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SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

Modifications in the arrangement of accelerating
tubes and associated magnets have resulted in marked improve-
ment in high-voltage holding properties combined with good
proton transmission.

Accelerator availability was as follows:

Experiments running 1318 hours 59.7%
Scheduled shutdowns 674 hours 30.5%
Unscheduled shutdowns 215 hours 9.8%

2207 hours 100.0%

Thirteen experiments were performed during the
quarter. Eight visiting scientists used the accelerator;
they were involved in experiments occupying 68% of the beam
time and in these experiments their participation averaged
40%.

Research Activities

Kinematic shifts, which reflect B-v angular
correlations, have been observed for the first time in
3-delayed proton decay for the precursor 2 5Si. The success-
ful test (with a helium jet system) demonstrates not only
the feasibility of studying g-v correlations in light
delayed-proton precursors but also the possibility of
studying cases not easily accessible to the ISOL.

The ISOL has been used for the first time in
precise lifetime measurements! Impurity-free samples of
" A ^ f t ^ = 0.6 s) and 3 8K m (t^ = 0.9 s) were observed to
decay in a 4u gas-flow proportional counter. The high
count-rate and low background will permit results with
uncertainties of <0.1%.

In a 10-day period 134 independent radiocarbon
dating measurements were carried out without intervention
except for sample changes and reloads of the sample holder.
An oxalic acid standard, which was measured periodically,
showed a standard deviation of its mean result that
corresponded to 50 years. For the first time, system
backgrounds were reduced to a level that corresponds to ages
in excess of 50,000 years.



Studies of the continuous yradiation feeding high-
spin states in 1<t8Dy, 11|9Dy, lslDy and i 5 2Dyarein progress.

Crystal blocking lifetime measurements for fission
fragments from 16O bombardment of 197Au have been carried
out. Preliminary analysis indicates that long-lived compound
nuclei precede fission in a significant fraction of events

1 below 86 MeV bombarding energy.

A new technique has been developed for producing llfC
targets of extremely high isotopic purity.

1.2 Accelerator and Applied Physics

Research Applications

a) Fast Intense Neutron Source

- Operation of the 14 MeV neutron source was? satisfactory.
Attempts are being made to reduce beam power-density on-
target.

b) Heavy-Ion Superconducting Cyclotron

- The cryostat was kept cold throughout the quarter.

- The motor-gear-clutch assembly for one upper quadrant of
trim rods has been operated at full field.

- Isochronous fields for accelerating i 2 3 + to 10 MeV/u and
C + to 50 MeV/u have been set up and the measured fields
used in computer codes to demonstrate acceptable ion
acceleration.

- The fringing field has been measured through the cryostat
midplane.

- The initial pump down of the magnet rough vacuum system
has demonstrated a pressure <1 Pa.

- The Alloy 155 spring finger contacts on the rf tuners
have been tested to 90 kV dee voltage.

- The rf system was operated for 24 hours at 90 kV, 32 MHz
in O-mode.
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- Dee-tip voltages have been accurately measured by the
x-ray end-point method.

- Nb3Sn superconducting coils that model the extraction
system modules have been tested to 300 A in an induction
of 4.6 T.

- Shop work has begun on support structures for the
cyclotron injection and bypass beam lines. Design is
continuing on beam-line details and the pre-tandem
injection line.

- Ordering of CAMAC modules and other items of the control
system continues. Software development suffers from loss
of the principal programmer to another job opportunity.

- A novel beam-profile monitor has been designed and
constructed; it has successfully passed preliminary tests
using a beam from the MP tandem.

Nuclear Power Applications

a) High Current Protori Accelerator Development

- Stable operation of the Injector Test Experiment with
600 mA total extracted current at 46 kV has been achieved
for periods of —20 minutes*

Operation with high gas flow in the plasma ion source
showed that this is an effective means to achieve
controlled variable beam current, without affecting
emittance seriously.

- Analytic expressions used to generate RFQ designs are being
re-examined to reduce output phase spread from the RFQ.

- A microprocessor-controlled bead puller has been built and
is being commissioned.

- Tests of a new Alvarez drift-tube stem to outer wall joint
were successful.

- Measurements on tilt stability using post-couplers have
shown that a variable energy drift-tube linac could be
built.



- 4 -

b) Electron Test Accelerator

- Work on the extension of the tunnel and provision for a
three-structure accelerator have begun. Construction of
the north'wall is complete and it is expected that the
tunnel will be closed sometime in November. Beam line
components are being installed.

- High power tests of Model 5 are almost complete. An
important result is the high efficiency of the radial
cooling design. It may be possible to eliminate mechanical
tuners by using the very fast transient response that
radial cooling provides.

Calculations on beam cavity interaction provide an
independent method of determining coupling constants in
resonant systems.

- A physics design of the injector for the Montreal-
Saskatoon microtron project was completed.

c) Neutron Yield Measurements at 100 MeV at McGill Cyclotron

- The measurements of thick target neutron yield from 100 MeV
proton bombardment of lead have been extended and the
uncertainties of the combined result considerably
improved. Agreement with calculated yields is excellent.

Calculations of the thermal neutron flux in beam tubes of
the planned 70 mA 200 MeV Electronuclear Materials Test
Facility which rely in part on the above yield calibration
at 100 MeV, indicate 1.0xl0lj n-cnT^s""1 would be
attainable.

1.3 Solid State Physics

Extension is underway of the PDP-11/Camac computer
system so as to control the N5 and L3 neutron spectrometers.
The design involves the more powerful and faster STAR-11
communications package.

Neutron diffraction studies of deuterated bromoform,
CDBr3, have confirmed the high-temperature hexagonal structure
in which the molecular dipoles are aligned randomly up and
down the hexagonal axis. In the low-temperature triclinic
phase below 264K, the dipoles appear to adopt an ordered
parallel alignment.

The effect of a magnetic field on a randomly diluted
isotropic antiferromagnet has been shown to produce an
unexpected growth in the spin fluctuations perpendicular to
the field.
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The low frequency soliton modes predicted by Villain
have bean observed in a magnetic chain compound and shown for
the first time to be well-defined. They are superimposed on a
continuum of scattering. A theory has been developed that is
in good agreement with the results.

The first measurement of the vacancy formation
energy in thorium metal has been made by positron annihilation
and yields a value of 1.23+0.04 eV.

A calculation of the vacancy pair separation
distribution (vacancy correlation function) has been used to
estimate the size of the collision cascade initiated by a
single ion passing through condensed matter. These estimates
will be useful to experimenters studying energy-density
effects in cascades.

An analysis of the effects of angular dependence of
energy loss through multiple scattering on energy-loss
measurements has shown that the necessary correction is
substantial. The variation of the correction with angle of
scattering and with target thickness can be expressed in terms
of only one unknown parameter.

1.4 Applied Mathematics and Computation

The thermal analysis of Pickering A fuel channels
where sag of the pressure tube allows contact with the
calandria tube continued. Full power steady-state temperature
profiles have been completed for the selected cases, and
preparations for transient cases are under way.

A technique for interpolation using rational
functions (instead of interpolating polynomials) is being
investigated for possible application to sets of data that
cannot be well approximated by polynomials. Two approaches to
obtaining interpolation functions of increasing degree are
considered: the use of recurrence relations, and explicit
solution of a set of linear equations for the coefficients for
a function of given degree. Satisfactory interpolation
functions have been obtained for some test cases, but the
problem of potential loss of precision, effectively due to
ill-conditioning of some sets of higher order equations, has
not yet been resolved.

A program, to be used in conjunction with the GRAAS
program for peak finding in the fuel defect experiment data,
has been developed. GRAAS produces an energy, peak area and
uncertainty for each peak in a spectrum; the isotopic
identificatibn program attempts to identify the isotope or
isotopes which may be responsible for each peak.
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Commissioning of the CYBER 170/720 continued.
With the removal of the communication lines providing
interactive terminal access to CRNL computers from the
Engineering Company, nearly all Engineering Company work
now is handled by the link between the Sheridan Park and
CRNL 720's. Efforts during the quarter on development of
the 720 system were devoted exclusively to eliminating
software and hardware problems in the Sheridan Park-CRNL
link/ and improving the communication between the CRNL
720 and the 6600/175 system.

Miscellaneous programs and subroutines
developed or modified during the quarter included:

- a new version of a "keyword-out-of-context" listing
program

- a subroutine for the rapid evaluation of the Bickley
function for use in computing neutron collision
probabilities in programs where some precision can be
sacrificed for an increase in speed

- an improved peak identification algorithm for the Fuel
Defect Experiment data analysis system

- an algorithm with improved (at least for some
problems) convergence properties is being tested for
use in the non-linear least squares fitting routine
MLSQQ.

Work continued on the testing of CDC's new
FORTRAN 5 compiler, and on modifications to subroutine
libraries necessary so that all library routines can be
used by programs compiled with either old or new
compilers. This work is nearly complete, and release of
the new compiler is scheduled for November.

CDC's graphical output packages UNIPLOT and
UNIPOST have been obtained and installed, and programs to
convert AELIB PLOT files into UNIPLOT format for handling
by the UNIPOST post-processor have been developed.
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Computer usage during the quarter is summarized in
the following table:

Percentage of Percentage of
Number of Jobs Total Utilization

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

1.92
0.01
1.06

23.68
1.76

22.91
1.82

0.55
3.95
2.13
8.56

0.94

12.20
9.48
0.62
2.03
2.69
0.07
0.08
0.61
2.83
0.01
0.06
0.01

0.67
0.00
1.58

36.43
3.20

6.20
1.41

0.30
2.30
0.58

17.07

3.51

9.44
6.58
0.10
1.46
3.90
0.00
0.04
0.36
4.87
0.00
0.01
0.00
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J.C. Hardy
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Standards Issued

Miscellaneous Services

Target Preparation Laboratory

SCC Control System Operation

Software Development for the SCC Control System

Mimic Diagrams on the SCC Colour TV Monitor

Hardware for the SCC Control System

SCC Control System Hardware Construction

Scanning ADC Test Procedure

Progress on the Injection Beam Line for the SCC

Beam Transport Diagnostics for the Tandem Cyclotron Project

Beam Profile Monitors

Motor Driven Four-Way Adjustable Slit Assemblies

Progress on the BTS Vacuum System for the SCC

Heavy-Ion Beam Development for the SCC

Laser Magnetic Resonance

Deuterium Photodisintegration - Parity Violation Experiment

Parity Mixing in 21jie

CdTe Detectors

Time-of-Flight Spectrometer for Slow Heavy Ions

Efficiency of Time-of-Flight Detectors

Dependence of Heavy Ion Energy Loss on Foil Thickness

Publications and Lectures
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(1) On leave of absence at Scanditronix, Uppsala Sweden;
departed 1981 September 04.

(2) Attached from Universite de Montreal; terminated
81 August 11.

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

(4) Returned from leave of absence at Max-Planck Institut
fur Kernphysik, Heidelberg, West Germany 81 August 31.

(5) Physicist; reported for duty 81 September 09.

(6) Returned from leave of absence at' Los Alamos Scientific
Laboratory, Los Alamos, New Mexico 81 September 03.

(7) Transferred from Neutron and Solid State Physics Branch
81 August 01.

(8) Attached from the University of Gottingen; terminated
81 August 27.

(9) Post doctoral fellow.

(10) On leave of absence at The Australian Natidnal University,
Canberra, Australia; departed 81 August 21.

(11) Transferred from Chemical Operations Branch 81 August 10.

(12) Graduate student attached from the University of Toronto.

(13) Summer student; terminated 81 August 28»

(14) Summer student; terminated 81 August 31.

(15) Summer student; terminated 81 August 26.

(16) Summer student; terminated 81 August 28.

(17) Graduate student attached from the University of Toronto.

(18) Waterloo Coop Student reported for duty 81 September 01.

(19) Summer student; terminated 81 August 31.

(20) Transferred from Office Services Branch 81 July 01.

a) Also has responsibilities in Section I and II.
b) Also has responsibilities in Section I.
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2.2 Lifetime Measurements of Levels in Na Below 4 MeV Excitation
T.K. Alexander, G.C. Ball, J.S. Forster, W. McLatchie,
H.-B. Mak (Queen's University), R.L. Kozub, C. Chitwood and
D. Fields (Tennessee Tech.)

2g The mean lifetimes of several low-lying levels in
Na have been measured by the Doppler shift attenuation

method and the inverse reaction 3H(26Mg,a)25Na. A 26Mg beam
was obtained for the first time from the tandem; to produce
the beam a 26Mg washer was inserted in a natural Mg cone in the
UNIS source. The 26Mg6+(40 MeV) beam was used to bombard a
target consisting of 300 pg/cm2 of titanium on a 25 ym copper
backing. Alpha particles were detected in a AE-E telescope
positioned at 0°. Coincident y rays were detected in a 100 cm3

Gamma-X detector also situated at 0° to the beam. The method
is the same as previously described (PR-P-122: 2.12; AECL-6852)-
Analysis of the data is in progress.

2.3 Beta-Neutrino Angular Correlations from 3-Delayed Proton
Emission

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

In a preliminary experiment, kinematic shifts were
observed in the 3-delayed proton decay from the precursor
25Si (see also PR-P-113, AECL-5802). The activity was produced
with the 24Mg(3He,2n) reaction and transported from the target
location with the helium jet system (PR-P-129: 2.18; AECL-7328).

Since the angle between the protons and 3-particles
must be well determined in this experiment, the activity had
to be confined to a spot in the centre of the detector array.
With a helium jet, however, some fraction of the activity
does not stick to the catcher, but rather gets distributed on
the surfaces in the vacuum chamber. To prevent this problem
from affecting the correlation data, it was necessary for the
jet to be in a separate vacuum chamber from the counting
chamber. The activity was transported between the two vacuum
chambers, by means of a tape transport system.

Beta-particle-proton coincidences were observed with
a coincidence rate of 21 counts/h. At this rate one week of
data collection will be necessary to obtain sufficient data
to determine $-v angular correlation coefficients.
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2.4 Lifetime Measurements with the On-Line Isotope Separator

V.T. Koslowsky, A. Steckley, M.G. Steer, J.S. Forster,
E. Hagberg, J.C. Hardy, H. Schmeing, U.J. Schrewe, K.S. Sharma
and H.C. Evans (Queen's University)

To determine the weak-interaction vector coupling
constant from a 0 + •> 0+ beta transition, it is necessary to
obtain a precise knowledge of the total half-life. We are
developing a method that utilizes the on-line isotope
separator, the fast tape transport system, a 4ir gas flow
counter (see PR-P-125: 2.23; AECL-6956) and the PDP-1 com-
puter to remeasure the half-lives of some of the 0 + ->• 0 +

superallowed 3-emitters. The advantages of our method over
those used in previous measurements are:

(i) The purity of the sample is guaranteed by isotope
separation. Contaminants from neighbouring isotopes
are typically less than 1 ppm.

(ii) The 4ir detector ensures a large solid angle and high
counting efficiency <\* 90%, thus providing good counting
statistics.

(iii) The background counting rate is low (̂ .3/s)
because the detector is insensitive to gamma rays.

(iv) It is possible to make separate rate-dependent
corrections for each sample introduced into the
detector.

A preliminary on-line test with 26A«,m and 3 8K m

has given encouraging results. The decay of ^ASim was
followed for 10 to 11 half-lives. A value of 6350 i 7 m s for
the half-life was achieved in 2 hours of data accumulation
The currently accepted value of 6349.4± 2.7 ms was obtained
by averaging 5 experiments performed elsewhere in the last
20 years. The analysis of 3 8 ^ ^ s m o r e difficult owing to
its two-component decay (i.e. ground state decay Tjj = 458 s;
isomeric state decay Tjj = 0.926 s) and is still in progress.

We are modifying the experimental equipment to
remove electronic noise observed at the detector and appar-
ently originating with the tape station.

2.5 The Decay of Br

E. Hagberg, J.C. Hardy, H. Schmeing, H.C. Evans (Queen's
University), U.J. Schrewe, V.T. Koslowsky, K.S. Sharma and
E.T.H. Clifford

7 1 Among the low-lying levels previously established
in Se (PR-P-129: 2.11; AECL-7328), the daughter of 7 IBr,
there should be a 9/2+ level corresponding to the ga/2 neutron
single-particle state. The location of this state is dependent
on deformation; the more strongly deformed the nuclide 75-Se is,
the lower the excitation energy of the 9/2+ state will be.
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If a 9/2+ state does exist at a low energy in Se, it should
be characterized by a half-life in the microsecond range
since it can only be de-excited by an M2 transition.

We have investigated the half-life of low-lying
levels in 71Se produced in the decay of 71Br. A half-life
of 19 + 3 ys was determined for the 261 keV state
establishing it as the most likely candidate for the
g9/2 neutron single-particle state. Support
for such an assignment comes from a comparison of its reduced
transition rate (assuming M2) to the ground state,
0.078 ± 0.013 W.u., with those of 0.068 and 0.065, respectively,
found for ground-state transitions from the lowest 9/2* states
in the neighbouring N = 37 isotones *>7zn and 69Ge. It would
also indicate a further decrease in the energy of the 9/2+

state with increasing proton number for N = 37 isotones, thus
confirming that 71Se is continuing the trend towards stronger
deformation.

71
A paper on the! debay of Br has been completed.

2.6 The Tz = 3/2 Series of Beta-Delayed Proton Precursors

E. Hagberg, J.C. Hardy, H. Schmeing, E.T.H. Clifford and
V.T. Koslowsky

Analysis of the proton-x-ray coincidence data ob-
tained in two experiments aimed at investigating the decays
of 83Zr and 87Mo (PR-P-12J: 2.19; AECL-6956) is now almost
finished. Two proton-emitting activities have been identified
in each experiment.

32 54
In the first experiment ( S on Fe) proton

activities were observed with half-lives of 5.7 ± 1.5 and
37.8 ± 1.2 s. Proton-coincident x-ray data indicate that
the long-lived component originates from a Zr isotope. The
corresponding excitation function agrees with theoretical
predictions from the ALICE code (PR-P-118: 2.22; AECL-6216)
for a 2pn evaporation process, which would indicate 8 3 2 r as
the parent. Furthermore, the protons from this activity were
found to be coincident with the 573 keV y-ray in 82Sr, the
delayed-proton daughter of 83zr. This establishes 83zr as the
source of the 37.8 s g-delayed proton activity. From the
number of coincidences between protons and 573-keV y-rays the
intensity of the proton branch to the 2 + first-excited state
in 82Sr could be deduced to be 5.6 ± 3.5% relative to the
total proton emission.

The half-lives measured for the two proton emitting
activities found in the second experiment (32S on 5%mi) are
4.1 ± 0.6 s and 13.5 ± 0.6 s. The protoh-x-ray coincidences
found for the long-lived component were used to establish its
origin as a Mo activity. Again, the excitation function found
for this component agrees with the theoretical 2pn evaporation
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87
process (final nucleus Mo). Delayed protons from the long-
lived activity were found to be coincident with a 751 keV
y-ray. A strong y-ray of this energy has been identified in
the decay of 86flb and it most likely originates from the
lowest 2* •+• 0+ transition in 86Zr. This again points to °'Mo
as the source of the long-lived proton activity. The proton
branch feeding the state emitting the 751 keV y-ray has been
deduced to be 14.4 ± 7.5%.

The origins of the weaker short-lived proton
emitting activities have, at present, not been established.
The analysis continues.

2.7 Continuous y-Radiation-Feedincr High-Spin States in Dy, Dy,
151DV and 152Dy

B. Haas, D. Ward, H.R. Andrews and P. Taras (Universite de
Montreal)

With the apparatus and experimental arrangement
described in PR-P-129: 2.8? AECL-7328 we have studied y-radiation
feeding isomers in light Dy-isotopeS populated by a pulsed
32s-beam on Sn targets. Relevant parameters are listed in
Table 2.7.1. Bombarding energies were chosen so as roughly to
equalize the total energy available for y-decay in the 4 cases.
For •'-̂ 2Dy other bombarding energies were also studied
(Table 2.7.2). Discrete lines populating these isomers have
been previously studied (B. Haas et al., Nucl. Phys. A362 (1981)
254).

With appropriate time windows set on the array
detectors it was possible on playback of the data tapes to
generate spectra corresponding to nearby pure reaction channels.
Nevertheless, there was some contamination between adjacent
reaction channels. For example, the time gate 17 <_ t <. 100 ns
enhanced the T = 15 ns isomer in 151Dy for the reaction
1 2 4Sn + 3 2S at 165 MeV, but discrete lines associated with
feeding to the T = 60 ns isomer in 152Dy were weakly evident
in the Ge(Li) spectra. By subtracting the spectra correspond-
ing to the time gate 100 <. t <. 260 ns with a weight chosen to
canceJL the discrete lines of m^Dy, we obtained net spectra
for15-LDy. Similarly derived corrections could be made for
the other cases listed in Tables 2.7.1 and 2.7.2.

