diameter drift tubes stability was found at gaps of 26 mm,
34 mm and 56 mm (corresponding to post couplers with no tabs,
small tabs, and large tabs), with the smaller drift tubes the
corresponding gap settings were 47 mm, 58 mm and 78 mm. On the
basis of the measurement of gap increase with post coupler
area, a decrease in gap size was expected. Vhe drift tubes
have been decreased to 57 mm in diameter and new stabilization
measurements have begun.
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6.2.1.4.3

Resonant Load

The resonant load will be housed in a shielded room.
Based on experience with the cw Alvarez tank radiation fields,
30 cm thick concrete walls will be used. Removable lead-lined
wooden panels will be used for the roof. A work order has been
issued for the construction of the room.
Cracks in a large weld appeared in the resonant tank
structure during final machining. This weld was successfully
repaired and fabrication of the tank was completed in
mid-March. Nearly all the welds in this aluminum tank have
required repairs because sections are thick and difficult to
weld. The tank has now been positioned in Bldg. 610 and the
hook-up of services is in progress.
Components for the resonant load tuner have been
fabricated but no: assembled.
Installation of the river water cooling system has
started. Prefabrication of distribution headers and piping
sub-assemblies is well advanci and system assembly is expected
to start mid-April after the tank is fastened to the floor.
The four channels of the temperature control unit
have been calibrated completing instrument unit preparations.
Preparations for wiring and cabling have been completed with
installation of the cable tray extensions to the cabinet
housing the instrumentation.
The 230 mm transmission line components have been
received and the support stands excepting the roller assemblies
have been fabricated. The latter will be ready about mid-April
when installation is expected to begin.
6.2.1.4.4

Control System

Languages for system programming and for the operator
interface are being evaluated as are individual operating
systems, network systems and protocols. One operating system,
CP/M-86, has been ordered for further evaluation. A
preliminary specification for an injector controller is in
preparation.
6.2.1.4.5

c

The building layout for ZEBRA has been examined for
both a below ground and an above ground arrangement. For
reasons associated with possible sites the above ground
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arrangement is preferred. The main hall is approximately 50 m
x 70 m x 15 m high with a mezzanine along two sides.
Brazing and copper plating suppliers were contacted
and our requirements appear reasonable. Further interactions
are required to perform initial small sample tests and to
assess the suitability of the techniques for large structures.
6.2.1.5

Coupled-Cavity Structures

6.2.1.5.1

Electron Gun
J.D. Hepburn

The electron gun with 90° electrostatic inflector for
a double pass linac was installed and commissioned on the
emittance measuring unit. Results showed that:
(1)

The transverse emittances in and out of the plane oi
the bend were comparable, and generally less than the
50 TT mm mrad required by the double pass accelerator.

(2)

Variations in cathode-to-Wehnelt bias did allow some
control of emittance ellipse orientation, but the
range was less than hoped for. (It is almost certain
that space charge dominates the ion optics.)

(3)

Operation of a gap lens at the exit of the 90° bend
gave reduced measured emittances, indicating that there
are still beam-correlated artifacts in the emittance
measurements and that the gap lens does not add
significantly to emittance.

Extensive modifications to the emittance data analysis program
were made to allow several emittance runs to be analyzed
consecutively. This simplifies and speeds up the data analysis
and greatly reduces the number of computer files required.
6.2.2

Electron Test Accelerator
J. McKeown
This accelerator is used for accelerator physics
studies with coupled-cavity structures at high average beam
current and heavy beam loading. During the past 12 months the
accelerator has been shut down while the shielded tunnel was
enlarged to improve facilities for user groups and to extend
the range of accelerator experiments. Full operation is
expected during the next period.