.._ An analysis of the data similar to that described
for *'Gd in PR-P-129: 2.8; AECL-7328 is in progress. The
average multiplicity <M>, of continuous radiation feeding the
isomers is given in Tables 2.7.1 and .2. Corrections have
been made to take into account the existence of discrete
transitions Ey < 200 keV, which were excluded by the lower-
level discrimination set on the gating detector.
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149
With the exception of Dy the level schemes

above the isomers are sufficiently well established that these
corrections should be reliable. In the case of 1 5 2Dy, the 3
Y-rays lying between the 14 ns and 86 ns isomers were largely
excluded by the gating detector because only radiation prompt
with respect to the beam burst was selected. Further
analysis is in progress.

Nucleus

152Dy
15V
149Dy

148Dy

Average

Table 2.7.1

Multiplicity for Y-radiation
Feeding Isomers in Dy-Isotopes

Bombarding
Energy(MeV)
[reaction
channel]

151[4n]

165[5n]

165[5n]

154[4n]

Isomer

Spin Ex(MeV)

17 5.088

49/2 6.033

49/2 7.410

10 2.919

x(ns)

86

18

40

680

Average
Multiplicity3)

Observed Corrected

17,

19.

16.

19.

.2 21.0

.9 21.4

.4 16.4b)

,7 20.4

not including decay of the isomer

'level scheme not known well enough to make the correction

Table 2.7.2

Average Multiplicity for Y-radiation Feeding

the J«17 Isomer (T=86 na) in

Bombarding
Energy{MeV)

Average Multiplicity *
Observed Corrected

<M> <M>

132
140
151

10.8
15.3
17.2

12.8
18.5
21.0

a'not including decay of the isomer
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2.8 High-Spin g-Factors in 1 5 6' 1 6 0Gd

0. Hausser with H. Graf (University of Heidelberg), H. Grawe,
H.-E. Mahnke, W. Sentmler (HMI, Berlin), N. Rud (University
of Aarhus) and J. Keinonen (University of Gottingen)

An experiment to determine the g-factors of
collective high-spin states in the N--92, 96 nuclei 156,160G(j
has been completed. The states were populated by Coulomb
excitation with 86Kr beams from the VICKSI accelerator at HMI.
Recoils from multiply Coulomb-excited l^Gd or •'•°0Gd targets
were decelerated in ferromagnetic single crystals of Gd and
the precession angles resulting from the combined effects of
transient and static magnetic fields were measured in two
Ge(Li) detectors at 0y = +63°.

At a low bombarding energy (E = 191 MeV) the effec-
tive magnetization of the crystals was calibrated by well-
known g-factors of 4 and 6+ levels in 160Gd. At a high
bombarding energy (E = 331 MeV), high-spin states up to I= 16n
were significantly populated and precession angles for
y-transitions up to the 12+ -»• 10+ were obtained. The results
were analyzed adopting a quadratic dependence of the g-factor
with spin I, i.e. g(I) = g(2+) (1 + aI2)/(l + 4a). For the
velocity dependence of the transient field we used the express-
ion B(v,Z) = aZv/vo exp(-$v/vo) with a = 26.7 ± 1.7 T,
B = 0.135, which reproduces the precession results for the
6+ •* 4 + and 4 + •> 2 + transitions in 16°Gd (the static field is
B s = -24.5 + 1.5 T).

Table 2.8.1

Spin Dependence of g-Factors in ' Gd

Nucleus

160Gd

156Gd

160py

Neutron
Number

96

92

94

Ferro-
Magnet

Gd

Gd

Fe

10

-1

-2

-1

3a

.3

.0

.5

10

±0

±0

+1

3Aa

.8

.8

.6

.Error Contribution to

Statistical

0

0

1

17

20

3

Ag(2+)

0.42

0.09

Aa

0.47

0.50

103Aa
Extrapolation
of B(v,Z)
to large V

0.65

0.55

0

Origin

present
work

present
work

Andrews
et al.

1 6 0 In Table 2.8.1 the parameters a are shown for 156Gd
and Gd together with various sources of error. Both values
of a, especially that for 15<)Gd, a r e significantly negative,
implying a reduction of g-factors at high spins. This con-
clusion is in agreement with previous results for rare-earth
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nuclei with transient magnetic fields in iron (see entry in
Table 2.8.1 for 160Dy from Andrews et al., Phys. Rev. Lett.
45 (1980) 1835). In contrast to the measurements with iron
where the main error contribution is of statistical origin,
the dominant error contribution for gadolinium comes at present
from uncertainties in the magnetization of the sample and
from a lack of field-calibration data above v/vo = 6.

2.9 Decay Studies of the New isotopes 16 2' 1 6 3
Hf

U.J. Schrewe, E. Hagberg, H. Schmeing, J.C. Hardy,
V.T. Koslowsky, K.S. Sharma and E.T.H. Clifford

A paper has been written describing the first
observation of 3-delayed y-rays from the decays of 162,163nf.
We have earlier described the a-decay of 1 6 2Hf (PR-P-130:
2.14; AECL-7408).

The new isotopes, ^^Sf (tjj = 40.0 (6) s) and

142 24
37.6(8)s), were produced in gQNd (12

M9»xn) reactions

and transported to a measuring station by use of the He-jet
technique. Decay properties were observed with a,y and y-y
spectroscopy. The Z assignment was based on cross bombardment,
24 141

12Mg + cQPrf a n3 on results of y-x-ray coincidence measure-
ments. The mass assignment was deduced from Measured
excitation functions.

Beta-delayed y-rays were identified, 11 for 163Hf
and 3 for *°~Hf, and level schemes for the 3-decay daughters,
1 6 3Lu and 1 6 2Lu, were proposed. The 4308(10) keV a-decay
branch from 162nf was established as having an intensity of

0.0087 (^37)%- The reduced width W a = 2.6(^*2) for
 1 6 2Hf

is in accordance with those for neighbouring nuclei.

2.10 The Study of a-Activities in Re Isotopes with A ^ 167

U.J. Schrewe, E. Hagberg, J.C. Hardy, V.T. Koslowsky,
H. Schmeing and K.S. Sharma

A number of a-activities have been observed among
the very neutron-deficient isotopes of rhenium. These have
been assigned to 1 5 1~ 1 6 5Re (Hofmann et al., Proc. 4th Int.
Conf. Nuclei Far From Stability, Helsing^r 1981, CERN report
81-09, pg. 190) , " 6 7 ^ 8 R e (Schrewe et aL, Z. Physik A288
(1978) 189) and 168,169Re (Cabot ©t aL, Z. Physik A28TTT978) 71).
Unfortunately, the results do not appear consistent with one
another and, since only the work of Hofmann et al.is supported
by a positive mass assignment, it appeared tEat careful
remeasurement here with a different beam-target combination
could lead to a definitive result for the isotopes A > 165.
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A Sm target was bombarded with a beam of A£
(compound nucleus, 17lRe) at various energies between 90 and
150 MeV. Activities were transported by He-jet to a shielded
counting chamber, and excitation functions measured for the
a-activities observed. Analysis is in progress.

2.11 Crystal-Blocking Lifetime Measurements for Fission Fragments

from F Bombardment of Ta

J.S. Forster, W.M. Gibson (SUNY, Albany), I.V. Mitchell
(Solid State Science Branch) and K. Reichelt (IFF, KFA, Julich)

19
In earlier studies of fission induced by F

bombardment of a thin single crystal of 18lTa (PR-P-129: 2.10;
AECL-7328 and PR-P-127: 2.12; AECL-7102) we measured crystal-
blocking angular distributions for l^F bombarding energies
from 20 to 120 MeV in 2.5 MeV steps. From these data we
extracted the amount (XL) of long-lived prefissioning compound
nuclei as a function of bombarding energy. The energy de-
pendence of XL W£ts double-humped with maxima at ^ 97.5 and
<v 115 MeV and a minimum at ^ 105 MeV. However, data analysis
was complicated because of variation in the crystal imperfections
and corrections had to be applied,based on channeling measure-
ments for 1 MeV ^He, after the blocking experiment.

We have made six new Ta crystals and have repeated
most of the earlier measurements with one of the new ..
crystals. Fission-fragment blocking angular distributions
were made along a <100> axis at 165° to the beam direction
for 1 9F bombarding energies between 92.5 and 120 MeV in 2.5
MeV steps. In this experiment we limited the accumulated
charge to 50 pC on any particular spot to reduce the possibi-
lity of radiation damage (and hence an abnormally high
minimum yield in the blocking pattern); in the previous ex-
periments the accumulated charge was limited to 100 uC per
spot. Beam current was held below 15 nA to keep beam heating
effects to aiminimum. Finally, we measured blocking patterns
for 40 MeV 19F elastic scattering on 23 of the 48 spots used
in the fission measurements, which will allow us to assess
crystal damage as a function of position.

Preliminary analysis of some of the elastic-
scattering data indicates that the crystal perfection was
considerably better than in the previous measurements (minimum
yield ^ 9% as compared to ^ 18% in the earlier experiments).

Further data analysis is in progress.
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2.12 Crystal Blocking Lifetime Measurements for Fission Fragments

from O Bombardment of Au

J.S. Forster and I.V. Mitchell (Solid State Science Branch)

Crystal blocking lifetime measurements for O
bombardment of a thin single crystal of l^Au have been made
for bombarding energies from 82 MeV to 94 MeV in 2 MeV steps.
Blocking angular distributions of fission fragments were
measured along a <100> axis at 165° to the beam direction.

A preliminary analysis of the data (for details
see J.U. Andersen et al., K. Dan Vidensk. Selsk. Mat.-Fys.
Medd. 40_ (1980) 7) indicates a component of long-lived com-
pound nuclei (T > l C ^ s ) preceding fission, of ^ 6% at 82
and 84 MeV with < 1% at 86 MeV and above.

Further data analysis, as well as detailed
statistical-model calculations to compare with the experimen-
tal results, is in progress.

*\ Q O 9 "3 Q

2.13 The g-Factors of High-Spin Yrast States in Th and U

0. Hausser with H. Graf, L. Grodzins, E. Jaeschke, V. Metag
(MPI Kernphysik, Heidelberg), D. Habs and D. Pelte (University
of Heidelberg), H. Emling, E. Grosse, R. Kulessa, D. Schwalm,
R.S. Simon (GSI, Darmstadt) and J. Keinonen (University of
Gottingen)

The g-factors of very-high-spin rotational states
(I S 241L) in 232ih and 238u have been measured by the
transient-field method at the Heidelberg post-accelerator and
the UNILAC at GSI. Extremely large precession angles (̂ 0.24
radians) have been observed when Coulomb excited 2 MeV/n
actinide recoils decelerate in ferromagnetic Gd. The data
indicate that the transient magnetic fields are as large as
^ 8 kT and, taking previous data at CRNL into
consideration (see 0. Hausser, Hyperfine Interactions
£ (1981) 19), increase roughly linearly with Zrecoil'

Two separate beam bombardments were used to populate
different spin regimes, while the transient field integrated
over time was kept constant. With this novel technique the
spin dependence of the g-factors could be deduced largely
independently of the detailed velocity dependence of the
transient field. We find a significant increase of the g-
factors at spins I = 18-24H in both 232xh and 23°U, which is
the first direct evidence for rotational alignment of ii3/2
protons in the actinides. In 232Th there is also evidence for
rotational alignment of J15/2 neutrons below I = I6h. These
qualitative features are in agreement with recent cranked
shell-model calculations (Egido and Ring, preprint 1981, and
Frauendorf and Simon, GSI preprint 80-22, 1980).
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2.14 Radiocarbon Dating with the MP Tandem Accelerator

H.R. Andrews, G.C. Ball and J.C.D. Milton with R.M. Brown
(Environmental Research Branch) and N. Burn, Y. Imahori
(NRX Operations Branch)

A ten-day run was completed in late September.
During this time 134 independent measurements were carried out
on four sample loadings. The samples included, in addition to
the oxalic acid standard, carbon derived from 7 meteorite sam-
ples (supplied by Dr. E.L. Fueman, Astrophysical Observatory,
Smithsonian Institute, Cambridge, Mass.), 11 samples from the
Wasatch fault (Utah) earthquake study (supplied by Dr. Allan
Tucker, Dept. of Physics, San Jose", State University, San Jose,
California), 5 samples from the National Museum of Canada, two
calcite samples from the WNRE drilling program, one sample of
wood from a Perch Lake drill hole and eight samples for the
study of system background and performance.

A more detailed description of the samples and their
preparation is given in the Environmental Research Branch
Progress Report PR-HS-9: 3.13; AECL-7513. The final analysis
of the data is not yet completed.

After initial adjustments the System operated
without intervention except for sample changes and reloads of
the ion-source sample holder. Over the course of the run
there were 50 measurements of the oxalic acid standard which
showed a 0.6% standard deviation of the mean corrected for the
normalized chi-squared of 3.85. The variations were not just
random as shown by the results of Table 2.14.1 where we have
divided the 50 measurements into 5 groups of 10 each. It is
gratifying to note, however, that the difference between the
extreme values is less than 7%, which corresponds to an age
uncertainty of about 560 years. The age uncertainty correspond-
ing to the SDM of all the data is about 50 years. Thus, with
repeated comparisons between an unknown sample and the standard
it should be possible to approach an age error of 50-100 years
for samples of archaeological significance.

An important result of this experiment was the
observation (for the first time) of system backgrounds corres-
ponding to ages in excess of 50,000 years. The background
measurements with samples that should not contain -^C are
summarized in Table 2.14.2. Limestone samples #129 and #151
were independent aliquots of carbon black from the same prepara-
tion. Number 129 was retained in all four loadings. In the
first two it showed our previous typical background, which
corresponds to about 40,000 years; its *4C level then approxi-
mately doubled. This is believed to result from C0 2 absorption
by the caesiated surface during the sample loading process.
Sample #151, which had an identical preparation history, showed
a background level corresponding to about 55,000 years. This
result demonstrates that our previous limit was not determined
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Table 2.14.1

Reproducibility of NBS Oxalic Acid Data

Groupa) 14C/12C ratiob) SDMc) y2/(n-l)

1

2

3

4

5

All data

1.701

1.600

1.708

1.680

1.637

1.6626

0.020

0.0X3

0.016

0.016

0.023

0.0095

2.36

1.18

1.76

3.07

5.68

3.85

the 50 independent measurements divided into 5
groups of 10 values each.

the values quoted are proportional to the ratio
of 14c events per counting cycle to 12c integrator
pulses per counting cycle. This ratio, which is
proportional to the 14c/12c atomic ratio, is con-
venient for the comparisons of unknowns with the
NBS standard.

c)
the statistical error in the mean multiplied by the
square root of the normalized x 2 (if greater than 1)
to account for the goodness of fit.

by either accelerator C contamination or sample preparation.
Similar good results were obtained with a graphite sample in
the 4th loading. At present this background variability is
not understood; it could perhaps reflect large fluctuations
in the reactor-generated ambient atmospheric ^C concentra-
tions from period to period when the samples are being
handled or loaded into the ion source.

The results for the A£ blank presented in Table
2.14.2 show that the 14c content of carbon cracked from the
residual vacuum is consistent with the average levels of
local atmospheric CO2. The result from the 4th loading is
lowest (only 1 count in 20 cycles), being consistent with
the low background levels of the graphite and limestone
(#151) samples, in addition, the absolute 14c counts/cycle
from the A& blank can account for as much as 50% of the
observed background levels from these samples (compare
Table 2.14.2).
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Table 2,14.2

Determinations of System

Sample

Limestone #129a)

,.
•i i.

..

•i H

Limestone #151a)

u II

Graphite

AS- blank

Loading

1

1
2

3

4

4

4

4

2

3

4

Background

14C/12C Ratio

(1.33 + 0.20)

(1.27 ± 0.10)

(1.41 ± 0.12)

(2.66 + 0.30)

(2.20 ± 0.50)

(0.52 ± 0.10)

(0.21 ± 0.07)

(0.27 + 0.08)

(2.6 + 0.9 )

(1.8 ± 0.8 )

(1.0 ± 1.0 )

X

X

X

X

X

X

X

X

X

X

X

b)

10"4

10"4

10"4

10"4

10"4

lO"4

lO"4

lO"4

lO"2

10"2

io"2

14 c)
C counts/cycle

0.51

1.1
1.2

1.2

0.9

0.24

0.14

0.2

0.15

0.14

0.05

a^Two independent aliquots from the same preparation of carbon
black from a limestone sample.

b^Carbon from the NBS oxalic acid standard is "105% modern",
and has a 14C/12C ratio of 1.66 x 10"2 (see Table 2.14.1, note b)

c'The length of a 1 4C counting cycle is 45 s.

2.15 How Important are Optical-Model Parameters in Calculating
Delayed Proton Spectra?

J.C. Hardy

In calculating the probability of observing a proton
of energy Ep in B-delayed proton decay, it is necessary to
determine the penetrability of such a proton for all allowed
values of angular momentum Z. For this purpose, the Optical
Model (OM) is generally used to calculate transmission
coefficients (see J.A. Macdonald et al., Nucl. Phys. A288,
(1977) 1). Unfortunately, appropriate OM parameters are rarely
known for such low energies (1 MeV £ E p <_ 6 MeV) and never for
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the actual nuclei required (since they are radioactive them-
selves) . Previously we have used generalized parameter sets
to avoid, so far as possible, this problem.

Calculations have now been made, with Xe as a
test case, to establish the dependence on OM parameters.
Three quite-different sets were used as starting points:
(1) a set derived by F.G. Perey (Phys. Rev. 131 (1963) 745,
Atomic & Nucl. Data 17 (1976) 2) ; (2) set A from Johnson and
Kernell (Phys. Rev. 51 (1970) 639); and (3) set a from the
latter reference. The calculated proton spectra were similar
in shape for all three sets although displaced slightly
(£ 150 keV) in proton energy. The calculated PXCT x-ray
ratio (see PR-P-126: 2.18; AECL-7055) and excited-state
population in the daughter, 1 1 4Te, were both nearly indepen-
dent of the parameter set used. However, the calculated
proton branching ratio changed by a factor of three (from 0.14%
to 0.05%) between sets 2 and 3.

Detailed tests on individual parameters confirmed
that all significant differences in the results were
attributable to the choice of imaginary-well parameters,
particularly W and a. (All sets Used the surface derivative
form for the imaginary well.) This is not suprising since
the imaginary terms play a role analogous to that of the
reduced width. Since these terms are not determined with
particular precision from elastic-scattering measurements,
it is evident that one must regard proton branching-ratio
calculations with some skepticism. Other calculated properties
of delayed proton decay appear to be quite insensitive to this
source of uncertainty.

2.16 Tandem Electronics

J.P.D. O'Dacre, E.C. Waito and M. Shea

Five of twenty-nine power supplies for the ion
injector of the Tandem/SCC have been completed and tested.
Twenty-two of the remainder have printed circuit-board layouts
completed and are in the board shop for fabrication. If parts
deliveries from outside suppliers are smooth, it should be
possible to complete two of the remainder each week.

Design and development of the CAMAC fibre-optic
interface modules is delayed until completion of the common
control-interface board by another group.

Design of the inflection-magnet supply for the
injector is underway.

Construction of a prototype board for use with the
radiation-detection ion chambers is underway.
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2.17 MP Tandem Operation

J.C.D. Milton

There were a large number of tank openings during
the quarter in pursuit of accelerator upgrading and finding
the pressure-sensitive leak referred to in PR-P-130: 2.20;
AECL-7408. The leak was finally located in the terminal
vacuum pump manifold, but further localization proving impos-
sible, the manifold was replaced by an older version. The
vertical half of the new steerers between tube 1 and tube 2
were installed and the tube magnets were redistributed in the
"Brookhaven configuration", which is known to improve high
voltage operation. Once again, the low voltage transmission
decreased drastically. Considerable time was then spent
investigating the beam optics in the accelerator with
satisfactory results. It was found that at low voltages the
Brookhaven configuration provides too much up-steering in the
low energy tubes in a way that cannot be corrected by the tube
1 steerer. Removal of a few of the magnets that bend positive
ions upward solved the problem* For the first time we now
have good high-voltage holding properties combined with proton
transmission over 60% at 2 MV. Despite the upgrading achieved,
the scheduled down-time was reasonable and the unscheduled
down-time, again low (Table 2.17.1).

Table 2.17.1

MP Tandem Availability 1 June - 30 September

Hours

Beam Available
Scheduled Shutdown
Unscheduled Shutdown

2207 100.0

During the quarter 13 experiments were performed
involving CRNL and 8 visiting scientists. The visitors
participated in experiments occupying 68% of the experimental
time during which they provided 40% of the effort.

2.18 Test of a Silicon-Carbide Target for the On-Line Isotope
Separator

E. Hagberg, J.S. Wills, W.L. Perry, J.C. Hardy, H. S chine ing
and H.C. Evans, G.T. Ewan (Queen's University)

So far, a suitable silicon target for the on-line
isotope separator has not been found (PR-P-126: 2.22; AECL-7055)
It is difficult to make a pure silicon target thick enough for
our purpose and, furthermore, such a target cannot stand up
to the intense heat radiated from the ion source. Silicon
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carbide is a material that can withstand much higher tempera-
tures than pure silicon and other metal carbides have generally
been found to have very short release times for implanted
activities. We, therefore, decided to try SiC as a combined
target-catcher for the FEBIAD ion source.

A thin, precisely ground cylinder of SiC was mounted
concentrically outside our standard graphite catcher. The
production rates and release properties of isotopes of Na,
Ni, Cu and Zn were investigated with this ion source config-
uration and beams of 10B, 32g and 35c£. No extracted activity
was seen, resulting in upper limits of the ion-source
efficiency of 0.01% for all elements investigated.

The ion source was subsequently dismantled and the
SiC catcher was found to be intact with no visible damage
either from the hot and hostile conditions inside the ion
source or from the intense beams used. Gamma-spectroscopic
investigations of the catcher revealed that large quantities
of long-lived isotopes of the elements investigated were still
present. Despite the fact that the catcher had been heated
to above 1500°C most of the activities produced remained
buried inside the catcher. Our conclusion is therefore that
SiC, despite its abilities to withstand high temperatures and
intense beams, is not a suitable catcher material because of
its very long release times.

2.19 Direct Mass Measurements with the Isotope Separator

K.S. Sharma, J.C. Hardy, H. Schmeing, W.L. Perry, J.S. Wills,
E.Hagberg, V.T. Koslowsky, U.J. Schrewe and H.C. Evans (Queen's
University)

The techniques previously described (PR-P-129: 2.16;
AECL-7328) were modified to incorporate the use of a Ge(Li)
detector to detect the unstable atoms under study. A com-
plete y-spectrum is accumulated by the PDP-1 on an event-by-
event basis while the usual voltage and timing information is
recorded by the PDP-10. Later in the off-line analysis the
intensity of a particular y-ray line plotted as a function
of accelerating voltage is used to generate a mass spectral
peak for the nuclide associated with that y-ray.

An attempt was made to study the mass difference
between 20Na(t35 = 0.466s) and 2lNa(tjj = 22.8s) in early July.
While mass spectral peaks of both of the isotopes were
generated on separate scans it proved impossible to generate
both peaks on the same scan, as required for a complete
measurement. Although there were several unrelated problems,
none were fundamental, and a second on-line test is scheduled
for mid-October.
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2.20 Isotope Separator Resolution

H. Schmeing and K.5. Sharma

A highly stable accelerating voltage is an essential
requirement for achieving high resolution with an isotope
separator, and thus mandatory for our attempts to measure the
masses of radioactive isotopes directly (see PR-P-130: 2.22;
AECL-7408). As previously reported, the high-voltage ripple
performance of our instrument, as delivered, was measured
to be 10~4 (4 V peak-to-peak at 40 kV). The major contribu-
tion to this ripple has been found to originate with the
directly heated high-voltage series regulating tube (EIMAC 3-
100 Z). Substitution of an indirectly heated tube (3 CPX 1500 A7)
reduced the ripple contribution from the regulator by more
than a factor of 20. Following this change, the remaining
HV ripple of 1 V peak-to-peak was traced to the reference
supply. By substituting a temporarily available high-
performance voltage standard (Fluke 335A) we were able to
reduce the HV ripple to 200 mV peak-to-peak at 40 kV, or 5
parts in 10*>. Accurate measurements of the long-term drift
are in progress.

Besides high-voltage instabilities, the resolving
power of the separator can be limited by the energy spread
of the ions emerging from the plasma meniscus of the ion source.
An extensive literature search has led us to conclude that a
gridded retardation structure in an axial magnetic field is
the simplest system with which the spread could be measured
to the accuracy of ^ 0.5 V. The accelerating and retarding
voltages are identical. The final design of the device is
nearly complete.

2.21 Isotope Separator Ion-Optics

G.M. Hebb, K.S. Sharma, J.C. Hardy and H. Schmeing

The resolving power of an ion-optical system is a
complicated function of the many independent variables that
define the geometry of the apparatus used. As described
before (PR-P-130: 2.23; AECL-7408) a program has been obtained
that analyzes the ion-optics of mass spectrometers in
approximations valid to third order. This program has been
combined with other IMSL subroutines to search the multi-
dimensional parameter space for maxima of the resolving-
power function. Local maxima are avoided by using many,
strategically chosen, starting points for the iteration.

Initial tests of this search process have success-
fully reproduced the resolving power currently obtained
by the isotope separator. The program will be used in a
design study for a possible addition to the isotope separator,
which would enhance the resolving power of the system as a
whole.
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2.22 Ion Source Development for the On-Line Separator

H. Schmeing, J.S. Wills, D.N. Standish and J.C. Hardy

The development of the He-jet ion source system is
progressing on schedule (PR-P-129: 2.19; AECL-7328). The
heat shields for the ion source proper, the forged ion-source
cover plate and the ion-source base flange are the only
necessary parts still awaiting completion.

The testing of the prototype flash arrester (PR-P-127:
2.22; AECL-7102) has been continued. Closely spaced pairs
of double grids have proven to yield significantly better
Paschen curves than pairs of single grids. Grids of various
mesh sizes and materials are still being tested. The actual
step-down systems have been designed and submitted to the
shops. The design can accept whichever grid combination
proves to yield the highest break-down voltages at the lowest
resistance to gas flow.

2.23 Isotope Separator Operation

H. Schmeing, J.G. Hardy, W.L. Perry and J.S. Wills

The isotope separator was used almost continually
during this period. Three on-line runs took place, with a
total running time of eight days. The runs were dedicated to
(i) completing the data collection for the 7̂1-Br decay,
(ii) target tests, (iii) lifetime measurements and (iv) a first
attempt to measure masses of radioactive beams directly.
Direct mass measurements require high resolution, and conse-
quently about one week was allowed to tune the instrument prior
to running.

The balance of the time was used for the production
of implanted targets, in particular l^N j_n magnesium and ^Ar
in carbon, and for developing improvements in the high-voltage
ripple performance (see Section 2.22).

2.24 41Ar Half-Life

A.R. Rutledge, C M . Cotter, L.V. Smith and J.S. Merritt

41
The half-life of Ar was determined from samples

of irradiated argon gas counted with our automated 4TTY ioniza-
tign chamber (PR-P-125: 3.25; AECL-6956) and compared with
a 2 2 6Ra reference source. Two separate irradiations gave
half-life values of 1.8207 ± 0.0013 h and 1.8226 ± 0.0009 h,
where the uncertainty is one standard deviation. No longer-
lived impurities remained after the 4-*-Ar had decayed.
Separation of the data into two parts, each with approximately
30 data points, gave consistent results between the first
ree half-lives and the last six half-lives over which the
•Ar decay was followed. The 2 2 6Ra reference source gave
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consistent counting results throughout this period, and there-
fore the ^ A r data were used directly in computing the half-
life, i.e. normalization to the 226Ra counting rate was not
necessary. Our final result of 1.822 ± 0.002 h is the weighted
mean of the two runs and the uncertainty given is twice
the standard error.

1 25
2.25 I Standardization

J.S. Merritt and L.V. Smith

Two methods were compared in the determination of
the activity concentration of a solution of 1 25i : (i) y-y
coincidence counting (J.G.V. Taylor, Proceedings of a Symposium,
Vienna, 1966, IAEA) and (ii) sum-peak coincidence counting
(J.S. Eldridge and P. Crowther, Nucleonics £2 No.6, 5^ (1964)).
The two methods gave results that agreed to 0.5% for source
activities of ^ 1000 Bq, where the dead-time correction for
the sum-peak method with a 50-MHz ADC was 2%. However,
with higher source activities, the sum-peak method gave
inconsistent results, and at 20 000 Bq, where the dead-time
and pile-up corrections totalled about 30%, the sum-peak
method gave results that were too low by 4.2%. This study
suggests that pile-up and/or dead-time are problems that
restrict the usefulness of the method to rather low activities.

2.26 Noble-Gas Standards for Calibration of Stack-Effluent
Monitoring Systems

J.S. Merritt, L.V. Smith and A.R. Rutledge with W.F. Merritt
(Environmental Research Branch)

Standards of Ar, Kr and Xe were prepared
for the calibration of a prototype stack-effluent monitoring
system being developed by AECL for use at CANDU power stations.
The 41Ar was produced by irradiation of argon gas in the NRX
reactor. Following irradiation, samples of the active gas
were sealed into ampoules, which were measured in the 4 Try
ionization chamber. Then the contents of one of the ampoules
were mixed with air and transferred to a 10-L counting chamber
especially designed for the monitoring system (J.M. Cuttler,
J.E. Villagran and V.K. Mohindra, Report TDSI-108 (1981)).
The 85Kr was obtained from a commercial supplier, but the
gas-handling and counting were done similarly to 4lAr. A
report (AECL-7427) on these measurements and others for l 3

(PR-P-130: 2.29) has been prepared.

2. 27 Efficiency Calibration of the VIP10 Ge(Li) Detector for 1 3 3Xe

A.R. Rutledge, L.V. Smith and J.S. Merritt

A Xe standard from the U.S. National Bureau of
Standards (NBS), SRM 4307F-1, in a 30-mL spherical flask was
used to calibrate the efficiency of our VIP1-0 Ge(Li) detector
at two different source positions. A special holder was
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prepared so that the flask could be located precisely. The
79.6 and 81,0 keV y-rays were not well resolved and so the
sum of the areas under those peaks was included. One of our
standards of 1 3 3Ba, which decays via the same transitions, was
used as a reference point-source. An identical empty flask
is available for future requirements. The calibration data
are documented in report AECL-7427.

2.28 Standards Issued

J.S. Merritt, L.V. Smith and A.R. Rutledge

41Ar - Environmental Research

^Ar(2) - Instrument Development

59pe(2) - Environmental Research
85Kr - Environmental Research

- Instrument Development
85Sr(2) - Environmental Research
125I(2) - Medical Research

2.29 Miscellaneous Services

J.S. Merritt and R.H. Martin

Two sources of Co were prepared for Ihe Neutron
and Solid State Physics Branch.

Two samples were irradiated for the Nuclear Physics
Branch. One of these (erbium) was processed chemically to
remove substantial radioactive contaminants, mainly 182Ta.

2.30 Target Preparation Laboratory

J.L. Gallant and P. Dmytrenko

Routine targets were prepared for use in tandem
experiments.

Development of new techniques

1. Carbon-14 targets.

There is an increasing demand for carbon-14 targets
of the highest radiopurity possible. A technique has been
developed to convert Ba ^CO^ to acetylene. The proceduredeveloped to convert Ba ^CO^ to acetylene. The procedure
consists of reacting barium carbonate with lithium metal to
form lithium carbide and then reacting the carbide with water
to form acetylene. Acetylene is then cracked by r.f. or glow
discharge to produce carbon-14 targets. The critical aspect
of this procedure is to produce acetylene from the carbonate
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without substantially degrading the original carbon-14
radiopurity of 99% as provided by AECL-RC. Four targets were
prepared for Yale University physicists who, in a study of
the resonant radiative capture of alpha particles on carbon-14
targets, were able to determine for us the thickness and
isotopic purity of the targets.

From a survey prepared by T. Masterson, Colorado
University, several laboratories need high purity 1 4C targets.
Further work is required before these targets can be made
available commercially.

2. Single crystals.

There is a demand in Chalk River Nuclear Physics
research for thin single-crystal targets of molybdenum,
tantalum and tungsten for blocking measurements
(see 2.11). These crystals are produced by controlled vacuum
evaporation of the metal in high vacuum on a single crystal
of sapphire or magnesium oxide/ which is heated to > 1000°C.
Recently, an apparatus has been built to produce such crystals
on sapphire. The first molybdenum sample examined by the
channeling technique showed little evidence of epitaxial
growth. The sapphire on which it was evaporated will now be
examined to ascertain the quality of the crystal. Work on
this technique is continuing.

Work done for other branches

Laser mirrors were gold-coated for the Physical
Chemistry Branch.

2.31 SCC Control System Operation

R.L. Graham, W.F. Slater and L.D. Hansen (Mathematics and
Computation Branch)

The PDP-ll/34-based system has experienced a number
of failures during the past quarter, perhaps more than in any
previous quarter. The disc drives failed on August 28 as a
result of a power surge and again on September 9 probably as
a delayed result of very high room temperature followed by a
power shutdown on September 7. Other difficulties were
failure of a CAMAC crate, line printer inking problems, a
noisy line to one of the terminals and a hangup of the
magtape unit.
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2.32 Software Development for the SCC Control System

L.D. Hansen (Mathematics and Computation Branch), W.F. Slater
and R.L. Graham

In recent months the effort needed to study and
adapt the VICKSI control system software has been minimal be-
cause of the day-to-day demands for system maintenance,
providing help to the many users of the system,and pre-
occupation with specifying and ordering hardware for the
system. The resignation of one of us (LDH) will essentially
halt further software development until additional programmers
become available. This is likely to put control system
development on the critical path within the next year or so.

There is, however, a legacy of documents, in draft
form, describing much of the VICKSI control software on which
our system will be based. These documents will be edited
and issued as TASCC reports as rapidly as possible during the
coming months.

2.33 Mimic Diagrams on the SCC Colour TV Monitor

S. Roman (NRX Operations Branch), L.D. Hansen (Mathematics
and Computation Branch) and R.L. Graham

The first phase of adapting the TEXTOR mimic diagram
software (PR-P-130: 2.34; AECL-7408) has been completed and
a document describing how to use this software for developing
mimic diagrams has been written. A preliminary set of diagrams
for the SCC beam transport system has been generated.

Since the purpose of these diagrams is to provide
the operator with an easy-to-understand status report on
system operation, the monitor features of this software pack-
age will need to be invoked in the second phase of adaptation.
There is a slight problem: the TEXTOR software is based on an
early version of the VICKSI control system software.
Modifications are needed before the monitoring features will
work on the newer CRNL version of the VICKSI control software.

2.34 Hardware for the SCC Control System

R.L. Graham and R.B. Walker

Since our previous report (PR-P-130: 2.36; AECL-7408)
the changes in status of orders for CAMAC modules and other
hardware items needed to complete the control system for
Phase I are as follows:



- 33 -

I T E M

SPO CAMAC modules

Waveform display scopes

Y33A alphanumeric display
drivers

Raster scan hard copy unit

Scanning ADC CAMAC modules

Input Gate/Output Register
(IGOR) CAMAC modules

Stepping Motor Controller
(SMC) CAMAC modules

A2 crate controllers

L2 crate controllers

Fibre-optic coupled U-port
serial highway adapters

NO. Required

50

4
18

1

38

250

75

7

25
15

S T A T U S

on order

delivered

out on quote on a
revised specification

delivered

delivered and tested;
32 OK, 6 defective

specification revised;
out on quote
on order

received and tested

10 received, 5 defective

6 on order; delivery
overdue

The assessment of CAMAC equipment needed to control
the first of the new ion source cages has been completed.
Two CAMAC crates and two equipment cabinets will be needed.
System-variable names have been assigned and cables ordered.

2.35 SCC Control System Hardware Construction

R.B. Walker, R.E. Howard, W. Green and J.J. Hill

A second manual status pulse output (SPO) module
has been constructed and eight more are ordered. The manual
input gate, output register (IGOR) modules have been modified
so that they simulate all properties of the CRNL IGOR CAMAC
modules. The current status of manual (m) modules is as follows:

(M) IGOR
(M) SPO
(M) SMC
Position

Indicators

5 built
2 built and 8 to come
6 built

2 built

Modifications to the locally built Y33A alphanumeric
display drivers (see PR-P-130: 2.35; AECL-7408) are now com-
plete and five of these units now have larger EPROMS with the
128 character set needed for the SCC control system.
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2.36 Scanning ADC Test Procedure

R.E. Howard, R.B. Walker and R.L. Graham

A prototype ADC test module (see PR-P-130: 2.33;
AECL-7408) has been constructed and calibrated. A MUMTI
language test program is being developed.

Preliminary tests of the 38 recently-delivered
scanning ADC CAMAC modules indicate malfunctions in several
units. Altogether six will have to be returned to the
manufacturer for repair under warranty.

2.37 Progress on the Injection Beam Line for the SCC

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

Drawings for cabinets and support structures for
the cyclotron injection line to BI5 and the bypass line to
BEl have been submitted and work has begun in the main shops.
The estimated time of completion is June 1982. Design work
is continuing on beam-line details and the pre-tandem
injection line.

Orders are being processed for the ion-cage inflec-
tion magnet and the 45° Y magnet. Danfysik has begun tests
on quadrupoles. QI-15 was 5% deficient in field but a small
addition of iron to the pole faces is expected to remedy
the problem. This change will be incorporated in the other
units at the time of machining.

2. 38 Beam Transport Diagnostics for the Tandem Cyclotron Project

T.K. Alexander, J.S. Geiger, N.C. Bray, A.S.C. Hyde, P. Jones,
J.J. Hill, J.S. Porster, W.G. Davies and K.J. Brown (Design
and Technical Services Branch)

Purchase orders have been placed for the beam-line
Faraday cups and beam profile monitors. Progress on the
adjustable slit assemblies is reported in section 2.40.

Methods to measure beam-pulse widths at locations
in the injection line between the tandem and the cyclotron
have been discussed. A system based on the channel-plate
multiplier device used at Stony Brook appears to be suitable.

2.39 Beam Profile Monitors

T.K. Alexander, J.J. Hill and M.J. Steer

A novel beam-profile monitor has been designed and
made with an existing monitor as a basis. The new device
scans the beam in such a way as to give horizontal, vertical
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and diagonal projections of the beam intensity. Most beam-
scanner devices give either horizontal or vertical projections
or both, but not a third. The third projection can exclude
some ambiguities in the beam intensity distribution. The
scans of the beam are referenced to the desired centre line
by magnetic pick-up of the orientation of the scanning wire.
Preliminary tests with an 800 nA, 40 MeV 12c4+ beam from the
MP tandem accelerator have shown that the device works
sati s factorily.

2.40 Motor Driven Four-Way Adjustable Slit Assemblies

N.C. Bray and T.K. Alexander

Work on the prototype model of the new adjustable
slits is now completed. The design of the slit jaws has
been simplified and tantalum is now used instead of tungsten.
This change removes the need for brazed on copper backing
plates for the jaws. On-line testing of this unit, together
with its low-pressure water cooling system, will begin soon.

The work order for the machining of components
for the TANDEM-SCC Phase I assemblies has been placed. De-
livery is quoted at four months. Assembly of these units will
be done at CRNL. Phase I requires five x-y units, one x-x
and one x.

The Materials Science Branch at WNRE is also using
this slit-assembly design in its new proton-irradiation
facility. They will be producing two x-y units.

2.41 Progress on the BTS Vacuum System for the SCC

H.R. Andrews, P.J. Sharp and A.S.C. Hyde

The conceptual design-of the vacuum-control system
is nearly complete ; prototypes of the section controller
and device controller modules exist and have undergone
preliminary testing. The detailed design of the amplifier-
set-point module also exists and a prototype printed circuit
board is in preparation. We have ordered or have quotes for
most of the electronic components needed for the Phase 1
vacuum-control system.

All the ion pumps, controllers and vacuum gauges
for Phase 1 have been ordered and the valve order is awaiting
an updated quote. Parts have also been ordered for a portable
roughing station based on a small turbomolecular pump.
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2.42 Heavy-Ion Beam Development for the SCC

H.R. Andrews and Y. Imahori (NRX Operations Branch)

Orders have been placed for two new ion sources:
a Hiconex Cs-beam sputter source and a charge-exchange source
based on a Danfysik universal positive-ion source and an
alkali-metal charge-exchange canal.