T. Ill -

6.2.2.1

Accelerator Extension and Commissioning
J. McKeown, K.C.D. Chan and J.-P. Labrie

During the period all construction work on the tunnel
was completed. Air conditioning ducts and other services for
the accelerator structures were installed. The waste water
target and the beam transport were in place towards the end of
the period.
A major reconfiguration of the service interlock and
control system was undertaken in the control room during the
shutdown. The purpose was to improve reliability, provide for
three structure operation and enable the computer to assume a
more prominent role in machine operation. These tasks delayed
start-up and beam operation was resumed three days before the
end of the period. A current of 300 M A reached the zero degree
beam dump representing 50% transmission. Turning on the first
dipole of the DQD achromatic bend allowed 10 yA to reach the
high power slits and 2 pA reached the 45° beam dump through the
unpowered quadrupole and second dipole.
6.2.2.2

Injection Beam Dynamics
K.C.D, Chan, K.M. Parks and J.-P. Labrie

The mechanical construction of the pulsed electron
gun is well underway.
In a continuing effort to understand the injection
beam dynamics, the SLAC computer code, GUN5, w:s used to study
the dc electron gun presently employed in ETA. The space
charge limited currents at 5, 7 and 9 kV grid voli. ^ge are,
respectively,94, 154 and 224 mA, giving a perveance of 0.264
liA/V for the grid-cathode arrangement. Our typical operating
conditions are 20 to 30 mA, 85 kV anode voltage and 5 kV grid
voltage, hence we are well below the space charge limit. For
these conditions, the calculated beam has a width of 0.96 mm
and a divergence of 8.2 mrad at the output of the gun.
The PARMELA code was used to study the transport of
this beam through two gap lenses and a buncher (operating at
full power of 50 watts) up to the entrance of Model 4. The
calculated bunching efficiencies and bunching distances into
various bunch widths were calculated and are shown in Table
6.2.3.

- 112 -

Table

Bunch Width
(degree phase)
10.8
32.4
50.4
82.8

6.2.3

Optimum
Bunching Distance

Bunching

Efficiency

(m)
1.0
1.27
1. 49
1.61

36.6
55.4
62.9
69.8

Bunching efficiencies are not sensitive to the focusing of gap
lenses positioned in the drift space. The acceptance of Model
4 is about 6 0° and we conclude that the buncher should be
located 1.5 m upstream of the entrance to Model 4.
The electric field distributions in the beam aperture
region of a new buncher cavity were measured with a dielectric
bead. Measurements were made at 803.7 MHz and 806.9 MHz
corresponding, respectively, to the plunger being fully retracted
and fully inserted.
Results show that the nose cone area of
the cavity provides sufficient loading that the longitudinal
electric field distributions both on-axis and off-axis (12.7 mm
from symmetry axis) ace not depe dent on the cavity's resonant
frequency.
The longitudinal on-a/.is electric field
distribution agrees very well w:•
SUPERFISH predictions.
The VSWR, Q and shunt
pedance of the cavity were
measured as a function of the r<
nant frequency.
It was found
thav if the cavity is critically -oupled at 803.7 MHz, its VSWR
increases by 30% at 806.9 MHz anc the cavity is then undercoupled.
Further, its Q and shunt impedance are both reduced
by 25% for the same frequency shift.
If not corrected, these variations in the VSWR and
shunt impedance with the plunger's position would produce a 20%
variation in the optimum drift space for maximum bunching
efficiency.
A feedback control loop is therefore required to
control the field amplitude in the buncher cavity.

The measured Q and shunt impedance vary with
frequency but between 803.7 and 805.0 MHz, this dependence is
slow and the average values are 16,100 and 28 Mfi/m. The
measured Q value for the buncher cavity and Model 5 are both
28.5% less than predicted by SUPERFISII. The Mainz on-axis
coupled linac structure, which is scaled from Model 5 for a
resonant frequency of 2.45 GHz, has a measured Q which is only
3.4% less than SUPERFISH predictions. Different methods of
cavity machining and assembly are being considered to improve
the observed Q of our L band cavities.
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6.2.2.3

Cavity Temperature Studies
J. McKeov/n

Mathematical modeling of cavities dissipating
sufficient power to cause dimensional changes leading to
detuning continued during the period using the CRNL finite
element code MARC. Figure 6.2.6 shows the distortion of the
Model 5 pancake structure when dissipating a power of 20 kW in
each cell. The displacements in the figure have been increased
by a factor of 50 to show the trend when the point of radial
and axial constraint is a point on the beam aperture. The
frequency shifts are of the proper sign, but before quantitative
agreement with experiment can be achieved, further work is
necessary to determine how constraints can be introduced to
accurately .represent a multi-cell structure.
Figure 6.2.7 shows the temperature distribution in
the coaxial coupled structure proposed for the Montreal
microtron when the structure is excited at a field gradient of
1 MV/m.
A series of computer runs was carried out to
determine the temperature at the cell nose cone as a function
of the web thickness without radial cooling. The results show
that a temperature of 146°C is reached with a web thickness of
4 mm. Although a larger thickness will decrease the
temperature it will also result in a lower shunt impedance.
The optimum thickness is influenced by other considerations
such as mechanical stability, vacuum outgassing, surface
resistivity increases with temperature and the facility for
radial cooling. Some of these effects are not calculable and
an experiment to investigate radial cooling in small cavities
is being considered.
6.2.2.4

Beam-Cavity Interactions
J.-P. Labrie and J. McKeown

The amplitude of the T M 1 1 0 mode excited by the
passage of an off-axis beam in an accelerating cavity was
calculated as a function of the beam pulse length.
Calculations were made for both fundamental (805 MHz) and third
harmonic (2.415 GHz) cavities, assuming 5-shaped individual
beam bunches, and for a cosine amplitude variation along the
beam pulse train. Results are shown in Fig. 6.2.8 and the
following observations are made.
(i)

The amplitude of a mode excited by the passage of a beam
bunch \s proportional to the charge of the bunch, the
mod • frequency and the ratio ZT2/Q of the mode. Since
thi ratio is proportional to the mode frequency, there
will be a factor of approximately 9 between the
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CELL DISTORTION WITHOUT RADIAL COOLING

PLANE OF
LONGITUDINAL
CONSTRAINT

ZERO POWER
2 0 kW/cell (x50)

NOSE CONE
EXPANSION
POINT OF
LONGITUDINAL
AND RADIAL
CONSTRAINT
Fig.

6.2.6

The distortion of the Model 5 structure with a power
dissipation of 20 kW/cell and with circumferential
cooling only. The smooth curve is at zero power while
the dashed curve shows displacements have been scaled
by a factor of 50 to demonstrate the effect. Longitudinal and radial constraints have been imposed at
one point on-axis and longitudinal constraints at
the /2 cell point on the circumference.
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COAXIAL STRUCTURE, I MeV/m, 2.45 GHz

WATER 32°C

POWER (W/cm*)

1 IO°C

Fig.

6.2.7

IOO°C

Temperature distributions in a 2.45 GHz cavity
excited at 1 MV/m with circumferential cooling
only.
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amplitude of the mode excited in a third harmonic cavity
and the amplitude of the equivalent mode excited in the
fundamental cavity. This factor of 9 is seen in Fig.
6.2.0 for a pulse width smaller than 1.24 ns which
corresponds to the passage of one bunch and should be
found for all modes.
(ii)

The frequency of the T M 1 1 0 mode in this cavity is
1.69 times the frequency of the T M Q I O mode. For
third harmonic cavities, the T M - Q Q mode is almost
the fifth harmonic (5.07) of the beam frequency and the
excitation by successive bunches will almost add in
phase. Decause the T M ^ I Q mode is not exactly the
fifth harmonic as shown in Fig. 6.2.8, a modulation in
the mode's amplitude will occur at a frequency of 56
MHz.-

As beam blowup is the greatest concern in microtrons
it is proposed to study this effect by building two copper
structures, one of the on-axis and the other of the coaxial
type at 2.415 GHz for beam tests. The discussion above
indicates that the structures will be about an order of
magnitude more sensitive than experiments carried out at the
fundamental. Each structure will consist of a coupling cell
terminated by two half accelerating cells.
Mechanical considerations will be a very important
part of the experiment with the above copper structures as the
practicability of providing radial cooling in small structures
has yet to be proved. Cooling in each structure will be
arranged differently. The coaxial structure will have cooling
similar to that used at CERN where the design avoids a water to
vacuum joint. The on-axis structure will be cooled in a
similar manner to our Model 5 structure. A compromise must be
reached between the desire to have a thin web to increase shunt
impedance and sufficient web thickness to get adequate cooling.
This is not calculable and will be different for the two
structures. The experiments will test our design concepts for
the cooling of high power structures at this frequency.
Beam tests will be performed after the 90° bend with
beam pulses from the pulsed gun presently under construction at
CRML.
6.2.2.5