2.43 Laser Magnetic Resonance

D.R. Smith, J.S. Geiger and J.D. Bonnett with A. Carrington
(University of Southampton)

See PR-CMa-58: 3.3.2; AECL-7517

2.44 Deuterium Photodisintegration - Parity Violation Experiment

E.D. Earle and J.W. Knowles with A.B. McDonald and J.J. Hill

See PR-P-131: 3.19; AECL-7510

2.45 Parity Mixing in 21Ne

E.D. Earle with A.B. McDonald, H.-B. Mak (Queen's University),
E. Adelberger, K. Snover and E. Swanson (University of
Washington)

See PR-P-131: 3.20; AECL'-751P

2.46 CdTe Detectors

K.W. MacLean, R.J. Toone and G.A. Tapp with W.F. Slater

See PR-P-131: 3.27; AECL-7510

2.47 Time-of-Fliqht Spectrometer for Slow Heavy Ions

W.N. Lennard, D. Phillips, I.V. Mitchell, M. Freeman,
D.A.S. Walker in collaboration with H.R. Andrews and D. Ward

See PR-CMa-58: 1.2.1; AECL-7517

2.48 Efficiency of Time-of-Flight Detectors

W.N. Lennard, D. Phillips, I.V. Mitchell in collaboration
with H.R. Andrews and D. ward

See PR-CMa-58: 1.2.2; AECL-7517

2.49 Dependence of Heavy Ion Energy Loss on Foil Thickness

W.N. Lennard, D. Phillips, M. Freeman, I.V. Mitchell in
collaboration with H.R. Andrews and D. Ward

See PR-CMa-58: 1.2.3; AECL-7517
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2.50 Publications and Lectures

a) Publications

DOUBLE SPECTATOR POLES OBSERVED IN A DOUBLE COINCIDENCE STUDY

OF THE 6Li + 6Li. •*• 2a + 2d REACTION
R.E. Warner, G.C. Ball, W.G. Davies and J.S. Forster
Nuclear Physics A365 (1981) 142

AVERAGE g-FACTORS FOR HIGH-SPIN STATES IN '°Kr
D. Ward, H.R. Andrews, A.J. Ferguson, 0. Hausser, N. Rud,
P. Skensved, J. Keinonen and P. Taras
Nuclear Physics A365 (1981) 173

THE GROUND-STATE ROTATIONAL BAND IN 1 7 5Lu
P. Skensved, R. Chapman, R.L. Kozub, J.R. Leslie, W. McLatchie,
D. Ward, H.R. Andrews and 0. Hausser
Nuclear Physics A366 (1981) 125

THE CHALK RIVER ON-LINE ISOTOPE SEPARATOR
H. Schmeing, J.C. Hardy, E. Hagberg, W.L. Perry, J.S. Wills,
J. Camplan and B. Rosenbaum
Nuclear Instruments & Methods 186 (1981) 47

CROSS SECTIONS FOR THE 16O(16O,8Be g )
24Mg REACTION AND

MECHANISMS OF a-REARRANGEMENT REACTIONS
Bibiana Cujec, A.J. Ferguson, O. Hausser, D. Horn and
R.E. Warner
Canadian Journal of Physics 59̂  (1981) 1233

STATUS OF THE COINCIDENCE-COUNTING SYSTEM USED FOR THE
METROLOGY OF RADIONUCLIDES, AND THE STANDARDIZATION OF
60Co AND 57CO
L.V. Smith, A.R. Rutledge and J.S. Merritt
AECL-7253, June 1981

NUCLEAR MOMENTS
0. Hausser
Encyclopedia of Physics, edited by R.L. Lerner and
G.L. Trigg, (Addison-Wesley, Reading, Mass.) p.679

The following contributions were published in the Conference
proceedings of the 4th International Conference on Nuclei Far
From Stability, held in Helsingjtfr 1981 (7-13 June, 1981):

PRECISION MASS MEASUREMENTS
V.T. Koslowsky, J.C. Hardy, R.E. Azuma, G.C. Ball, E.T.H.
Clifford, W.G. Davies, E. Hagberg, H. Schmeing, U.J. Schrewe
and K.S. Sharma
Chapter II, page 115
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FIRST OBSERVATION OF 162Hf DECAY: COMPLETION OF AN a-DECAY
CHAIN
U.J. Schrewe, E. Hagberg, H. Schmeing, J.C. Hardy, V, Koslowsky,
K.S. Sharma and E.T.H. Clifford
Chapter II, page 178

DECAY EXPERIMENTS TO TEST 8- AND y-STRENGTH FUNCTIONS
J.C. Hardy
Chapter III, page 217

KINEMATIC SHIFTS OF 6-DELAYED PARTICLES AS A PROBE OF 0-v
ANGULAR CORRELATIONS
E.T.H. Clifford, J.C. Hardy, H. Schmeing, R.E. Azuma, H.C. Evans,
T. Faestermann, E. Hagberg, K.P. Jackson, V.T. Koslowsky and
U.J. Schrewe
Chapter III, page 306

THE DECAY OF A NEW NUCLIDE: 71Br
E. Hagberg, J.C. Hardy, H. Schmeing, H.C. Evans, U.J. Schrewe,
V. Koslowsky, K.S. Sharma and E.T.H. Clifford
Chapter IV, page 402

b) Lectures

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
Paper presented at the IAEA Symposium on Methods of Low-Level
Counting and Spectroinetry held in West Berlin, 1981 April 6-10.

NUCLEAR MOMENTF AT HIGH SPIN
0. Hausser
Invited talk at International Workshop on Nuclear Structure
at High Spin, Niels Bohr Institute, Copenhagen, 1981 May 22.

NUCLEAR PHYSICS AT CHALK RIVER
J.C. Hardy
Seminar presented at University of Oslo, Norway*
1981 June 17,

HIGH SPIN EXCITATIONS IN NUCLEI
0. Hausser
Colloquia at Universities of Gottingen (April 10), Munich (May 8) ,
Cologue (May 26), Marburg (June 25), Utrecht (June 30) and
Groningen (July 2).
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g-FACTORS OF HIGH SPIN STATES
H.R. Andrews
Invited talk at the American Chemical Society, symposium
on Nuclear Chemistry held in New York City 1981/August 24.

PARITY VIOLATION IN NUCLEI
A.B. McDonald
Seminar presented at Princeton University, Princeton, N.J.
1981 September 23.

Text of the above lectures may not be available in print.
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3.5 Lattice Vibrations of HgSe
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Annihilation

3.16 Temperature Dependence of Positron Annihilation in
FeCo

3.17 Spectrometer Control System
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Bremsstrahlung Monochromator
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BRANCH HEAD: G. Dolling

SECTION I

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

SECTION II

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

Earle
Lone

SECTION III

J.G.V. Taylor
H. Schmeing(7)

GLASSBLOWING
J.G. Wesanko

DESIGN

W. HeAlpin
J. Dunn(ll)

R.A.
B.F.

Technical Staff

SOLID STATE PHYSICS

J.C. Evans
H.F. Nieman
M.M. Potter
D.C. Tennant

NEUTRON NUCLEAR PHYSICS

R.N. King
L.A. Milani(4)
W.P. Mills

COUNTER DEVELOPMENT

H.A. Gulick
W.M. Inglis(8)
G.A. Tapp(9)
R.J. Toone

WORKSHOPS
A.H. Hewitt
H.C. Spenceley
K.H. Whitlock

SECRETARIAL STAFF

A.M. VanDine

Summer Staff

Cowley(2)
Milton(3)

J.A. Latouf(5)
M.B. Woods(6)

K.W. MacLean(lO)

1. On leave of absence at BNL, departed September 1
2. Summer professor from U. of Edinburgh, terminated August 21
3. Summer student from McGill University, terminated September 8
4. Transferred from Counter Development Section to Neutron

Nuclear Physics Section, August 1
5. Summer student from Windsor University, terminated

September 4
6. Summer student from Queen's University, terminated August 28
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7. Transferred to Nuclear Physics Branch, August 1
8. Transferred from Neutron Nuclear Physics to Counter

Development, August 1
9. Joined Branch, August 10
10. Summer student from McGill University, terminated August 28
11. Seconded from Design and Technical Service Branch
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3.2 Phonons in Carbon Disulphide
B.M. Powell, G. Dolling with B.H. Torrie (University of
Waterloo)

Measurements of the intermolecular mode frequencies
in carbon disulphide at 148 K have been continued
(PR-P-127: 3.2; AECL-7102). A new single crystal was
grown and oriented with its (Olck) plane in the scattering
plane of the spectrometer. Measurements were made of
phonon frequencies at the Y(100) point and along the
A[100] direction. Six of the ten possible frequencies at
Y were identified and three of the ten dispersion curves
along A[100] were outlined.

In total, 34 of 42 distinct frequencies at the
points r, S, R, Z, A, Q and Y have now been identified
together with six of the ten dispersion curves along the A
[001] direction and the three dispersion curves along
[100] referred to above. Values of the elastic constants
cilr C33' C«t̂  an& C55 have been derived from the acoustic
branches of the dispersion curves. The data has been
compared with the predictions of two different models for
the interatomic potentials (G.S. Pawley, G. Dolling,
B.M. Powell and B.H. Torrie, Can. J. Phys. J>9 (1981) 122;
P.J. Grout and J.W. Leech, to be published), whose
parameters have been optimized for temperatures lower than
that at which the experimental data was measured. Neither
model adequately describes the present results.

3.3 Crystal Structures of d-Bromoform

B.M. Powell with B.H. Torrie and R. Myers (University of
Waterloo)

The chemical composition of bromoform (CHBr3) differs
from that of tetrabromomethane (CBrij) by the replacement
of one Br by an H. The resultant dipole moment of the
bromoform molecule is therefore expected to lead to a
different high temperature crystal structure. The high
temperature phase of CBr^ is known to have an orientatio-
nally disordered fee structure, while that of CHBr3 is
reported to be hexagonal with the dipoles pointing with
equal probability along +c.
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The crystal structures of deuterated bromoform
(CDBra) were investigated by the neutron powder-profile
technique. Measurements were made in the high temperature
phase at 273 K and in a metastable phase at 14 K. This
phase was subsequently annealed to an equilibrium phase at
220 K and measurements at this temperature and at
12 K were made. Preliminary analysis of the data confirm
that the high temperature phase is hexagonal, with two
equally occupied orientations for the CDBr3 molecule. The
equilibrium low temperature phase at 220 K and 12 K
appears to have a triclinic structure. The bromoform
molecules are orientationally ordered and the shortest
intermolecular Br-Br distance is little changed from its
value in the high temperature phase. In the metastable
phase at 14 K a residual component appears to remain from
the high temperature phase but the remainder of the
crystal appears to have a trigonal crystal structure.
Further analysis of all three phases is continuing. A
hysteresis effect of « 5 K was observed at the transition
from the high to low temperature phase at • 264 K.
Diffuse scattering observed in the high temperature phase
showed little structure as a function of scattering angle,
suggesting that there may be little correlation between the
relative orientations of adjacent bromoform molecules.

3.4 The Nature of Plastic Crystals

B.M. Powell and G. Dolling with V.F. Sears (Theoretical
Physics Branch)

From the series of experiments completed on SFe, CBr4
and B-N2 the centre of mass crystal structures of their
plastic phases have been determined and their
orientational disorder has been specified in terms of
orientational probability distributions. Diffuse
scattering observed in CBr^ is reasonably well described
assuming randomly oriented molecules, but the description
is improved by the inclusion of effects due to steric
hindrance. The assumption of randomly oriented molecules
in B-N2 agrees with the observed orientational probability
distribution, but gives a poor description of the diffuse
scattering. Librational phonons could not be observed in
g-N2 and even the translational phonons appear to be
broad. The observed lineshape of the phonons propagating
along the symmetry axis is reasonably well described in
terms of the bilinear coupling theory proposed by Michel
and Naudts to describe translational-rotational
interactions in plastic crystals.
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3.5 Lattice Vibrations of HgSe

T.M. Holden, G. Dolling with J. Purdyna (Purdue
University)

Further measurements (PR-P-128: 3.2? AECL-7234) of
the phonon dispersion relation of HgSe have been made with
the C5 and N5 triple-axis crystal spectrometers. The
optic phonon frequencies are difficult to measure because
of the high absorption cross section of Hg and the often
unfavourable platelike shape of the sample. Nevertheless,
LO and TO branches have been obtained in the [00;]
direction together with some measurements in the [;;O] and
I directions. Further experiments are planned.

3.6 Assessment of Program of Neutron Scattering from Metallic
Glasses

T.M. Holden

Neutron scattering has provided an excellent probe of
the nature of the vibrations in glasses where there is no
long range positional order. Results for the metallic
glass Cug,6Zr0.4 a t large wavevectors have shown that
the density of vibrational states can be well represented
over the frequency range 1 to 10 THz by a single Gaussian
curve. Compared with copper there is a clear excess in
the density of states at low frequencies and the
relatively sharp high-frequency cut-off exhibited by the
pure metal does not occur. Unlike the behaviour expected
for an alloy with a periodic lattice, in the glass there
are no obvious local modes associated with the vibrations
of the lighter atom and no features associated with
longitudinal or transverse modes (T.M. Holden, G.C.
Hallam, J.S. Dugdale and D. Pavuna, J. Phys. F. Metal
Phys., 11 (1981) 1737; T.M. Holden, G.C. Hallam, J.S.
Dugdale* and D. Pavuna, Proc. Symp. on Neutron Scattering,
1981, Aug. 12-14, Argonne National Laboratory, AIP Conf.
Proc. Series, in press). A further study of the
scattering from Cun.6Zr0.4 a t wavevectors below the
first maximum in S(Q) is planned where theory (S.
Kobayashi and S. Takeuchi, J. Phys. C , Solid St. Phys.
13 (1980) 1969) predicts a longitudinal phonon mode with
TTnite frequency width. Experiments on a sample of
Cu0.28Zr0.72 a r e also planned to investigate the
dependence of the results on the concentration of the
components.
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3.7 Lattice Dynamics of Nip.5AIQ.5

E.C. Svensson with E.D. Hallman (Laurentian University)

A study of the dynamics of the equiatomic alloy,
nickel aluminum, was begun during this quarter. This
alloy has the ordered p-brass (CsCl) structure at room
temperature, and is believed to disorder at high
temperatures. An investigation of the effects of disorder
will be made (at 800°C) as a later part of this study.
The 2 cm3crystal was grown by J. Greedan at McMaster
University. To date, 75 phonon frequencies covering all
symmetry directions have been measured at room
temperature, using the N5 spectrometer. Phonon
frequencies up to 10.5 THz were obtained. This is well
above the maximum frequency of 8.7 THz for nickel, as
would be expected from the higher melting temperature
(1630°C vs. 1440°C for nickel). Large splittings in the
phonon dispersion curves were observed near the new zone
boundaries which are present only in the ordered
structure. Representative values of these splittings are
2.5 THz for [OOcJT at ? = 0.5 and 4.2 THz for U00]L at ?
= 0.5, for UsO]L at 5 = 0.25 and for UeeJL at ? = 0.25.
The phonon peaks were quite well defined, but for several
positions near the new zone boundaries the intensities
were very low probably because of structure factor
considerations. A Born-von Karman fitting program has
been adapted for this structure, and the results will be
analysed to obtain alloy force constants.

3.8 Lattice Dynamics of Cu0.g9Gen.nfi

E.C. Svensson with E.D. Hallman (Laurentian University)

The Gaussian-Lorentzian deconvolution procedure
referred to in an earlier report (PR-P-127: 3.4;
AECL-7102) has now been completed. At 96 K, where the
intrinsic widths are too small to be accurately determined
under the resolution conditions of our instrument, we
obtain an average value of 0.1 _+ 0.1 THz. At 500 K, the
widths (for all branches), when plotted against the
corresponding phonon frequencies, give a two peaked
distribution which is reminiscent of the phonon frequency
distribution. The lower frequency peak, which is rather
broad, is centred at about 4 THz, and has a height of 0.3
THz. The higher frequency peak, which is much sharper and
about twice as high, is centred at about 7 THz.
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3.9 Temperature Dependence of S(Q,M) for Liquid ^He

E.C. Svensson with E. Talbot (University of Toronto)

The program (PR-P-129: 3.6; AECL-7328) of quantita-
tive analysis of S(Q,w,T) in terms of two components with
weights proportional to the superfluid and normal-fluid
fractions Ns » P S/P and N n = 1-NS, i.e.,

S(Q,w,T) » NsSs(Q,WfT) + NnSn(Q,M,T) (1)

as first proposed by Woods and Svensson (Phys. Rev. Lett.
41 (1978) 974), has been continued. In the first stage of
this analysis we have assumed that Ss(Q,<o,T) consists of
a one-phonon peak having an intrinsic Lorentzian lineshape
broadened by the Gaussian experimental resolution, and a
broad multiphonon contribution centred at higher
frequencies. Allowance has been made for the changes with
temperature of the width and the position of the
one-phonon peak, but the shape of the multiphonon
component (determined from the measurements at 1.0 K) has
been assumed to be independent of temperature.
Sn(Q,«,T) is taken basically from the measurement at
2.27 K but with the shape adjusted slightly at each
temperature so as to satisfy detailed balance and keep the
first-moment constant. The weak residual backgrounds that
are known to exist under the experimental distributions
have, for the present, been ignored, but we intend to
attempt to remove them by a self-consistent procedure.

Thus far we have calculated S(Q,w,T) for Q = 0.800,
1.130 and 1.926 A"1 at temperatures of 1.38, 1.77,
1.97, 2.07, 2.12 and 2.15 K. The calculated distributions
give a good qualitative description of the corresponding
experimental distributions but there are some significant
discrepancies. Most seriously, the model predicts that
the intensity of the one-phonon peak should decrease more
rapidly with increasing temperature than is observed. At
present, it is not clear if these discrepancies can be
attributed to inadequacies in the assumed form of the line
shapes and/or the effects of the residual backgrounds, or
whether they indicate that the weighting implied by (1) is
not strictly correct at those wavevectors studied in the
measurements.

3.10 Random Heisenberg Antiferromagnet in a Uniform Magnetic
Field

R.A. Cowley and W.J.L. Buyers

It is predicted theoretically that a randomly diluted
antiferromagnet in a uniform magnetic field cannot support

* 1 & = 0.1 nm
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long-range magnetic order. Instead the crystal forms
domains by rotating clusters of spins so that their net
ferromagnetic component (non-zero because of the random
concentration fluctuations) is aligned along the direction
of the external field. For this to result in a net
lowering of the crystal energy it is necessary that the
spins are in a ramified cluster, i.e., connected by weak
one-dimensional bonds to neighbouring clusters so that the
domain wall energy is low. The (100) magnetic Bragg peak
and its associated critical scattering were studied in
Mng.73Zno.22f2 with and without application of a
4.3 T magnetic field. A clean, high resolution
configuration of the C5 spectrometer was achieved with
Ge(lll) planes at 0.4° collimation before and after the
specimen, a scattered neutron energy of 3.3 THz, and a
graphite filter. On application of the field only small
changes were observed in the long-range order as measured
by the intensity of the Bragg peak but the diffuse
scattering in the range 47-48 K increased by an order of
magnitude. The increase was confined to small wavevectors
transverse to (100) analogous to a mosaic spread
broadening. However, measurements around (200) showed
that there was no increase in the mosaic spread of the
underlying crystal structure so that the broadening arises
entirely from the spin fluctuations. These results
contrast with the behaviour recently observed in the Ising
antiferromagnet Coi_cZncF2 where the long-range
order disappears on application of a field.

3.11 Magnetic and Vibrational Inelastic Scattering in Uranium
Sulphide

T.M. Holden and W.J.L. Buyers, with J.A. Jackman
(University of Guelph) and P. de V. DuPlessis (Rand
Africaans University)

The measurements of the neutron scattering in uranium
sulphide have been continued using the same configuration
of the C5 triple-axis spectrometer as previously
(PR-P-130: 3.2; AECL-7408). Accurate background counts
were obtained by replacing the crystals and their aluminum
support by a specimen consisting only of a similar
aluminum support. Coherent inelastic phonon scattering
from the polycrystalline aluminum support was observed at
all wavevectors and accounts for the "shoulder" previously
seen between the acoustic and optic phonon bands
(PR-P-125:3.8; AECL-6956).
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3.12 Solitons in One Dimensional Antiferromagnets

W.J.L. Buyers with S. Nagler and R.L. Armstrong
(University of Toronto)

The spin dynamics of the S * 1/2 Ising~like
antiferromagnet is dominated by propagating domain walls
or solitons. An improved theory of their low frequency
dynamics has been developed, yielding new results for the
thermally activated soliton scattering. The collective
mode of Villain is present as well as a continuum of
scattering due to single domain-wall pair states.

Neutron scattering experiments on CsCoBr3 at the N5
spectrometer have confirmed the main features of the new
theory. The peak due to the Villain mode has been
observed for the first time and the presence/ spectral
shape, and polarization of the continuum scattering has
been determined and found to be in good agreement with the
theory.

3.13 Small Angle Neutron Scattering from Earthworm Hemoglobin

P. Martel and B.M. Powell with S.N. Vinogradov (Wayne
State University, Detroit)

The quaternary structure of Lumbricus terrestris
hemoglobin has been probed as a function of solvent pH and
heat treatment. Subjecting this hemoglobin to pH 9 for
one hour and then reverting to normal pH has been found
(by chromatography.) to cause damage to the overall, or
quaternary structure which has the form of a hollow
cylinder. Our neutron scattering curves show very little
change with alkaline treatment; there is a doubling of the
background, and a large maximum in the scattering curve at
]$| « 0.1A"1 observed at normal pH appears to become
less sharp for the treated specimens. Holding the
specimens at 60°C and 75°C for one hour causes changes in
this and other peaks at higher \~&\ when the material is
subsequently examined at room temperature. The higher
temperature produces a larger effect and results in the
disappearance of all higher |Q( structures. Analysis of
the data is proceeding with the program described in
PR-P-130: 3.11? AECL-7408.