ETACON Reconfiguration
K.C.D. Chan and J.-P. Labrie

All programs required for beam operation have been
modified and re-established to accommodate the digital and
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analog I/O reconfiguration. Most of these programs have been
tested under accelerator operation. Less important programs
and other programs in various stages of development are yet to
be modified to reflect the new I/O configuration.
The new analog input multiplexer has been installed
and is fully operational under the new I/O expander. All
software and hardware pertaining to the 8-line interrupt
digital input has been permanently removed from the system.
The digital-to-analog moduJe has been commissioned
and the program to operate it has been written. The program
will read data from up to eight analog lines simultaneously and
convert these data into analog signals for driving various
displays, e.g., pen recorders to show trends of these data.
The program occupies a core size of 3 K compared to 18 K of the
program PLOTS which is presently used for the same purpose.
The program is designed to represent signals of various
polarities and magnitude ranges efficiently.
6.3

Research Applications

6.3.1

Fast Intense Neutron Source
J.D. Hepburn
Assistance was given to the Health Physics Branch on
maintenance of a 4 x 1012 n/s, 14 HeV neutron source.
During a routine system test prior to use of FINS for
a commercial contract, high voltage sparking in the
SFg-fjHed cable occurred. Checks showed that a Lucite
spacer that isolates the cable gas volume from the main
pressure vessel had tracked over. The spacer was moved to a
stress-free region and will be removed at the next opportunity.
(The spacer was installed to preserve voltage conditioning of
the cable at a time when the vessel was frequently being
opened. The system is rarely opened now, so the spacer can be
removed.) Subsequent operation for the contract proved to be
very stable with no machine trips during the several runs of
several hours.
System vacuum has gradually been getting worse. No
leaks were found but good vacuum was obtained by pumping with
the leak detector. This improvement was attributed to removal
of accumulated helium.
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6.3.2

Heavy-Ion Superconducting Cyclotron
J.II. Ormrod and J.A. Hulbert
Design and development of a superconducting cyclotron
for a post-tandem accelerator continues. The installation of
the radio-frequency acceleration system in the magnet for
integrated tests is almost finished.
6.3.2.1

Cryogenic System
J.A. Hulbert

A new helium liquefier, Model 2800 HR, is on order
from Koch Process Systems of Massachusetts, for delivery in
March 1983. This machine, which will have a maximum output
equivalent to 90 litres of liquid per hour, will be the primary
source of refrigeration for the cyclotron when installed in
Building 137. The existing CTI 1400 machine, which is too low
in output to provide all requirements of the cyclotron
simultaneously will be retained for gas purification,
laboratory supplies of liquid helium and emergency standby.
A surplus CTI Model 50 high pressure compressor is
being obtained from Crown Assets Disposal Corporation to speed
up gas circulation in the purifier system.
6.3.2.1.1

Helium Liquefier

The liquefier has now been operating continuously for
over 13 months, during which time the magnet coil has been
maintained in the superconducting state. Over the current
quarter, the No. 1 engine connecting rod bearing has failed
twice. A replacement connecting rod with a larger
self-aligning bearing is on order. 'Recovery' trips initiated
by the computer supervisory system have led to upper heat
exchanger blocking on several occasions and have necessitated
more localized warm-up treatments than normal. Detailed heat
exchanger assembly drawings have been requested from the
manufacturer to try to locate the impurity 'trap' which
prevents the complete expulsion of all impurities under our
present procedures.
6.3.2.1.2

Transfer Tube Development and Helium Piping
Design

With the decision made on the acquisition of a new
liquefier the final revisions of the helium piping system have
been started. The existing 1400 compressors will be able to be
connected to either liquefier, otherwise the two liquefiers
will be piped separately. The cold lines between the 2800 HR
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liquefier and the cryostat will contain bayonets, where the
1400 liquefier CL.'.:.id be coupled if necessary, but the full
complement of tees and lines for this purpose v/ill not be
provided initially.
The prototype design for the cryostat transfer lines
has been modified to permit high pressure operation of the
shield passages. A complete 7 m long outer assembly has been
made and vacuum tested. Shortening of the flexible tubing
under vacuum is non-negligible but can be compensated by minor
design changes.
6.3.2.1.3

Instrumentation

The amplifiers (QSA) for the axial bracing readout
have been calibrated and are ready for use. The prototype AOC
(amplifier output coupler) has been fully tested using a MUMTI
program written for the purpose. A set of three amplifiers
(QDA) has been assembled and calibrated for cryopump
temperature readout. Two interface boxes, one for each
cryopump, have also been prepared.
The helium transfer supervisory system (see Fig.
6.3.4, PR-P-132; AECL-7605) has been in full-time operation
since early February. A number of changes have been made to
software to improve understanding of system messages by the
operator and a general purpose FIFO (first-in-first-out) file
package written so that records over the last 24 hours are
maintained without unnecessary continuous print-outs.
Drafting of all the instrumentation modules existing
in prototype form is complete.
6.3.2.2

Cyclotron Magnet

6.3.2.2.1

First Harmonic Fields - Analysis of Experimental
Field Maps
J.H. Ormrod

When the midplane map library was taken (PR-P-130,
6.3.2.3; AECL-7408), peculiarities were noted in the first
harmonic (B^) amplitudes and were initially attributed to
imperfect trim rod settings and small movements of the Z-shims
- the two items added since the previous mapping. (The Z-shims
were subsequently secured with additional screws.) The
measured B^'s at the three outermost flip-coils, those most
sensitive to displacement of the superconducting coil and used
in previous measurements to center it, did not give an
internally consistent coil displacement and the coil was
finally positioned by minimizing the force (less than 1 kN at
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mean induction of 5 T) on the coil as measured by the strain
gauges on the radial support rods.
Analysis of the complete map library has now resolved
these peculiarities. First harmonic differences between
appropriate maps shov; that the coil is displaced by 0.45 mm
from the center of the flutter pole assembly. The calculated
force constant between the coil and the poles is +12 kN/mm at
full field. If the geometric center of the flutter poles
coincided with the magnetic center of the poles, one would
expect the 0.45 mm displacement to give rise to a decentering
force of 5.4 kH. An additional coil force is required to
explain the near equilibrium measured force of less than 1 kN.
Such a force can arise from the residual first
harmonic field of the midplane holes in the yoke wall that is
not included in the coil/pole force calculation. The
injection, extraction and probe holes in the yoke wall produce
harmonic fields that are reduced to an acceptably low magnitude
in the accelerating region of the midplane by two compensating
holes introduced for that purpose. The shape of these
compensating holes was calculated by approximating the octagonal
yoke wall by a cylinder - an adequate approximation for the
accelerating region but less adequate at the coil that is
nearer the yoke wall. An average first harmonic of 0.6 mT at
the coil is sufficient to create the equilibrium force
condition for the 0.45 mm coil displacement.
The consequence of such a coil displacement is a B^
that varies with coil excitation, the magnitude increasing with
radius. It is not a problem over the accelerating region but
does require consideration for extraction. Figure 6.3.1 shows
the magnitude and phase at R = 609 mm, near v r = i. The
magnitude is almost as large as the first harmonic bump that
must be introduced for precessional extraction. This bump will
be created by an asymmetric setting of the trim rods that can
also easily correct the B x f rO m the displaced coil,
especially since the final settings will be determined
empirically from measured turn patterns.
6.3.2.2.2