- 51 -

3.14 Wide Angle Neutron Scattering from Human Hemoglobin

P. Martel

Preliminary measurements have been carried out on dry
human hemoglobin (type IV oxyhemoglobin and type III
methemoglobin, purchased from Sigma Chemical Co.). The
aim of these experiments was to obtain information about
the frequency distribution function as well as to see if
the iron-histidine mode (seen in Raman scattering) could
be observed at 5.6 THz. Elastic measurements on
oxyhemoglobin indicated that dry material (as received)
had very little crystallinity. According to M.P. Perutz
(Proc. Roy. Soc. A225 (1954) 264) good crystals cannot be
obtained unless hemoglobin is maintained in a humid
environment. In type III and type IV hemoglobin, the
inelastic scattering for most wavevectors decreased as the
frequency increased from zero to » 5 THz, and tended to
increase again beyond 6 THz. At 0 - 5A~^ there appeared
to be a slight bump in the intensity at about 4 THz.
More background measurements are needed to verify the
results but it now appears that a mode at 5.6 THz is not
observable in dry hemoglobin.

3.15
Annihilation

5.M. Kim and W.J.L. Buyers with J.A. Jackman (University
of Guelph)

Although extensive measurements of the mechanical and
physical properties and of diffusion have been made in
thorium metal, its vacancy formation energy is not known
despite its relevance to the high temperature strength of
metallic fuels. We have obtained initial estimates of the
vacancy formation energy by the positron annihilation peak
coincidence method. A specimen in the form of a rod of
rectangular cross section was heated up to 1000°C by
passing through it a current of up to 100 A at 2 volts.
The temperature was measured with Pt-Pt 10% Rh
thermocouples (later with W 5% Re-W 26% Re thermocouples)
welded directly to the specimen and the temperature
controlled to + 3°C by a Thermae Series 6000 Controller.
For reasons not yet understood, these thermocouples became
detached from the specimen as the temperature was raised
above «• 1000°C. Fortunately, the peak rate clearly showed
a rise indicative of positron trapping by
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equilibrium vacancies at temperatures above - 600°C. The
threshold temperature for vacancy trapping, T̂ -, was
determined to be in the range 950 + 30 K. The vacancy
formation energy Ev obtained from the semi-empirical
relationship, E v = 15 kTt, is thus 1.23 + 0.04 eV in
a-thorium. This formation energy is lower than the value,
E v «> 1.68 eV, estimated from the diffusion data using
the common relationship Ev - Q/2, where Q is the
activation energy for self-diffusion. It is thought that
E v is lower than Q/2 because a-thorium has soft elastic
moduli so that appreciable atomic relaxation occurs around
vacancies, thus reducing the value of E v. The measured
formation energy of E v - 1.23 eV is in good agreement
with the estimate made by D. Peterson, Ames Laboratory,
Iowa, in cooperation with whom further measurements on
higher purity thorium are planned. D.H. Walker of Reactor
Physics supplied the thorium.

3.16 Temperature Dependence of Positron Annihilation in FeCo

S.M. Kim and W.J.L. Buyers with J.A. Jackman (University
of Guelph)

Measurements of the temperature dependence of the
angular correlation peak count rate in stoichiometric FeCo
(PR-P-128: 3.8; AECL-7234) are now complete from 20°C to
1280°C. The bcc and fee phase transition at 985°C is
clearly observable as a sharp, reversible, 3.2% decrease
in the coincidence count rate. A change of this magnitude
is probably caused by the decrease of the monovacancy
population in the fee phase, since the trapping cross
section is thought to be relatively constant for all
metals, and the positron has been shown to be fairly
insensitive to the volume change brought about by a
similar phase transition in pure Fe (S.M. Kim and W.J.L.
Buyers, J. Phys. F, Metal Physics, j3 (1978) L103). The
vacancy formation enthalpies can be estimated from an
empirical relationship with the threshold temperatures,
(J.L. Campbell and C.W. Schulte, Appl. Phys., 19 (1979)
152), and are found to be 1.47 + 0.05 eV and 1.63 + 0.05
eV for the bcc and fee phases, respectively. Experiments
measuring the rate of ordering of quenched specimens have
produced vacancy formation enthalpies which are lower by
30-40%. These experiments do not measure the vacancy
population in equilibrium, and are probably less accurate
than the present study.

To our knowledge, no reliable measurements of the
activation energies for vacancy assisted self-diffusion in
FeCo have been made. We have therefore made use of an
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empirical relationship between the threshold temperatures
and the self-diffusion energies, and estimate the vacancy
assisted self-diffusion energies to be 2.45 eV for the bcc
phase and 2.74 eV for the fee phase.

3.17 Spectrometer Control System

M.M. Potter and W.J.L. Buyers

Extension of the C5 spectrometer control system to the L3
and N5 spectrometers is being carried out. The
present network is being replaced with a faster more
powerful network called STAR-11. Delivery of outside
components is 80% complete. Design has been completed for
90% of the electronic hardware to be produced internally
and construction of the units has begun.

3.18 Improvements in the Performance of the Multi-Wire
Counter for the Detection of Electrons of the
Bremsstrahlung Monochromator

J.W. Knowles and R.N. King

The electron detector, a multi-wire proportional
counter, used in coincidence as described in PR-P-130:
3.16; AECL-7408, tags the photon energies in the
bremsstrahlung monochromator at the University of Illinois
Microtron Laboratory. This detector is operated close to
its maximum counting rate limit of » 5 x 101*
counts/second/ wire. This limit occurs because charge
build-up in the gas at high counting rate reduces the
amplification in the vicinity of a wire. Recent tests,
made at Chalk River on a multi-wire counter using 2 to 8
MeV electrons obtained with the Compton scattering
facility at NRU, shows that the average pulse-height is
nearly independent of electron energy but varies from wire
to wire in an unpredictable manner, sometimes by as much
as a factor of 4 under normal operating conditions (- 3200
volts between wires and cathode and gas mixture at 1
atmosphere pressure). Operational details are given in
Nucl.lnstr. and Meth. ^21 (1974) 449. Our investigation
shows that this variation in pulse-height is caused by a
change of leakage current over the surface of the
fibre-boards separating a wire from the cathode. The
effect of the leakage was eliminated by inserting Mylar
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strips, 25 urn thick, between the fibre-boards, half-way
between the wires and the cathode. Following this
modification the pulse-heights from all wires became equal
to within a few percent. In addition, the operating
voltage of the wire-counter could be increased from 3200
volts to 2 3500 volts without breakdown resulting in a
substantial increase in pulse amplification. Since the
improved pulse-height from a wire at low-counting rate is
considerably greater than the noise level of the
associated pre-amplifier, a relatively large loss in
amplification can be tolerated at high rates without
causing appreciable loss in counting rate. For this
reason we can expect our modified counter to show a
substantial increase in its maximum counting rate
limit.

3.19 Deuterium Photodisintegration - Parity Violation
Experiment

E.D. Earle and J.W. Knowles with A.B. McDonald and J.J.
Hill (Nuclear Physics)

Following a successful run on the Electron Test
Accelerator (PR-P-129: 3.16; AECL-7328) the polarized
electron ion source has been reassembled in Bldg. 114 with
a new Cs vial. Work is in progress to increase the
current output, lifetime and polarization of this source.

Construction of the bremsstrahlung target has been
delayed to the fourth quarter of 1981/1982, so that the
design concept can be tested. A test rig has been
constructed to test the thin Ta window in a high
temperature and pressure environment.

Construction of the first module of the 10B
ionization chamber is in progress (see PR-P-131: 3.24;
AECL-7510).

3.20 Parity Mixing in 2XNe

E.D. Earle with A.B. McDonald (Nuclear Physics) H.B. Mak
(Queen's University), E. Adelberger, K. Snover and E.
Swanson (University of Washington)

Analysis of data collected previously (PR-P-130:
3.17; AECL-7408) is now complete. These results may be
combined with previous measurements (PR-P-120: 2.4;
AECL-6452) to reduce the upper limit on the circular
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polarization (Py) of the 2789 keV transition in 21Ne to
P« = (17 + 21) x 10"^. The counting rate with the new
CRNL polarization assembly is 4.5 times greater than that
obtained with the University of Washington assembly.

Recent modifications to the tandem accelerator have
resulted in very poor transmission at the low energies
required for this experiment. Further data collection to
improve the statistical accuracy has therefore been
postponed until this problem is rectified.

3.21 Thick Target Neutron Yields from Pb(p,x)n Reactions at
100 MeV

M.A. Lone with R.T. Jones, A. Okazaki and B.M.
Townes(Reactor Physics Branch)

Thick target neutron yields from 100 MeV induced
reactions in a natural Pb target were measured with a
water bath technique (PR-P-130: 3.19; AECL-7408) at the
McGill 100 MeV Cyclotron. The Pb target, 1.6 cm thick,
and 5.4 cm in diameter, was placed inside a re-entrant
tube near the centre of light water moderator contained in
a 1.5 m diameter, 1.5 m high aluminum tank. The
re-entrant beam tube and the aluminum tank were
electrically insulated and served as a Faraday cup for
beam current measurements. The radiation induced leakage
from this Faraday cup assembly was found to be less than
1% of the «• 30 nA current.

The spatial distribution of thermal neutron flux in
the water bath under the operating conditions was measured
with gold activation foils. The epithermal neutron flux
was measured with cadmium covered gold foils.

The neutron flux over the measurement volume, 45 cm
radius, and 100 cm long along the beam axis, was
integrated to get the total number of thermal neutrons
absorbed in the water moderator per incident proton on the
Pb target. Table 1 gives the preliminary results of the
measured peak thermal neutron flux and the thermal neutron
absorption per incident proton. The uncertainty in these
results is estimated to be 10%. Measurements of the
neutron self-shielding and gamma-ray absorption of gold
foils are being made and the result should allow a
reduction of the estimated uncertainties. The fast
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neutron absorption and the leakage of thermal neutrons
from the measurement volume are also being investigated.

The total neutron production and the thermal neutron
flux distribution were also calculated for the
experimental geometry with NMTC/MORSE computer codes. The
calculated neutron yield is 0.363 + 0.002n/p and the peak
thermal neutron flux is lO.lxlO12 n.cm~2,s~>mA~

1.
Both are in excellent agreement with the measured values.

Table 1

Preliminary Neutron Yields from Pb(p,x)n Reaction at 100 MeV

Au Thermal neutron Peak thermal
Run # foil thickness absorption per neutron flux

(iiun) proton (n.cm~2.s~J-mA~-'-)

1 0.25 0.357 9.4 x 10 1 2

2 0.25 0.373 9.6 x 10 1 2

3 0.05 0.352

3.22 EMTF Neutron Source Characteristics

H.A. Lone and J.A. Latouf

The proposed Electro-nuclear Materials Test Facility,
EMTF (G.A. Bartholomew: in Proceedings, Meeting of the
International Cooperation on Advanced Neutron Sources
ICANS-V, 1981, June 22-26, Jiilich, Germany) would
accelerate a 70 mA proton beam to 200 MeV. The proton
would be stopped in a Pb-Bi target surrounded by a D2O
moderator to form a neutron source for research. The
characteristics of such a source were investigated with
calculations based on NMTC/MORSE computer codes (PR-P-130i
3.20; AECL-7408).

Calculations were made for a simplified cylindrical
geometry with a D2O moderator tank of 1.5 m diameter and
1.5 m length. A proton beam of 10 cm diameter enters a
re-entrant tube along the axis of the moderator tank and
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impinges on a Pb target placed near the centre of the
moderator tank. Various configurations of the Pb target
and external neutron beam tubes in the moderator were
considered. Typical results for the calculated average
thermal neutron flux in a cylindrical region of the
moderator near the target, between 10 to 20 cm from the
proton beam axis and 5 to 20 cm downstream from the Pb
target face, are given in Table 2.

Table 2

Thermal neutron flux around the target

Case Target size External neutron beams
Av thermal neutron
flux in the test
volume
^ ^ 1

Disk
dia = 5 cm
length = 5 cm

Cylindrical
ING type
dia = 5 cm
length = 75 cm

none

none

4 tubes, each of
base area 110 cm2

1.5

1.3

1.0

The external neutron beam tubes, in a plane
perpendicular to the proton beam axis, were placed
tangential to a cylindrical region of radius 10 cm at a
depth of 8 cm from the face of the lead target.

3.23 Reactor Beam-Hole Use

H.F. Nieman and W.J.L. Buyers

The McMaster University spectrometers were shut down
for the period, as well as the C-2 fast-neutron chopper.
The Guelph University spectrometer operated for 80% of the
period. Utilization at the other occupied beam holes was
as follows.
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BEAM NO. OF NO. OP NO. OP EFFICIENCY (%
HOLE EXPERIMENTS PARTICIPATING PARTICIPATING of available

CRNL SCIENTISTS NON-CRNL reactor
SCIENTISTS operating time

used for
experiment)

C-l

C-4

C-5

L-3

N-4

N-5

2

2

4

3

2

5

1

2

4

2

1

4

0

1

4

3

0

5

80%

90%

90%

96%

70%

97%

Total reactor operating time was 74 days.

3.24 Boron Ion Chamber (BIC)

R.J. Toone, J.G.V. Taylor and K.H. Whitlock

A prototype module of this detector (PR-P-130: 3.24;
AECL-7408) has been designed and is partly constructed.
The base and cover are completed except for the 0.25 mm
stainless steel front window for which material is on
order. To minimize neutron losses the 30 x 30 cm 1 0B-
coated electrodes will be made of 0.25 mm Zircaloy sheet.
While waiting for delivery of the Zircaloy a mock-up of
the electrode assembly has been made from galvanized
sheet. Insulator assemblies have been designed that can
be cut from material in stock. Signal and H.T.
connections are made through ceramic-metal bonded BNC
jacks welded into the base plate.

3.25 Elemental 10B Particle Sizes

J.G.V. Taylor and R.J. Toone

The thickness of 10B required to maximize the BIC
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electrode efficiencies is « 0.4 mg.cm~2 which is
equivalent to a layer » 2 un thick. Thus to paint or
spray a uniform layer from a suspension of elemental 1 0B
in oil, the particles ideally should have dimensions
»1 pm. The particle size distribution of a commercial
sample of 10B in oil was estimated from a microscopic
measurement of « 2000 particles. Although 95% of the
particles had dimensions of <10 pm, particles with
dimensions >10 ym (two >100 urn were seen) were estimated
to contribute - 99% of the 10B mass in the sample. This
distribution is unacceptable for a high efficiency
detector because, even if the large particles could be
removed, the cost of enough 10B to give the required mass
of small particles would be prohibitive. The roB now on
order has a particle size analysis of "0-4 ym". If this
is confirmed by microscopic estimation and the
distribution within the range is even approximately
typical, the material will be usable. Some consideration
has been given to improving the sample on hand by further
milling; it would be difficult to do without introducing
contaminants because boron is second only to diamond in
hardness.

3.26 Vacuum Furnace for Processing 10B-Coated Electrodes

R.J. Toone, M.A. Gulick, G.A. Tapp and J.G.V. Taylor

A large (190 dm3) vacuum furnace is under
construction for baking 10B-coated Zircaloy electrodes.
The furnace is designed for cold-wall operation with
internal heaters separated from the vacuum wall by
multiple radiation shields. This construction minimizes
the need for insulation and allows the use of an elastomer
for the door seal. Power supplies and temperature
controllers will be taken from one of the CdTe furnaces.
Delays have been encountered in the delivery of heaters
and the stainless steel for radiation shields. First
operation probably will be with temporary heaters.

3.27 CdTe Detectors

K.W. MacLean, R.J. Toone and G.A. Tapp with W.F. Slater
(Nuclear Physics)

Several CdTe photovoltaic current detectors (PR-P-130:
3o23, AECIi-7408) were successfully produced and tested.
It was found, however, that the limitations of our CdTe
for spectrometric use still applied; only a small fraction
of the samples tested made usable detectors and, since the
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sensitive volume in the photovoltaic mode is limited to
the junction region, the devices were useful only for
x-rays or low energy y-rays C«clOO keV).

3.28 Glassblowing Services

J.G. Wesanko and M.A. Gulick

Six condensers and flasks for a pilot experiment with
a bench-scale incinerator, and three flasks for Can-Decon
studies were modified for Systems Materials Branch. Ten
sample cells were constructed for gamma-ray radiolysis
experiments in General Chemistry Branch. Six quartz
reaction vessels with break seals to be used in iodine
studies were made for Fuel Engineering Branch. An
analytical vacuum line has been modified for use in laser
photochemistry research in Physical Chemistry Branch.

3.29 Machine Shop Services

A.H. Hewitt, H.C. Spenceley and K.H. Whitlock

The main chamber of the furnace from the positron
annihilation experiment was rebuilt to incorporate a
stainless steel bottom plate.

A sample holder for the VCN beam was fabricated for
the personnel from McGill University and the University
of Guelph.

Other work included making aluminum cans to hold
lithium for the McGill moderator tank, mounts for three
pyrolytic graphite monochromators on loan from Los Alamos
for testing, and the mounting of four crystals on separate
goniometers for neutron diffraction experiments.

Over 75% of the Bldg. 116 shop time was devoted to
Nuclear Physics Branch jobs, mostly isotope separator
ion-source components. The remaining 25% was spent on the
boron ion chamber.

3.30 Static Structure Factor of Liquid **He

E.C. Svensson et al.

See PR-P-131: 4.2;AECL-7510
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3.31 Program for Plotting of Neutron-Scattering Results

E.C. Svensson et al.

See PR-P-131: 5.7.2; AECL-7510

3.32 Publications and Lectures

Publications

NEUTRON SCATTERING FROM SPINS IN URANIUM COMPOUNDS
W.J.L. Buyers, T.M. Holden and J.A. Jackman
"Valence Fluctuations in Solids" Eds. L.M. Falicov et
al. North Holland (1981) 187-192, AECL-7188

MAGNETIC EXCITATIONS IN THE DILUTED FERROMAGNET
Ni2Mn0.8V0.2Sn
W.J.L. Buyers, K.E. Locke and C.V. Stager
Phys. Rev. B23 (1981) 5928-5935

NEUTRON DIFFRACTION STUDIES IN AMMONIUM METAPERIODATE
AT LOW TEMPERATURE
G. Dolling, R.J.C. Brown and S.L. Segel
Acta Cryst. B36 (1980) 2195

NEUTRON DIFFRACTION STUDIES OF ORIENTATIONALLY DISORDERED
CRYSTALS
G. Dol l ing , B.M. Powell and V.F. Sears
Trans . Amer. Crys t . Assoc. r7 (1981) 71-82

NEUTRON INELASTIC SCATTERING MEASUREMENTS ON THE METALLIC
GLASS Cug. 6 Zr 0 .4
T.M. Holden, J . S . Dugdale, G.C. Hallam and D. Pavuna
J . Phys. F. Metal Phys. _U (1981) 1737-1748, AECL-7342

BOUND WATER FRACTIONS FROM QUASI-ELASTIC NEUTRON
SCATTERING
P. Martel and B.M. Powell
S o l . S t a t e Comm. 2£ (1981) 107-110, AECL-7301

TEMPERATURE DEPENDENCE OF S(Q) FOR LIQUID '•He
E.C. Svensson and A.F. Murray
Physica 108B+C (1981) 1317, AECL-7221
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Lectures

THE UNCONVENTIONAL EXCITATIONS AND CRITICAL BEHAVIOUR IN
ACTINIDE COMPOUNDS
T.M. Holden. W.J.L. Buyers, J.A. Jackman, A.F. Murray,
P. de. V. DuPlessis, G.H. Lander and O. Vogt
Symposium on Neutron Scattering, Argonne National
Laboratory, Argonne, Illinois, U.S.A., 1981, August 12-14

COMPUTER SIMULATION OF SPIN EXCITATIONS IN RANDOMLY
DISORDERED SYSTEMS: THE DILUTE PERROMAGNET AND THE MIXED
LAYERED ANTIFERROMAGNET
W.J.L. Buyers, D. Bertrand, K.E. Locke and C.V. Stager
Nato Advanced Study Institution on "Excitations in
Disordered Systems", Michigan State University, Michigan,
U.S.A., 1981, August 23 - September 4

FUTURE SPECTROSCOPIC TECHNIQUES FOR BULK AND SURFACE
STUDIES OF THE ACTINIDES
W.J.L. Buyers at Panel on "Future Directions in Actinide
Solid State Research" at Actinides 1981, Asilomar,
California, U.S.A., 1981, September 13

LIQUID-LIKE MAGNETIC RESPONSE AND INTERMEDIATE VALENCY IN
ACTINIDE COMPOUNDS
W.J.L. Buyers at Actinide Workshop, Los Alamos, New
Mexico, U.S.A., 1981, September 15-18

NEUTRON SCATTERING FROM ORIENTATIONALLY DISORDERED SOLIDS
B.M. Powell, V.F. Sears and G. Dolling
Symposium on Neutron Scattering, Argonne National
Laboratory, Argonne, Illinois, U.S.A., 1981, August 12-14

NEUTRON INELASTIC SCATTERING MEASUREMENTS ON THE METALLIC
GLASS CUg.6Zr0.4

T.M. Holden, J.S. Dugdale, G.C. Hallam and D. Pavuna
Symposium on Neutron Scattering, Argonne National
Laboratory, Argonne, Illinois, U.S.A., 1981, August 12-14

THERMAL NEUTRON CAPTURE CROSS SECTION MEASUREMENTS
M.A. Lone
4th International Symposium on (n.y) Spectroscopy and
Related Topics, Grenoble, France, 1981, September 7-11

NEUTRON DIFFRACTION STUDY OF UV AND GAMMA RAY INDUCED
DAMAGE IN CRYSTALLIZED PYRIMIDINES
P. Martel and B.M. Powell
VIII International Biophysics Congress, Mexico City,
Mexico, 1981, August 23-28
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TEMPERATURE DEPENDENCE OP S(Q) FOR LIQUID '•He
E.C. Svensson and A.F. Murray
XVI International Conference on Low Temperature Physics,
Los Angeles, California, U.S.A., 1981, August 19-25

Text of the above lectures may not be available in
print.
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THEORETICAL PHYSICS BRANCH

G.E. Lee-Whiting

4.1 Staff

4.2 Static Structure Factor of Liquid **He

4.3 Modification of SUPERFISH

4.4 Penetration of Heavy Ions in Solids

4.5 Nucleon-Nucleon Scattering in a Quark Model

4.6 Role of Isobar-Hole States in Nuclear Reactions
at Medium Energies

4.7 Role of Spurious States in Shell-Model Calculations
for 0+-0" Transitions in A*16 Nuclei

4.8 Lectures on the Nuclear Shell Model

4.9 Inclusive Decays of Heavy Mesons

4.10 Centre-of-Mass Motion in the Bag Model

4.11 Radiative ir+ and K+ Decays and the Effective qq
Potential

4.12 The Nature of Plastic Crystals

4.13 Reports; Publications, and Lectures
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4.1 Staff

Branch Head: G.E. Lee-Whiting

M. Harvey
F.C. Khanna
S.A. Kushneriuk
H.C. Lee
V.F. Sears
I.S. Towner
K.B. Winterbon

Visitors

C. C l a u s s e n (1)
M. Couture (2)
Q. Ho-Kim (3)
G. H u l b e r t (4)
J . LeTourneux (5)
P . Sigmund (6)

Secretarial Staff

M.E. Carey

(1) Attached staff from Odense Univ., Aug. 5 - Sept. 2, 1981.
(2) NRC Post-Doctoral Fellow from McGill University;

joined branch 1980 December 01.
(3) Summer professor from Laval Univ., June 25 - Aug. 13, 1981.
(4) Summer student from Univ. of Waterloo, April 2 7 - 1 Sept., 1981.
(5) Summer professor from Univ. of Montreal, June 15 - 10 July, 1981.
(6) Summer professor from Odense Univ., July 23 - Sept. 15, 1981.



- 66 -

4.2 Static Structure Factor of Liquid **He

V.F. Sears with E.C. Svensson (N.S.S.P. Branch)

The S(Q) distributions, which were determined
(PR-P-130:4.3 (AECL-7048)) from an analysis of neutron diffrac-
tion measurements, have now been smoothed and Fourier trans-
formed to obtain the corresponding pair correlation functions
g(r). We find small systematic differences between the present
results and those obtained previously (Svensson et al., Phys.
Rev. B2i(1980)3638) that amount to s2% for S(Q) and sl% for
g(r). These discrepancies are larger than we had expected (for
example, the systematic error in S(Q) was estimated in the above
reference to be <1%) but not unreasonably so. They can be
regarded as a measure of the overall accuracy of the measure-
ments and probably arise from slight differences in the posi-
tioning of the cassette, or in the homogeneity of the incident-
neutron beam, between the two sets of experiments.

4.3 Modification of SUPERFISH

M. Couture

Work on modifications to SUPERFISH aimed at enabling it
to treat non-axially-symmetric modes continues. The program
SUPERFISH contains five steps: generation of an irregular tri-
angular mesh, calculation of the coefficients of the difference
equations, solution of a tridiagonal block system of equations,
determination of the resonant frequency via a root-finding
algorithm, and finally the calculation of secondary quantities
derived from the fields. No changes to the mesh-generation
step are anticipated, but modifications to the other four will
be needed. Work on finding the best way to replace the differ-
ential equations derived earlier (PR-P-130:4.7 (AECL-7048)) by
difference equations is in progress. Modifications to the part
of the program which solves the tridiagonal block system of
equations have been completed.

4.4 Penetration of Heavy Ions in Solids

K.B. Winterbon and P. Sigmund

The work on correlations among vacancies created in a
collision cascade (PR-P-128:4.7 (AECL-7234)) has been accepted
for publication.

In determining stopping power by energy-loss measure-
ments it is customary to use thin targets to reduce the error
from energy dependence of the stopping power. It is also common
practise to measure the energy loss of only that portion of the
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beam which is essentially undeflected in passing through the
target, thereby excluding all those particles which have suf-
fered a relatively large energy loss in one collision, and hence
underestimating the stopping power. We have calculated the mean
inelastic energy loss as a function of deflection angle and tar-
get thickness, obtaining a series in inverse powers of the tar-
get thickness; the first correction term depends only on the
maximum inelastic energy loss in a single collision, besides of
course the (known) elastic scattering parameters determining the
multiple-scattering angular distribution. This correction can
be substantial compared with quoted errors. The work is being
extended to some higher moments of the multiple-scattering
energy-loss distribution. It remains to investigate the
dependence of inelastic energy loss on impact parameter in order
to determine the maximum inelastic energy loss and other
parameters that appear in higher-order correction terms.

4.5 Nucleon-Nucleon Scattering in a Quark Model

M. Harvey and J. LeTourneux (Univ. of Montreal)

Work has continued on this problem (PR-P-130:4.5 (AECL-
7048)). Using the generator-coordinate method, phase shifts for
the scattering of nucleons in the (spin-isospin)=(10) and (01)
channels have been determined up to the A-production threshold
with channel coupling to the AA and CC (hidden color) channels.
The color-independent interaction among the six-quark of the two
nucleons was chosen to belong to a class of potentials (cf.
PR-P-130:4.5 (AECL-7048)) which fit the baryon spectrum and are
variationally stable with respect to the size parameter of the
wave functions. The calculated phase shifts are found to be
independent of the particular potential chosen within the
class. Phase shifts for a two-channel calculation (NN+AA) have
previously been given by Oka and Yazaki (8th Int. Conf. on High
Energy and Nuclear Structure, Triumf and Univ. of British
Columbia ^£7(1979)107) but this is the first time the three-
channel results have been determined. As was pointed out pre-
viously (M. Harvey, Nucl. Phys. A35j2(1981) 301 and 326), the
advantage of the three-channel calculation is that no dr=«5V.ic
a priori guess has to be made as to the configuration s of
the six-quarks when the nucleons are at short distances ..t is
determined in the calculation by the Hamiltonian and, in gen-
eral, depends on the energy of the collision. The interaction
between three-quark clusters is highly non-local at short dis-
tances and forbids any extraction of a local NN-potential.
Nevertheless the calculated phase shifts (which are always nega-
tive) are, to a good approximation, numerically equivalent to
those arising from the scattering of point nucleons with effec-
tive, local, hard-core repulsive potentials having a radii of
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0.2 fm and 0.3 fm for the (ST) = (10) and (01) channels, respec-
tively. Attempts are now being made to introduce, consistently,
the meson exchange effects and to perform the calculation with
the resonating-group method which should be numerically more
stable than the present generating-coordinate techniques.

4.6 Role of Isobar-Hole States in Nuclear Reactions at Medium
Energies

F.C. Khanna and G.W. Hulbert

In the summer of 1980, work was started on setting up a
general program for calculating two-body matrix elements between
two nucleons, between a nucleon and an isobar or between two
isobars. The work was continued this past summer. The vector
part of the two-body force, i.e. the spin-orbit interaction, has
now been included. Furthermore, the program has been improved
to include various combinations of nucleons and isobars in the
initial and in the final state. The program can handle up to
six distinct meson exchanges in the two-body interaction, which
may be either energy dependent or energy independent.

A particle-hole program has been set up so that the
calculated matrix elements may be arranged in a general complex
matrix. After diagonalisation of the matrix the complex
particle-hole eigenvalues and eigenfunctions are stored on tape
for use with a computer program that calculates cross sections
for specific reactions. All this has been completed.

One of the problems that was started but is not yet
finished is the calculation of the self-energy of an isobar in a
many-particle medium. This involves calculating the effect of
Pauli principle on and the role of particle-hole states in the
width of an isobar. These effects are important in formulating
a more realistic isobar-hole model for collective excited states
of nuclei.

Role of Spurious States in Shell-Model Calculations for 0+-0"
Transitions in A=16 Nuclei

I.S. Tc/ner and D.J. Millener (Brookhaven National Laboratory)

The perturbative shell-model calculations of Towner and
Khanna (PR-P-129:4.7 (AECL-7328)) for muon-capture and B-decay
rate's in 16O(0+ ground) - 16N(0~, 120 keV) are to some extent
contaminated with spurious centre-of-mass excitations. With
harmonic oscillator wavefunctions these spurious states
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can be removed from a perturbative calculation providing all
states of a given oscillator energy are retained in the
intermediate-state summation. Towner and Khanna retained the 40
2p-2h states of energy 2fiw but omitted the three lp-lh states of
the same energy. Preliminary results indicate that while the
inclusion of these three states will alter the calculated
transition rates, the conclusion of Towner and Khanna concerning
the role of meson-exchange currents is unchanged.

4.8 Lectures on the Nuclear Shell Model

I.S. Towner

Six lectures on the nuclear shell model were prepared
for presentation at the British National Postgraduate School in
Nuclear Physics at the University of Manchester. Topics covered
included: second quantisation, Hartree-Fock theory, the reac-
tion matrix, particle-hole models, effective interactions and
core polarisation.

4.9 Inclusive Decays of Heavy Mesons

H.C. Lee and Q. Ho-Kim (Laval University)

In order to explore further the properties of various
decay modes, work on the decays of the heavy, charmed and bottom
mesons (PR-P-130:4.6 (AECIi-7408)) has been extended to the study
of inclusive decay properties including K(meson)-multiplicity,
total strangeness, total charm and energy distribution as well
as decay width and branching fractions. For example, though
decays into a gluon and quark-antiquark pair, Gqq", and into a
gluon and a hadron jet, GX, are experimentally indistinguishable
in many aspects,the geometries of the two energy distributions
are expected to be very different: that of Gqq" should be more
isotropic and that of GX should be closer to being dipolar.
This work is being written up for publication.

4.10 Centre-of-Mass Motion in the Bag Model

Q. Ho-Kim (Laval University) and H.C. Lee

The so-called MIT bag model and its variants, which are
to some degree successful in describing the structure of baryons
(3 quarks) and mesons (quark-antiquark pair qq) in terms of
quarks, are in essence shell models (well known in atomic and
nuclear structure) with the exception that boundary conditions
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at the bag surface take the place of the more familiar single-
particle potential. In addition, since relativistic effects
need not be small within the sub-nuclear particle, it is impor-
tant to pay attention to them by, for example, maximizing the
Lorentz invariance of the formalism. An aspect of the bag model
that is not Lorentz invariant, indeed not even Galilean invar-
iant, is its shell model-like wavefunction, which describes not
only the internal motion but also the centre-of-mass motion of
the quarks. Depending on the quantity being studied, this
defect could cause an error of order 1/N, where N is the number
of quarks. Since N is only 2 or 3, one can expect the centre-
of-mass effect to be important. We have devised a straightfor-
ward algorithm to project out that component of the bag-model
wavefunction which sets the centre-of-mass at rest. For the
simpler meson, the result is a wavefunction which describes only
the relative motion of the qq system. We are in the process of
re-examining the properties of mesons in the bag model, using
new, centre-of-mass-corrected wavefunctions.

4.11 Radiative TT+ and K* Decays and the Effective qq Potential

H.C. Lee and Q. Ho-Kim (Laval University)

The radiative decays ir+ -»• yev and K+ + rev are composed
of two essentially non-interfering parts; the inner-bremsstrah-
lung part fixed by the requirement of gauge invariance, and
structure-dependent (SD) part. The SD amplitude consists of two
terms proportional to the SD vector and axial-vector form fac-
tors, v and a, respectively. It is well known that, to within
good approximation, v is proportional to the relative wavefunc-
tion at the origin, ^>(r=o). of the meson's constituent quark-
antiquark (qq) pair. We have now shown that, to within the same
approximation, a is proportional to v2ty averaged over a small
region around the origin. In a potential model, we have
V2ip = [V(r)-E] i|>, where V is the effective potential and E is the
binding energy. We have thus shown that the measurable quantity
Y = a/v - [(v*y/ty)]r=o « <V-E>rr,o bears a simple relation to
the effective qq potential. Existing experimental data on y
indicates, that <V-E>r,»o is either negative and unrealistically
large or positive and small.

4.12 The Nature of Plastic Crystals

B.N. Powell and 6. Dolling (N.S.S.P. Branch) and V.F. Sears

(See PR-P-131:3.4 (AECL-7510)).
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4.13 Reports, Publications, and Lectures

Publications

NEUTRON DIFFRACTION STUDIES OF ORIENTATIONALLY DISORDERED
CRYSTALS
G. Dolling, B.M. Powell, and V.F. Sears
Trans. Am. Cryst. Assoc. 17(1981)71

A CALCULATION OF THE DEUTERON STATIC MOMENTS IN A
ONE-BOSON-EXCHANGE MODEL
M.G. Vassanji, F.C. Khanna, and I.S. Towner
J. Phys. G7(1981)1029

SPIN EXCITATIONS IN THE SCHEMATIC MODEL
I.S. Towner, B. Castel, and L. Zamick
Nucl. Phys. A365(1981)189

ELECTROMAGNETIC AND WEAK INTERACTIONS IN THE NUCLEUS
H.C. Lee and W.K. Cheng
Lecture Notes in Physics, Vol. 144, Eds. T.T.S. Kuo and S.S.M.
Wong, pp. 354-565 (Springer-Verlag, Berlin, 1981)

Contributions to the proceedings of the Versailles 6-10 July
1981 International Conference on High-Energy Physics and Nuclear
Structure:

QUENCHING OF MAGNETIC MOMENTS IN NUCLEI: A-DEPENDENCE
F.C. Khanna and I.S. Towner

SPIN EXCITATIONS IN THE SCHEMATIC MODEL
I.S. Towner, B. Castel (Queen's Univ.) and L. Zamick,
(Rutgers Univ.).

WEAK 0+-0- TRANSITIONS IN A=16 NUCLEI
I.S. Towner and F.C. Khanna

Lectures

MESON-EXCHANGE CURRENTS IN NUCLEI: THE PIVOTAL ROLE OF
0+-0" TRANSITIONS
I.S. Towner
Seminar given at Brookhaven National Lab., June 30, 1981

WEAK 0+-0~ TRANSITIONS IN A=16 NUCLEI
I.S. Towner and F.C. Khanna
Contributed paper, Int. Conf. on High-Energy Physics and
Nuclear Structure, Versailles, 6-10 July 1981
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NUCLEAR SHELL MODEL
I.S. Towner
Six lectures given at the British National Postgraduate School
in Nuclear Physics, Univ. of Manchester, 8-21 September 1981

QUARK ASPECTS OP THE NUCLEON-NUCLEON FORCE
M. Harvey
Given at Symposium on Clustering Phenomena in Nuclei, Tubingen,
Germany, 9-11 September 1981

AXIAL CHARGE IN NUCLEI
F.C. Khanna
Given at Division of Theoretical Physics, Saclay, 1 July 1981

JULY IN VERSAILLES
F.C. Khanna
Given at Univ. of Montreal, 24 September 1981

QUENCHING OF MAGNETIC MULTIPLE TRANSITIONS IN NUCLEI
F.C. Khanna
Given at University of Erlangen, Erlangen, 21 July 1981

Three talks dealing with Mesonic Effects in Nuclei given at
Queen's University, 10-14 August 1981
F.C. Khanna

HIGH ENERGY PHYSICS AND NUCLEAR STRUCTURE MEETING AT
VERSAILLES

QUENCHING OF GAMOW-TELLER STATES, and

QUENCHING OF MAGNETIC MULTIPOLE TRANSITIONS

Text of the above lectures may not be available in print.
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MATHEMATICS AND COMPUTATION BRANCH

D. McPherson

Staff

CDC 6600/CYBER 175 System

CDC 3300 System - Terminals

CDC CYBER 170/720 System

PDP-10 System

MK-16 System

Enhancement ot C5 Spectrometer Control Program

SCC-Tandem Computer-Aided Control System

Thermal Analyses of Pickering-A Fuel Channels with
Pressure Tube to Calandria Tube Contact

FORSIM and MAKSIM

Stress Analysis Programs

Interpolation Using Rational Functions

Rapid Approximations for the Bickley Function Ki., (x)

Data Reduction and Analysis

Miscellaneous Programs and Subroutines

Operations

Reports, Publications and Lectures
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5.1 Staff

Branch Head: D. McPherson

Section It Systems

Head:
D. McPherson

Programmer/Analysts:
J.F. Steljes
CO'. Tanner

Section III: Mathematical
Services and Applications

Head:
J.M. Blair

Mathematical Analysts:
S.B. Baset
G.H. Keech

Programmers:
E
M
,A. Okazaki
.A. Peterson

Section II: Operations

Head:
B,,B. Ostrom

Operations Supervisor:
P,. McGandy

Operator Supervisor:
A,.A. Laroche

Computer Operators:
K,
J,
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Y,
K.
M.
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K.
S.
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S.
M.
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,J. Brown
,A. Guimond (1)
,M. Hepburn
, Labine (2)
,A. Livingston
,A. MacDonald
, Mackie
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, Parr
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, Shannon
,T. Walker
E. Zinck

W,.N. Selander
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L
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P,

,E. Evans
.A. Wills
,Y. Wong

Programmers:
M.
D,
C.
M.
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E.
D.

.T. Boulanger

. Cheung

. Griffiths
, Kent
,L. Klawitter
,G. Long
,G. Stewart

Section IV: Special

Head
G.
I:
,N. Williams

Programmer/Analysts:
L.
J.
M.

D. Hansen
H. Puttick
Shaarani

Programmers:
D.
R.

(5)

(6)
(7)

Systems

(8)
(9)

Pathria (10)
Roiha

Secretarial Staff

G.J. Bateman
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(1) Reclassifiea to continuing employee status and
transferred from Technical Information Branch
effective 1981 August 24.

(2) Transferred to Technical Information Branch effective
1981 September 8.

(3) Summer student from University of Waterloo, terminated
1981 August 26.

(4) Summer student from Queen's University, terminated
1981 September 10.

(5) Attached half time from the Office of the Director of
Research.

(6) National summer student from Carleton University,
terminated 1981 September 4.

(7) National summer student from St. Mary's University,
terminated 1981 September 11.

(8) Terminated employment effective 1981 August 5.

(9) Waterloo University Co-op student, joined Branch
1981 September 1.

(10) Waterloo University Co-op student, terminated
1981 September 4.
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5.2 CDC 6600/CYBER 175 System

5.2.1 Operating System

D. McPherson and C.J. Tanner

Minor improvements have been made to the procedures
for exchanging information between the 6600/175 and the
CYBER 720's at CRNL and Sheridan Park (see PR-P-130? 5.2.1.1
and 5.2.2.5). In addition, programs to replace these pro-
cedures, in the interest of increased flexibility, efficiency
and ease of use, have been written and are currently being
tested.

5.2.2 Programming Languages and Utilities

5.2.2.1 FORTRAN 5

D.G. Stewart, with W.J. Irving (Control Data
Canada Limited)

Installation and testing of the new compiler, and
CDC's FORTRAN 4 to FORTRAN 5 Conversion Aid program,has been
satisfactorily completed, along with exhaustive tests for
compatibility of use of subroutine libraries by both FORTRAN 4
and FORTRAN 5 programs (see also 5.2.3.4 below). The new
compiler will be made available for general use in November,
after resolution of a few remaining subroutine library
inconsistencies.

5.2.2.2 SIR

C.J. Tanner

A copy of SIR (Scientific Information Retrieval),
a data base management system tailored for the storage and
retrieval of predominantly numerical information such as
experimental data or computational results, has been obtained
and installed on both the 6600/CYBER 175 and on the CYBER
720 computers. Tests of SIR with small collections of data
have been performed, and its applicability to some existing
CRNL needs is being investigated. Advantages of SIR, in
addition to its special features for handling numerical data,
are an interactive editor, which may be used on the CYBER 720,
and an interface to SPSS.