Outer Field Map Calculations
E.A. Ileighway

The generation of a complete set of 48 calculated
field maps for outer radii and a matching yoke hole
perturbation field map has been completed.
This involved the use of the code HOLES to calculate
the effect of the midplane penetrations through the yoke wall
and fitting the calculated fields to specific measurements made
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for three of the 48 maps. The effective magnetization of the
steel in the yoke v/all is the only free parameter in the fit.
Figure 6.3.2 shows a comparison for fields measured
along the injection hole at a raidplane average field of 5 T.
The perturbation caused by the yoke hole begins at about 120 cm
radius. The rms difference between the measured and calculated
fields is about 20 mT. It had been hoped to refine the
calculation to improve the agreement but the uncertainty in the
radial position of the measured fields introduced errors of the
same order as the differences between the calculated and
measured fields. The accuracy of the generated maps is
nevertheless within the "tuning" range available for both
injection and extraction.
6.3.2.3

Radiofrequency System

6.3.2.3.1

Accelerating Structure
C D . Bigham

The rf structure is being installed in the magnet.
The lower half is almost complete but the reforming of the
upper half, required to fit the liner over the shims on the
poles is not yet finished. The rf power amplifier (PA) was
damaged by arcing during tests into the water load and has been
repaired.
The reforming of the lower liner to fit over the
shims on the flutter poles was successful. The liner to outer
conductor joint was remade with an improved fit. This is the
combined mechanical, rf and vacuum seal that failed in the
upper half at the end of the out- ••f-magnet tests (PR-P-132,
6.3.2.3; AECL-7605). The screw holes in the pole for attaching
the liner periphery required relocating to match the holes in
the liner. The liner is a close fit over the pole and will
give the necessary clearance to the extraction channel in hill
number four.
The balance capacitor, rf drive capacitor and high
vacuum line have been installed in the 100 mm holes. The dees
and tuner have been installed with the modified tuner drive.
Water cooling lines have been connected and tested.
The rf contacts on the cryostat inner wall have been
installed and the lower pole raised into position to
demonstrate the fit.
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As much as possible of the water cooling lines and
vacuum lines are fitted to the upper pole awaiting the
reforming of the liner.
The upper dees have been reassembled with the
extractor high voltage cable and test extractor in place.
The sixty foot long 5" Heliax line was installed from
the PA into the dummy rf load near the magnet in the Bldg. 467
annex. The part of the control system not required at the PA
was moved to the annex door and cabling instalJed into the
cyclotron from there. The PA was then operated into the dummy
load to check out the system and calibrate the directional
coupler power meters. During these tests the PA developed
abnormal rf leakage.
Investigation indicated a failure of the innermost
set of sliding contacts in the PA plate tuning cavity. The
output line v/as found to have severe arc damage at the edge of
the cavity and the contacts on the innermost tuner were
completely destroyed. The other four sets of contacts were all
in "as new" condition. The markings of the contacts on the
conductors indicated that the contact failure was caused by
poor alignment. The arcing at the contacts probably initiated
the arcing that damaged the output line.
The cavity was cleaned and repaired and a set of
guides installed to align the contacts properly. After
reassembly, the PA v/as tested over part of the frequency rai._,t
and appeared to perform normally. An arc detector is being
installed to provide warning to minimize arc damage in the
future.
Drafting of the control circuits built up originally
from sketches has been started.
6.3.2.3.2

Kk II Cryopump Prototype Tests
J.A. Ilulbert

The Mk II pump has been assembled and set up in the
cryopump test tank. The modifications from the Mk I design,
which increase the liquid helium capacity, enable better access
to the structure for modification or instrumentation, and
improve the engineering of the service interface, all work
according to design expectations. The liquid helium tr nsfer
proceeded smoothly without any back-pressure problems. Owing
to a mechanical misalignment the liquid helium boil-off rate
was excessive, and this is being corrected before pumping speed
measurements are carried out.
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6.3.2.4

Inje tion

6.3.2.4.1

Low Energy Buncher
E.A. Heighway

The If and 2f frequency ranges of the prototype
buncher have been measured as a function of the capacitive load
on the If stem. This showed that the accelerating gap grid
assembly should have a low capacitance to avoid the need for a
major change in the If stem length.
An assembly using 0.13 mm diameter tungsten wire to
form a 1 mm accelerating gap between two grid planes each of 19
wires spanning a 30 mm diameter aperture has been designed and
built and installed in the buncher.
By minimizing the capacitance the upper limit of the
If frequency came to within 10% of the design frequency of 62
MHz. However, the If stem will still have to be shortened and
the capacitance of the If and 2f tuning capacitors increased to
span the complete operating frequency range.
6.3.2.4.2