5.2.2.3 KWOC

G.H. Keech

A version of the keyword-out-of-context program,
KWOC, has been created that permits "floater" information.
This feature has been added to a separate, special-
purpose version of KWOC because of some incompatibilities
between it and features of the standard version.
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5.2.2.4 IBMFORTRAN

G.H. Keech

The program IBMFORTRAN which performs many of the
mechanical conversions of IBM-like FORTRAN into CDC FORTRAN
has been generally upgraded for use in a procedure package.
Some conversions and statement flaggings which were of
interest only to particular users have been removed. These
changes will improve execution speeds. The calling sequence
has been simplified.

5.2.3 Subroutine Libraries

5.2.3.1 AELIB Documentation

L.E. Evans and G.L. Klawitter

A major update to the AELIB Users' Manual, AECL-6076,
was prepared and edited. This update, Revision C, to the
manual includes all the required documentation changes since
Revision B was issued in 1980 April.

5.2.3.2 Automated Testing of AELIB

G.L. Klawitter and L.E. Evans

The installation testing of AELIB has been success-
fully automated and the new testing procedure is being used
to verify the library subroutines and their test programs
for the FTN 5 compiler and the NOS operating system. Previously
AELIB testing was done by the use of individual jobs to test
each routine. In the new procedure, these tests, their data
and the output of the last successful run are stored on an
UPDATE program file and a CCL (CYBER Control Language) pro-
cedure is invoked to execute the tests, compare the output
with that stored, and issue PASS/FAIL messages. The entire
library or any subset of it may be tested using this procedure.

5.2.3.4 AELIB and FORTRAN 5

D. Cheung and G.L. Klawitter

Testing of AELIB routines by FORTRAN 5 programs was
performed. As of September 30, only two mathematical routines,
and about ten operating system interface routines revealed
inconsistencies between FORTRAN 4 and FORTRAN 5. Modifications
to the routines, and subsequent re-testing, are required in
preparation for the release of the FORTRAN 5 compiler.
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5.2.3.5 BMDP

C.A. Wills

Three new BMDP programs and a new version of a
previously distributed program have been received from
Northwestern University and installed on the 6600/175
system. The new version of BMDPIL corrects errors in the
calculations. The three new programs BMDPKM (K means clust-
ering of cases),BMDPLR (Stepwise Logistic Regression), and
BMDPSV (Equal Cell Size Mixed Model) are from the 1979
edition of BMDP, but are compatible with the BMDP-77 programs
previously installed.

5.2.4 Graphics

5.2.4.1 UNIPLOT and UNIPOST

G.N. Williams, with W*J. Irving (Control Data
Canada Limited)

UNIPLOT is a FORTRAN-callable program which accepts
calls very similar to the "standard" CALCOMP set of plotting
subroutines, and generates a "neutral plot file", which
subsequently can be expanded by the post-processor UNIPOST
for delivery to specific graphical output devices. UNIPLOT
and UNIPOST have been obtained from CDC and installed on the
CYBER 720, and the feasibility of installing UNIPLOT on the
6600/175 verified. UNIPLOT has been added to the graphical
capabilities at CRNL predominantly to simplify transfer of
some work by Engineering Company from a CDC service bureau
to AECL computers.

5.2.4.2 CRNL PLOT to UNIPLOT Conversion

M.T. Boulanger and G.N. Williams

A program has been written to convert a plot file
in AELIB PLOT format to an equivalent file in UNIPLOT neutral
plot file format. A procedure using this program to convert
a plot file and transmit the neutral plot file to a CYBER
720 for processing by UNIPOST has been developed and made
available„

5.3 CDC 3300 System - Terminals
J.F. Steljes

Two more asynchronous dialup lines have been
installed giving access to the CDC 3300 computer at l?.00
baud. These lines are in addition to the four asynchronous
dialup lines at 300 baud.
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5.4 CDC CYBER 170/720 System

5.4.1 System Performance Statistics

D. McPherson and B.B. Ostrom

Preliminary versions of programs to analyze system
performance have been developed. Currently these are being
used predominantly to monitor the operation of the link
between the 720 and the 6600/175 and the performance of the
TIELINE package which links the Sheridan Park and CRNL
720's.

5.4.2 CYBER 170/720 to CYBER 170/175 Communications

D. McPherson, with W.J. Irving (Control Data
Canada Limited)

The remaining major errors (as opposed to design
inadequacies) in the CDC-provided program for communicating
between the NOS/BE operating system running on the 6600/175
and the NOS system on the 720 have been isolated. One
error, which has caused an average of about three lost files
per day, remains to be corrected, but modifications to avoid
this error, except in extremely unusual circumstances, have
already been made.

Enhancements to improve both the efficiency of the
NOS to NOS/BE link (effective data transfer rate is currently
less than 5% of the channel transfer rate) and its flexibility
have begun.

5.5 PDP-10 System

5.5.1 Data Conversion

R. Roiha

The indirect command file REVERT.MIC was written
for users of the PDP-10. REVERT converts half word spectral
data to full word, beginning and ending at user specified
channels. The converted data is then reformatted through
"CHANGE" (a system routine) to produce an industry-compatible
9~track tape.

5.5.2 I/O Routines

M. Shaarani

ANYNPT is a new FORTRAN-callable MACRO routine.
It is called by compute-bound programs that occasionally
want to check for input and, if any, go off to another
routine to perform the input.
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5.6 MK-16 System

5.6.1 System Update

M. Shaarani

The MK-16 system was sent for its update and is
expected back in a few weeks. With its absence, software
loading and testing was halted. New software, however, is
still being written and old library routines updated.

5.6.2 SCB Program

M, Shaarani

REVISION2 of the SCB (Singles, Coincidence or
Both) program is now complete and" has been tested. It
contains file management as well as setup routines for the
singles-spectra part of the program. Documentation of
REVISION2 is well underway and in parallel with the new
software for REVISION3, which will incorporate DMA-devices
controlling routines.

5.6.3 User Library

M. Shaarani

A collection of I/O routines, string and bit
manipulation routines, screen-related routines, and file
handling routines, were written and now await the return of
the system to be tested and installed in a library for the
general user.

5.7 Enhancement to C5 Spectrometer Control Program

5.7.1 Neutron Spectrometer Control System

G.H. Keech

Changes were made in the output files created by
the C5 neutron spectrometer control program C5CONT to
include certain system label information transparent to the
users. This action will assist our efforts to smoothly
recover from more of the premature terminations that result
from various problems with real-time experiments.

A program PRINT has been written to read the
C5CONT output files and prepare detailed listings for users.
It incorporates a RESCUE subroutine to recover from some
types of bad data files.
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5.7.2 Program for Plotting of Neutron-Scattering Results

G.H. Keech, with E.C. Svensson (Neutron and Solid
State Physics Branch)

As a result of practical user experience, some
program bugs have been detected and corrected, and general
improvements have been made in the code. In-line documentation
has been added to the program.

The PLOT package has been linked and set up to run
alone from an 11/03 terminal. This overcomes the memory
constraint problem that prevented PLOT from being run on the
main 11/34 console while REMOTE-11 was up.

A PLOT user's guide has been written describing
the call procedure and the various hardware switches.

The generdl subject of plotting is under review
and the question of video-display terminals is being
investigated.

5.8 SCC-Tandem Computer-Aided Control System

5.8.1 SCC Control System Operation

L.D. Hansen, et al.

See PR-P-131; 2.30; AECL-7510.

5.8.2 Software Development for the SCC Control System

L.D. Hansen, et al.

See PR-P-131; 2.31; AECL-7510.

5.8.3 Mimic Diagrams on the SCC Colour TV Monitor

L.D. Hansen, et al.

See PR-P-131; 2.32; AECL-7510.

5.9 Thermal Analyses of Pickering-A Fuel Channels
with Pressure Tube to Calandria Tube Contact

P.Y. Wong and W.N. Selander

Full power steady-state temperature profiles for
all selected fuel channels have been computed with TRUMP for
three different channel geometries. Results in a form suit-
able as input to stress analysis codes have been made avail-
able to AECL-EC. The steady-state results confirm our
earlier belief that the heat transfer problem is essentially
locally one-dimensional.

Preparations for the two transient cases of loss
of end shield cooling flow and loss of moderator flow
are now underway.
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5.10 FORSIM and MAKSIM

D.G. Stewart

Changes were made to both FORSIM and MAKSIM so
they will run under NOS/BE 1.3, removing the need for
LIB434, the library containing subroutines and system inter-
faces used in an earlier version of our operating system.
These versions were run using several test cases as benchmarks.
User testing continues and final versions of MAKSIM and
FORSIM will be installed on October 19 and November 16,
respectively.

5.11 Stress Analysis Programs

5.11.1 MARC - General

S.B. Baset

A course entitled "Introduction to MARC General
Purpose Finite Element Program" was offered to users at the
Engineering Company on 1981 September 14 to 16. The course
consisted of lectures and workshop sessions, and covered
subjects dealing with linear static, elastic-plastic, creep,
heat transfer, thermal stress, geometric nonlinearity, gap
and shell elements.

5.11.2 STARDYNB - General

S.B. Baset and D. Cheung

A new release (June 01/81 G Level) of STARDYNE
was installed on the CRNL computer system and became the
running version as of 1981 August 17. This release involved
minor fixes and enhancements.

5.11.3 STARDYNE Statistics and Accounting

D. Cheung

Monthly reports showing the turn-around statistics
for MARC, STARDYNE and TPIPE jobs are prepared every month.
The report shows the 50%, 75% and 90% points of the turn-
around time for the jobs. Histograms of the turn-around
statistics are also plotted.

A program to determine monthly payment of usage
fees to SDC (Systems Development Corporation), which are
still calculated manually,is being developed.
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5.12 Interpolation Using Rational Functions

C.A. Wills

The AELIB code AIKINT calculates the value of
first, second, third, ... degree interpolating polynomials
at a required point z until two successive approximations
agree to a specified accuracy. Some sets of data cannot be
well-approximated by polynomials and so a similar scheme
using rational functions may be appropriate. A routine
which interpolates using this method could then be inter-
faced with an algorithm for one-dimensional quadrature of a
continuous function to solve the problem reported in PR-p
130, AECL-7408, 5.14.

Rational function interpolation may be done by
arbitrarily setting one of the coefficients in the rational
function to 1.0 and solving the set of linear equations for
the n remaining coefficients. By doing this for all possible
degrees of numerator and denominator and evaluating each
rational function at z, a "Cauchy array" of approximations
to the function at z is obtained. When two approximations
agree to the required precision, the answer has been found.
The method of rational function interpolation when programmed
this way appeared to work well on selected test cases but
precision is lost due to ill-conditioning in the higher
order systems of linear equations.

The approximation by rational interpolating
functions of increasing degree at a point z may be calculated
using a number of recurrence relations ("Some Techniques for
Rational Interpolation", F.M. Larkin, Comp, J., Vol. 10, No.
1 pp 178-187). This is similar to the algorithm for poly-
nomial interpolation used in AIKINT, but so far no way has
been found to eliminate the need for saving the entire
divided-difference table in the rational case. There is no
loss of precision due to ill-conditioning using this method,
but points in the divided-difference table where there is no
interpolating function of the required degree can cause
errors in the approximation for f(z). This method is still
under investigation.

5.13 Rapid Approximations for the Bickley Function Ki.(x)

J.M. Blair

A key component of the WIMS (Winfrith Improved
Multi-group Scheme) code for reactor lattice cell calcula-
tions is the module W-PIJ which computes collision probab-
ilities in complicated two-dimensional geometries. A basic
computation in PIJ is the evaluation of the Bickley function
Ki,(x), and it has been estimated that up to 50% of the time
required for a WIMS run is spent in evaluating Ki,(x). The
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best approximations currently available for Ki-(x) are
published in Mathematics of Computation (Vol. 32, No. 143,
1978, pp 876-886) and Atomic Energy of Canada Limited,
Report AECL-5820, and 14S versions are provided in AELIB.
The latter approximation requires approximately 40 ys CP
time on the CYBER 170 Model 175, and J.V. Donnelly, Reactor
Physics Branch, has requested that a faster, possibly less
accurate, version be provided. By reducing the accuracy to
8S, and by coding the square root, exponential and natural
logarithm functions in-line, the time has been reduced to 19 ps
for 0<x<l and 29 ys for x>l. Since very little additional
improvements can be anticipated with the existing approximations,
a new set will be constructed, with the objective of reducing
the time to 10-15 ys for the full range of the argument.

5.14 Data Reduction and Analysis

5.14.1 Data Processing System For Analysis of Fuel Defect
Experiments - Peak Finding and Fitting

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

The algorithm for identifying peaks in GRAAS has
been changed. The number of counts in the background is now
calculated from the initial straight line approximation to
the background rather than from the tails of the estimated
Gaussian. The method for single peaks remains the same, but
for overlapping peaks the algorithm now takes two steps.
First a group of up to five overlapping peaks is tested in
the same way a single peak is. If this test is statistically
significant then the amplitude of each possible peak in the
group is estimated. Individual peaks are considered to be
statistically significant if their amplitudes are greater
than zero.

If after fitting a group of peaks, the amplitude
of one or more is statistically indistinguishable from zsro,
those peaks are dropped from the group and the remainder are
fitted again. If the fitting routine does not converge to
an adequate answer those peaks with an amplitude less than
one count and/or a variance not between two to five counts
are dropped from the group and -he remaining peaks are
refitted. This eliminates man;/ "peaks" with a high error
from the final list.

Several new options have been added to the Jt<AAS
input to allow more information to be printed when debugging
the program. The code was also fixed so that when adding
spectra together, the final partial spectrum is processed
even if the count and/or time limit has not been reached.
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5.14.2 Automatic Isotope Identification

M..D. Kent, C.A. Wills and R.D. Delaney (Reactor
Loops Branch)

A program called ISOSI (Isotope Systematic
Identification) has been written and is ready for testing.
YSOSI reads the tape file created by GRAAS and produces a
list of isotopes which may be present in each spectrum. The
output from GRAAS consists of a list giving the energy, area
in counts per second and error in the area for each peak in
a number of spectra. The program uses a library reference
file to decide, for each peak, which isotopes might have
created it. This library contains pre-1976 data and will be
updated soon. An energy check is done for each isotope
before it is accepted to ensure that other major peaks that
should also be present have been identified by GRAAS. A
non-negative non-linear least squares subroutine assigns a
certain amount of the area of each peak to one or more
isotopes based on the branching ratio. The concentration of
each isotope is calculated from the spectrometer efficiency
geometry factor and a weighted average of the results of the
least squares subroutine.

Another table shows which peaks have not been
identified and which have only been partially identified.
Some peaks cannot be resolved as to which of several isotopes
may have caused them. These are also listed. The program
also identifies double and single escape peaks from the
identified isotopes.

Tests on the energy check, calculation of the
concentration, and method of identifying single and double
escape peaks are still to be done. Entries for nuclides
having only relative branching ratios in the library file
need to be updated.

5.14.3 Rupture Strain of Zircaloy Cladding in Steam

C.A. Wills, J.M. Blair and S. Sagat (Fuel
Engineering Branch)

A fitting equation is required for data giving the
strain measured at various temperatures for heating rates of
5, 25, and 100 K/s. Plots of the data show the same shape
(2 maxima and 1 minimum) for each of the three heating rates
with the temperature at which the minimum occurs being the
same for all. However, the maxima do not coincide, especially
at high temperatures. The best fitting equation that has been
found so far is
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(T-1146.59)(0.00211-0.00988//H) ^ „
— e i p.

i=0 1
e — e

where e is strain
T is temperature
H is heat rate
p. is fitted parameters

This fit is not as smooth as expected and is not adequate
for H=5 K/s at high temperatures.

5,15 Miscellaneous Programs and Subroutines

5.15.1 NL2SOL

M.D. Kent and C.A. Wills

A subroutine has been written called NL2INT which
calls the non-linear least squares routine NL2SOL (PR-P-128,
5.13.2; AECL-7234). NL2INT is called with the same calling
sequence as that used for MLSQQ, thus making it easy for
MLSQQ users to test this new routine.

NL2SOL has been found to converge faster and to
a more accurate answer than MLSQQ on many problems. However,
if the function to be fitted includes one or more terms of

P2
the form p,e , NL2SOL does not perform as well as MLSQQ.

This appears to be due to the use of the Marquardt parameter.
More testing is needed to confirm this and to ensure that
this is the only class of problems where MLSQQ performs
better.

5.15.2 Processing of ENDF/B-V Data with NJOY

C.G. Griffiths and P.Y. Wong

A 100-group neutron cross section library from the
ENDF/B-V data file has been made using the processing code
NJOY. The library is designed for fusion reactor blanket
calculations and contains 16 materials. Cross sections in
the library are self-shielded, a feature that is not available
in our old library generated by SUPERTOG.

5.15.3 PINEX Codes

D.G. Stewart

Two program systems from Aeroplane and Armament
Experimental Establishment, Winfrith, U.K. called PINEX codes
were converted (Work Order Number A&206) from IBM to CDC
FORTRAN to run on the CRNL computer system.



- 87 -

5.15.4 Oil/Electric Hybrid Heating Experiment -
Data Storage and: Processing

K.D. Clark, E.G. Long and J.M. Blair

The items mentioned in PR-P-130, 5.17.2, AECL-
7408, (curve fitting for graph number 6 and the plotting of
graph number 7) have been completed.

Reports covering all of the data collected in the
1980-81 heating season were prepared for R.K. Elliott.

The data files were initialized and programs
modified for the 1981-82 heating season,

5.16 Operations

5.16.1 CYBER 720 Installation

B.B. Ostrom

The remainder of the CYBER 720 computer system was
received and installed during the period, with checkout of
the various hardware components continuing.

5.16.2 Power Distribution

B.B. Ostrom

Preparations for increasing the capacity of the 60
hertz computer power distribution system were undertaken
during the quarter, delivery of the new 480 to 120/208 volt
transformer core being late October.

A third 400 hertz motor generator was installed
and placed in operation during the period; further ration-
alization of the 400 hertz distribution system is planned
during the next quarter (we are powering four computer
systems from two 400 hertz generators; standard CDC (Control
Data Canada) practice is one motor generator per computer).

5.16.3 Computer Usage Statistics and Accounting

M.A. Peterson and D. McPherson

Usage statistics collection and reporting programs
have been modified to operate with the four-character "charge
number", which has replaced the three-digit "branch code"
used formerly, and the mandatory five character user identifier
which has replaced an optional and arbitrary identifier.
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A subset of the reporting programs has been
developed to reformat usage reports to match new billing
programs developed by the Engineering Company. This subset
includes programs to map old permanent file and magnetic
tape directory information onto the new charge and user
numbers.

5.16.4 Computer Use By Division

The following table is an analysis
processed during the quarter:

Corporate Head Office
Radiochemical Company
Chemical Company
Engineering Company
WNRE
CRNL:
Computing Centre
Contracts
Technical Information

& University Relations
Health Sciences
Chemistry & Materials
Physics

Number

2488
14

1369
30619
2280

29618
2358

711
5103
2749

11071
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

1219

15777
12258
804

2619
3475

93
109
791

3654
7
75
20

129,281

of Jobs

(1.92%)
(0.01%)
(1.06%)

(23.68%)
(1.76%)

(22.91%)
(1.82%)

(0.55%)
(3.95%)
(2.13%)
(8.56%)

(0.94%)

(12.20%)
(9.48%)
(0.62%)
(2.03%)
(2.69%)

(0.07%)
(0.08%)
(0.61%)
(2.83%)
(0.01%)
(0.06%)
(0.01%)

5,

of the jobs

Utilization
System

38323
44

90078
2080889
182741

354427
80412

17332
131261
32918

974945

200747

539312
375692
5608

83407
222539

67
2569
20291

278247
29
437
264

,712,580

Seconds

(0.67%)
(0.00%)
(1.58%)

(36.43%)
(3.20%)

(6.20%)
(1.41%)

(0.30%)
(2.30%)
(0.58%)

(17.07%)

(3.51%)

(9.44%)
(6.58%)
(0.10%)
(1.46%)
(3.90%)

(0.00%)
(0.04%)
(0.36%)
(4.87%)
(0.00%)
(0.01%)
(0.00%)
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5.17 Reports, Publications and Lectures

Reports

AECL-7511, THE RISE OF HOT GASES RESULTING FROM HYDROGEN
COMBUSTION AT A TRITIUM RECOVERY PLANT
W.N. Selander
1981 September 30

Publications

COMPUTING CENTRE NEWSLETTER, Vol. 8, Nos. 7, 8 and 9
E.A. Okazaki, Editor

Lectures

INTRODUCTION TO MARC PROGRAM
S.B. Baset
AECL-EC, 1981 September 14-16
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ACCELERATOR PHYSICS BRANCH

by

J.H. Ormrod

6.1 Staff

6.2 Nuclear Power Applications

6.2.1 High Current Proton Accelerator

6.2.2 Electron Test Accelerator

6.3 Research Applications

6.3.1 Fast Intense Neutron Source

6.3.2 Heavy-Ion Superconducting Cyclotron

6.4 Mechanical Laboratory

6.4.1 High Current Proton Accelerator
6.4.2 Electron Test Accelerator
6.4.3 Heavy-Ion Superconducting Cyclotron
6.4.4 Reactor Physics

6.5 Publications, Reports, Papers, Lectures and Patents
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6.1 Staff

BRANCH HEAD:

Professional Staff

C.B.
J.C.
K.C.
B.G.
M.S •
J.S.
L.W.
E.A.
J.D.
S.B.
C.R.
J.A.
R.M.