Foil Changer
C.R.J. Hoffmann

Fabrication of a vacuum envelope which houses drive
gears and tensioning apparatus for the foil transport chain is
complete.
Work orders have been raised for fabrication of some
foil holder= and shrouds. The shrouds are mounted on the
transport cJ.jin and hold the foils in place.
6.3.2.5

Extraction

6.3.2.5.1

Extraction Channel Development
C.R.J. Hoffmann

Experiments continue with small racetrack coils which
model windings in a superconducting radial gradient structure.
The potting procedure has been modified so that epoxy is forced
into the windings in vacuum and cured without significant
formation of voids. A second three layer coil has been made
and tested. It performed at 80% of design current (100% is 300
A) in a 4.6 T field, which is an improvement over the first
three layer coil (PR-P-132, 6.3.2.5.1; AECL-7605). The current
leads for these coils have been redesigned to eliminate a short
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length of unsupported lead wire.
is being prepared.

A third three layer test coil

Development work has started on magnetic channel
superconducting bias coils. These are dipole coils about 100
mm long wound directly onto a 22 mm diameter stainless steel
tube (1.24 mm wall thickness). Each half coil has tv/o layers
with 16 turns per layer. The superconductor is
multifilamentary Nb3Sn, 0.5 diameter, in a bronze matrix
(PR-P-130, 6.3.2.6; AECL-7408). The superconductor is wound
with turns in contact within a layer but layers insulated with
fiberglass cloth. The coils are potted after reaction aid
clamped onto the stainless steel bobbin w'^h a layer of .'.5 mm
diameter aluminum wire and epoxy impregnated fiberglass tape.
The first two test coils failed canastrophically with wire
breaks occurring near the ends of the copper lead pieces, i.e.,
in the last outside turn in a top layer. The first coil
operated at 70% of design current at ? •7 T background field
before failing. The second failed on iirst excitation and
quench in a low background field. Methods of improving coil
protection and mechanical support are Ltiing investigated.
A model electrostatic deflector system has been
installed in a dee in preparation for high voltage tests in a
magnetic field. Fabrication of components for an oil insulated
high voltage resistive coupler is complete.
6.3.2.6

Deam Probes
J.D. Hepburn

Work has begun on design of four of the beam
diagnostics probes planned for the cyclotron. These are radial
probe # 1, radial probe # 2, beam stop, and extraction probe.
All four use water-cooled tungsten plates to intercept the beam
and measure beam current. The probes will be controlled by two
microprocessors resident in CAMAC crates that are part of the
main cyclotron control system.
The conceptual der :^ for radial probes # 1 and # 2
is complete. They are iden i :,1 in design and function, except
that # 1 crosses the extraction line and can be used on
extracted beams. Probe tip travel extends from beyond the
outside of the yoke to 140 mm radius (the stripper foil center
at its innermost position is at 145' mm radius). The vacuum
seal will be an edge-welded bellows with 2 m travel. Each
probe has a separate vacuum system so that probes can be
changed or maintained independent of cyclotron operation.
Interchangeable differential radial and axial probe heads will
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be available for use. Quotations have been requested on all
major equipment and control items.
The beam stop is located in the first magnetic
element of the extraction channel, just downstream of the
electrostatic deflector. It serves a dual role: it provides
beam centering information in the extraction line, and it stops
the beam to protect the body of radial probe # 1 when probe # 1
is extended across the extraction line. Conceptual design of
the bean stop is proceeding.
The extraction probe has lower priority, and is being
examined now only in terms of overall equipment requirements
and interactions with the other probes. It will extend along
the extraction line, from the outer wall of the yoke, to assist
in setting'the active magnetic extraction elements.
6.3.2.7

Code Development
E.A. Heighway

Modifications have been made to many of the cyclotron
codes to accommodate the marriage of measured field maps at
inner radi; to calculated maps at outer radii including the
effects of yoke v/all penetrations.
These include FGENFIT, which generates the set of 48
calculated maps at outer radii, TRIUMFTWO and TRIUMFTUREE, which
respectively select and isochronize a pair of maps for a
particular ion by interpolation in the 48 measured and 48
calculated maps, and GOBLIN, which does the accelerated orbit
calculation (in particular injection) in the matched pair of
ion specific maps with the fields from the yoke penetrations
added.
All modifications are installed and tested with the
exception of the yoke hole field additions to GOBLIN which are
still being developed.
6.4

Mechanical Laboratory
J.E. Anderchek
The Mechanical Laboratory operates the machine shop
and furnaces in Bldg. 145 and carries out mechanical
construction, assembly, repairs and vacuum testing for the
Accelerator Physics Branch and the Reactor Physics Branch.
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Total laboratory time breakdown in the quarter is as
follows:
Accelerator Physics Branch - 99.58%
Reactor Physics Branch
- 0.42%
6.4.1

High Current Proton Accelerator
Components were fabricated for a number of drift tube
linac test assemblies; a full-scale copper drift tube assembly
was fabricated for electron beam welding tests, 22 aluminum
drift tubes were manufactured for a post-coupler test tank,
extenders were made for post-couplers, and a test bed for
soldering drift tube sterns to the tank wall was fabricated.
A' series of furnace brazes was run for the resonant
load tuner and several brazes on the RFQ sparker box were
carried out.
Two disc and washer test segments were fabricated and
alterations and repairs were made to six others.
The components required to complete the proton energy
analyzing system were manufactured, including modified magnet
pole tips, water cooled beam line, isolated slit assemblies,
support stands for the magnet, beamline and ion pump, and
repairs and flange alignments were made to the energy analyzing
vacuum chamber.
A twin aluminum tube rf dipole model was constructed
for end tuner and cutoff mode studies, and an accurately bored
aluminum tube was prepared for continuing RFQ modeling.
A water-cooled pepper-pot plate and an associated
camera mount were fabricated for installation on the injector
test experiment.
One plasma aperture plate was fabricated, another one
was modified and cooling modifications were made to the upper
flange of the Mark. I clamped extraction column.

6.4.2

electron Test Accelerator
The buncher support was fabricated, final tuning is
complete and the cavity is ready for beam tests. As part of an
experiment to test flow through different pipe sizes to
simulate transmission through a 2.45 GHz cavity, a model was
made in the approximate shape of radial cooling. A high power
aperture was made for the 45° beam line and an adapter was made
to fit a bellows in the zero degree beam line. The waveguide
phase shifter was modified and refurbished to prepare for a
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reactive tuning experiment. Various beam line components were
fabricated, the Model 4 bridge (damaged during civil
construction) was repaired and the new irradiation facility was
designed, fabricated and assembled.
Fabrication of the pulsed electron gun made in
conjunction with the Institute of Particle Physics is about 65%
complete.
6.4.3

Heavy-Ion Superconducting Cyclotron
Mounting plates and other support pieces were
modified for installation of a model deflector system into a
dee. Clamps were mounted in the dee to hold a high voltage
feed cable in position. Two high voltage coupling pieces (one
resistj.ve) were made to make connections to the ends of the
feed cable.
Modified coil formers were fabricated for both a
model superconducting bias winding and a superconducting
racetrack winding. Included with these were copper connecting
pieces for conductor leads and a jacket for epoxy vacuum
impregnation of the windings.
A top flange for a test cryostat was fabricated to
allow vacuum checking of welded joints in liquid helium.
Modifications required during fitting of the rf
structure into the magnet included work on the lower tuner
drive mounting, tuner sliding seals, cooling water connectors
and 100 mm hole spools. Substantial repairs to the plate
cavity of the power amplifier were made on very short notice.
A prototype outer jacket test assembly for the
cyclotron helium transfer line was fabricated and vacuum
tested. Trim rod drive location templates were modified and
tools for truing the cyclotron midpJane seal pressure rings
were made.

6.4.4

Reactor Physics
The fuel pin scanner was modified to accommodate
BDL-422 fuel pins and six centering discs for in-reactor tests
were made.
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