J.
G.E.
H.R.
S.O.
M* R*

J.

Bigham
Brown

D. Chan
Chidley
de Jong
Fraser
Funk
Heighway
Hepburn
Hodge

J. Hoffmann
Hulbert
Hutcheon
McKeown
McMichael
Schneider
Schriber
Shubaly
Ungrin

(1)
(2)
(3)
(4)

(5)

Mechanical Laboratory

J.E.
R.J.
R.J.
R.J.
D.W.
J.F.

Anderchek
Bakewe11
Kelly
Klatt
Warren
Weaver

Attached Staff

L.O.
J.-P

Dallin
. Labrie

(6)
(7)

J.H. Ormrod

Technical Staff

M.W.
R.T.
L.F.
R.J.
H.F.
D.W.
M.F.
K.A.
B.A.
K.J.
J.C.
S.H.
J.E.
P.J.
W.L.
R.E.
J.F.
J.G.
R.A.
A.E.

Beale (8)
F. Bird
Birney
Burton
Campbell
Clements
Coulas
Dobbs (9)
Gillies
Hohban
Jones
Kidner
McGregor
Metivier
Michel
Milks
Mouris
Plato
Vokes
Weeden

Laboratory Services

K.T.
J.J.

McKee
Murphy

Summer Students

R.A.
P.K.
H.G,
M.E.

Butler (10)
Duffie (11)
Okrafka (12)
Vanner (13)

Secretarial Staff

Mrs. M.A. Trecartin

(1) Joined Branch 1981 July 31.
(2) On leave, prior to retirement.
(3) Posted to GSI, Darmstadt, West Germany, 1981 July 13.
(4) Returned from posting to Rutherford and Appleton

Laboratories, Oxfordshire, England, 1981 £e; tember 1.
(5) Outside Duty, working at KEK, Japan, 1981 J.ne 22 to

1981 August 28.
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(6) Attached Staff, returned to University of
Saskatchewan, Saskatoon, effective 1981 September 3.

(7) Attached Staff from Universite de Montreal, arrived
1980 September 8.

(8) Waterloo Student, joined Branch 1981 September 8.
(9) Joined Branch 1981 August 4.

(10) Summer Student, resigned 1981 September 11.
(11) Summer Student, resigned 1981 September 11.
(12) Summer Student, resigned 1981 August 28.
(13) Summer Student, resigned 1981 September 11.
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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

Development of the high-current reflex-arc ion source
continues. Studies on the transport of space-charge neutral-
ized beams have begun.

6.2.1.1.1 Ion Source Test Stand (ISTS)

A microprocessor-based control and data acquisition
system for the Emittance Measuring Unit (EMU) has been
installed and is operating. It is less sensitive to spark-
induced transients than the old controller. Software program-
ming changes to suit the user are readily accomplished. A
program for processing the EMU data has been modified to accept
different paper tape coding. Further modifications to improve
the program structure and to reject bad data points are under-
way.

6.2.1.1.2 Injector Test Experiment (ITE)

Modifications to the high voltage power supply and
dome electronics has permitted routine stable operation for
periods greater than 20 minutes at 46 kV with over 600 mA total
extracted current. Initial tests of the beam analyzing magnet
indicate satisfactory performance. The magnet is now in
regular use for determining the H+ ion yield. Other
electronic modifications have reduced damage to arc power
supplies from spark-induced transients.

Sparking of the series pass regulator tube in the
high voltage power supply has been reduced by decreasing the
raw supply voltage to the tube. This, however, limits full
current (750 mA) operation to 45 kV maximum voltage. An
upgraded tube would be required to operate at full current and
full voltage.
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Oil contamination of the vacuum system is a con-
tinuing problem on ITE. Analysis of samples shows that the
cause is backstreaming from the diffusion pumps. The contami-
nation has had no deleterious effects on plasma source or
extraction column operation.

Studies of the optimum conditions for beam transport
are underway. A frequency analysis of current fluctuations in
the extracted beam showed a strong 100 kHz oscillation that
could be minimized at a specific current-dependent beam
voltage. A cone, located after the decel electrode, that
shields downstream components from beam halo was found to be
misaligned and was intercepting a large fraction of the beam.
After realignment of the cone, the 100 kHz oscillation was not
present. The degree of space-charge neutralization can be
inferred from the voltage bias required to null the current
pickup on the cone. Application of any magnetic field (e.g.
increasing the arc coil current or turning on the beam analyz-
ing magnet) reduces the degree of neutralization. Increasing
the gas flow to the arc or the gas pressure in the transport
region increases the neutralization.

6.2.1.1.3 High Current Ion Source

Low proton fraction is presently the major limitation
of the plasma source. To facilitate studies of geometry
factors affecting this and other source parameters, a new
source has been designed and fabricated. This source can be
operated with three different diameter PIG regions. In
addition, the PIG region length, anode to intermediate
electrode spacing and anode aperture diameter are all easily
varied. This source can also be operated with a lanthanum
hexaboride hollow cathode. Studies using this source are
underway.

Tests of a small magnetic cusp ion source are under-
way on ITE. Over 350 mA total current has been extracted from
this source operating with a 28 A, 90 V arc and high gas flow.

Measurements were taken of the frequency spectrum of
current fluctuations in the arc. The most significant oscil-
lation is at ^ 350 kHz. This oscillation appears at high arc
voltages in the operating region where the arc becomes
unstable. Study of this instability is continuing.

Only limited progress has been made in studies of
emittance reduction using beamlet stacking. The difficulty
comes in defining the position of the "principal plane" of the
divergent lens formed by the aperture in the extraction
electrode.
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Calculations using offset electrodes are not possible with
simulation codes like BEAM, however, calculations with differ-
ent size apertures in the accel electrode can give some insight
into the effect. These calculations have been started.

6.2.1.1.4 Injector Design

Experimental verification of the injector concept
discussed previously is currently underway. Operation of the
plasma source with a high gas flow achieved a current reduction
by a factor of 3.5 with no deleterious effects on ion source
operation. The emittance of the unneutralized fraction of a
beam passing through a neutralizer tube remained within
acceptable limits. Field tests of the concept cannot be com-
pleted until a new neutralizer tube is fabricated. Preliminary
mechanical design of an injector for ZEBRA and RFQ1 is under-
way.

Design of a diagnostic neutral beam injector for the
Tokamak de Varennes has started with the calculation of
electrode shapes. Because of the relatively low voltage (30
kV), the design is based on an extracted current density of 475
mA/cm^ - present accelerator design is 435 mA/cm2 at 46 kV.
Design is complicated by the stray magnetic field of the
tokamak, and by the requirements for scanning the output beam.

6.2.1.2 Code Development

B.G. Chidley, J.D. Hepburn, G.E. McMichael,
S.O. Schriber and M.R. Shubaly and R.A. Judd
(Applied Mathematics Branch)

Modifications, improvements and developments in beam
dynamics, beam transport, magnet design and rf cavity design
codes are important in designing and understanding the oper-
ation of accelerators. Work continues in this area.

6.2.1.2.1 PARMILA

PARMTEQ-C has now been modified so that round-off
errors do not change the time at which the space charge routine
is called. It now gives consistent results, but the underlying
problem with the space charge routine remains. There are also
differences in the results from PARMTEQ-B and C which are
particularly significant at high currents. PARMTEQ-B also
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gives different transmission results depending, as was the case
with the C version, on whether a normal or "quick" square root
function is used. These discrepancies are being investigated.

The PARMILA input subroutine that takes particle
coordinates output by PARMTEQ has been modified to expand or
contract the transverse emittance. This is useful in
determining the quality of the match between an RFQ or drift
tube linac.

An examination of the analytic expressions for
current limits in the RFQ has shown that the design procedure
used by RFQUIK does not lead to a design that has maximum
current capability. The reason is that the eiccelerating
gradient decreases with energy in the accelerating section
leading to a reduction in the longitudinal space charge current
limit. A minor modification to the design algorithm has been
made that increases modulation and synchronous phase with
energy to maintain longitudinal focusing. This results in a
smaller output phase spread and reduces beam loss in the
following drift-tube linac that operates at twice the RFQ
frequency. Details of this procedure are given in a paper to
be presented at the 9th Linear Accelerator Conference.

6.2.1.2.2 1EAM

Final documentation for version one of BEAM is under-
way. Modifications are being made to the emittance calculation
to provide values for both total and rms emittance. An error
in space-charge neutralization is being corrected.

6.2.1.2.3 General

The Hewlett-Packard microprocessor development
station has been used almost full-time this quarter, with
favourable experience. A dedicated, 180 character-per-second
printer has been installed.

Hardware for the microprocessor-controlled bead
puller is complete except that the dc motor for bead control
has not been delivered and the chart recorder was returned for
repair. Alternates for both are being used. Software for the
bead puller is organized in a modular form, with the user
selecting the modules required. Modules completed to date are:
MNITOR (initializes system, prompts user for next module
required), TERMIN (halts microprocessor), PLBEAD (rewinds bead,
controls chart recorder and bead motor, takes position and
frequency data, stores data in RAM, prints number of data
points taken), MEMOUT (prints and/or charts data from memory),
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ZERO (adjusts data to give a level baseline), and PEAKFIND
(locates, identifies, measures and normalizes peaks, prints
results). Thus the system is now operational, but both hard-
ware and software improvements will be made to bring the system
to its full potential. There is no local editor, assembler, or
program monitor; all development is being done on the develop-
ment station. Following in-circuit emulation, EPROMS are pre-
pared for installation in the bead puller. This approach has
worked well on this project.

6.2.1.3 High Current Test Facility

J.C. Brown, B.G. Chidley, R.M. Hutcheon,
G.E. McMichael, S.O. Schriber and J. Ungrin

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

6.2.1.3.1 Injector

Injector operation this quarter was limited to two
low current (1-2 mA) runs to allow renewed tests on the beam
light profile monitor.

The failure of a cooling line connector in an ion
source power supply in the high voltage dome allowed water to
flow down the inside of both the inner and outer support legs
of the dome floor supports. Dry air was forced up both hollow
legs for several days to remove all moisture. Operation at 750
kV is now again reliable.

6.2.1.3.2 Rf Systems

After the tuning tange tests reported in PR-P-130,
section 6.2.1.3.2 (AECIJ-7408) , attempts to apply rf drive to
the triode amplifier resulted in excessive second harmonic
leakage from the filament and plate water-cooling ports. This
was traced to a faulty drive caused by a defective capacitor in
the input matching circuits of the 1 kW stage. Drive level
inptability experienced over the past few months was caused by
thermal detuning of the 150 W stage plate resonator. This was
corrected by replacing the plate tuning capacitor with one made
from a high conductivity copper alloy and adding a small amount
of air cooling. Before proceeding with tank rf conditioning,
the triode amplifier was checked at 130 kW output using the
high power dummy load.
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The heat exchanger and several components of the
liquid freon filament cooling circuit must be relocated to
provide space for installation of the resonant load and its
shielding enclosure. Drawings detailing the piping changes
were completed and modification work is scheduled for the
October accelerator shutdown. During relocation, the shell
side of the heat exchanger will be cleaned to correct severe
fouling. In situ flushing improved cooling enough to permit
system operation, however, the controller has been unable to
hold the supply temperature for the past three months.

In preparation for operation of the resonant load and
the Alvarez linac at higher beam current, instrumentation is
being extended to permit rf system operation from the control
room. Several remote metering panels have been installed and
some of the required cabling has been placed but not termi-
nated. Modifications have been made to the Automatic Frequency
Control unit improving both the lock range and lock stability.
Changes were made to the phase shifter, synchronous detector,
summing amplifier and the control signal amplifiers.

Repair work on the 400 kW rf dummy load was completed
although some adjustments are required to improve the rf match.
The new sheath was repaired by cutting off the damaged end and
adding a brass extension. This extension was placed at the rf
cold end of the load. A water leak at the cold end of the
water sheath was repaired by partially filling the oversized
O-ring grooves with epoxy. The input end was modified to
eliminate a large impedance discontinuity at the transition
from the coaxial input to resistor chain. The input match
improved from a VSWR of 1.5 to 1.2. The latter is attributed
to inadequate compensation of the input line teflon spacer and
improper positioning of the side planes partway down the load.

6.2.1.3.3. Alvarez Tank

Rf conditioning of the tank was resumed after
retuning of the triode amplifier with the water load. For
initial tests on the garter spring stem-to-tank current shorts
(PR-P-130, section 6.2.1.3.4; AECL-7408) the high energy plate
was left at the minimum bellows heating position that was found
earlier without the springs (PR-P-129, section 6.2.1.3.4;
AECL-7328). At a power level of 50 kW the temperature rise in
the bellows was less than 1°C. The end plate was then restored
to its design position where severe bellows heating had earlier
occurred (̂  40°C/kW). No effect was observed on the bellows
temperature. The tank was then conditioned to full power.
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After ^ 40 h of operation at > 140 kW the performance of the
spring contacts remains satisfactory. The bellows temperature
rise remains < 1°C even at 150 kW.

Vacuum leaks at the coupling loop flange and rf
window caused discharges in the loop and subsequent window
damage. The loop was replaced by a new loop with the vacuum
window V 2 from the loop end. The 230 mm rf drive line was
modified to accommodate its longer length. No problems were
experienced during initial operation of the Alvarez tank with
the new loop. The tank has been rf conditioned to full power
with this loop and a new set of measurements on the accelerated
beam are now in progress.

6.2.1.4 Zero Energy Breeder Accelerator

J.C. Brown, B.G. Chidley, G.E. McMichael,
S.O. Schriber and J. Ungrin and R.B. Turner
(Engineering Research Branch)

As an extension of the present high current proton
accelerator program to higher energy and current, the design
requirements for a 10 MeV, 300 mA cw proton linac, ZEBRA (Zero
EJnergy Breeder Accelerator) are being studied. This acceler-
ator would be a test of the initial stage of an electronuclear
breeder and would be used to study injection, engineering, beam
loss, beam transmission and emittance growth problems. The
accelerator, which is presently at the conceptual design stage,
will consist of a low voltage (̂  75 kV) dc injector, a biased
£adio-frequency guadrupole (RPQ) section (*v» 108 MHz) and a
drift tube ^Linac (DTL) (̂  216 MHz). The transition from the
RFQ section to the DTL will occur at ^ 2 MeV.

Design of a 100 mA» 268 MHz RFQ is underway to
determine construction and operational characteristics of a
100% duty cycle structure. A short length structure based on
this design is being built to investigate sparking levels in a
cw RFQ structure.

The Alvarez section of ZEBRA will incorporate a
number of new construction and design concepts not included in
the existing 3 MeV tank. To test these concepts a 268 MHz 2$X
tank (2BLAT) will be built that matches our injector and models
the first 3A ZEBRA tank. The accelerator with an input energy
of 600 keV will permit investigations of shaped drift tube
faces, high accelerating gradients, rf tuners, improved
cooling, permanent magnet quadrupoles, post couplers and a
modular drift tube suspension. A 480 MHz laboratory
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"cold-test" aluminum model of the last six cells of the 2BLAT
tank was fabricated to investigate frequency detuning effects,
stem currents and post-coupler stabilization.

In addition, a high power resonant cavity is being
fabricated to test the transmission of 400 to 500 kW of rf
power to a resonant load and to serve as a test bed for differ-
ent components of resonant structures. A low power model of
this cavity has been built to study rf coupling loops and tank
tuners.

6.2.1.4.1 Radio-Frequency Quadrupole

Measurements continued on a 500 MHz four-vane RFQ
cavity built from 57S aluminum with provisions for changing
vanes and adjusting the end wall. Operation with two drive
loops in opposite quadrants has demonstrated that a manifold
may not be necessary to minimize excitation of the degenerate
dipole modes. Frequency separation between the dipole and
quadrupole modes' is adequate for vane geometries studied.

Field measurements have been completed for tuned
systems without slots at the vane ends. Measurements are
underway for progressively larger slots to determine the effect
the slots have on reducing the tendency for a higher field in
the centre of the RFQ a« compared to the ends. Both capacitive
and inductive tuning H(M» been employed and their effects on
field noted. Use of inductive bars along the length of the RFQ
may be a solution to produce field intensity changes on-axis.
Scalloped vanes that approximate the 2 MeV region of an RFQ
have been used to show that on-axis fields are flatter than
measurements of magnetic fields on the outer circumference
would indicate.

Manufacture of the RFQ "sparker" cavity is underway
and progressing satisfactorily. Copper plates are nearly ready
for the first braze. A small brazing test model was completed
to demonstrate that the box could be assembled using four
brazing alloys.

A considerable effort has been spent on examining 270
and 108 MHz RFQ designs for cw operation. These studies have
covered both manifold coupled and the preferred non-manifold
coupled versions. One method of attaching vanes has been
investigated that permits replacement of the vane by cutting a
number of accessible welds. This design used an adjustable
vane attached via a bellows element to a flange sub-base. The
sub-base employed a knife edge for electrical contact to the
tank wall. Vane adjustment used different sets of bolts - one
locking, and two hold-down bolts to produce tilting.
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6.2.1.4.2 Two Beta Lambda Alvarez Tank (2BLAT)

Experiments on field stabilization using post
couplers are underway with a 50 cm diameter aluminum Alvarez
test tank. The tank, that resonates in the TMQIQ mode at
372 MHz, has 21 drift tubes and is a 0.7 scale model of the 0.8
- 2.8 MeV section of the existing 3 MeV Alvarez accelerator.
Ten 19 mm diameter post couplers that alternate from side to
side opposite the even numbered drift tubes have been used in
initial tests. Field perturbations are produced by adjusting
the endplates to produce a field tilt while maintaining cavity
frequency.

Experiments on the use of post couplers to stabilize
and shape the electric field in an Alvarez linac continued. In
previous tests (PR-P-130, 6.2.1.4.2; AECL 7408) with a 50 cm
diameter "cold-test" model, post couplers were used opposite
every second drift tube. A step reduction in the accelerating
field was introduced by rotating the eccentric tabs on several
post couplers. This procedure, however, resulted in a loss of
tilt stability and also introduced an increase in the electric
field upstream of the rotated tabs (Fig. 6.2.1). Further
experiments showed that tilt stability can. be restored by
increasing the post-coupler spacing from the drift tubes. No
configuration of the tabs could be found, however, that would
reduce the upstream increase in field.

The post-coupler support system was then altered to
allow a post coupler to be installed opposite each of the 21
drift tubes. The on-axis electric fields were once again
stabilized against tilts produced by shifts in the end plate
positions. Positions of the post couplers that reduced the
tilt sensitivity to < 1%/MHz were found for the three
geometries - no tabs, small tabs, and large tabs. The
positions were very nearly the same as those found for the case
of post couplers on every second drift tube.

Field shaping tests were carried out with post
couplers on every drift tube. Figure 6.2.2 shows the normal-
ized field distribution produced by rotating 1, 3 or 6 post-
coupler tabs 90° downstream. Downstream field reductions of
2%, 6% and 14%/ respectively, were produced. A field increase
upstream of the rotated tabs is again seen, but in contrast to
the case in Fig. 6.2.1, the upstream increase depends on the
number of rotated tabs. Figure 6.2.3 shows three different
sequences of tab rotation for the 6 tab case of Fig. 6.2.2.
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The downstream step is maintained, but the upstream increase
(contrary to the case with post couplers on every second drift
tube) can be reduced greatly by a gradual successive rotation
method. For an accelerator with many cells, this geometry and
tab rotating scheme could produce a simple step reduction in
the field. Tilt sensitivity for the cases shown in Figs. 6.2.2
and 6.2.3 remains at < 1%/MHz.

In a final set of measurements on field stabilization
several post couplers in the first half of the tank were
removed. This geometry models the transition region of the Hew
England Nuclear 45 MeV linac where problems have been
encountered in tank stabilization (post couplers opposite every
second drift tube followed by a region with post couplers
opposite every drift tube) . Based on the data from the two
geometries previously tried, electric fields for this geometry
were stabilized in a straightforward manner. Use of the
procedure developed here is being attempted on the New England
Nuclear linac.

A 480 MHz aluminum model of the last six cells of the
268 MHz 2BLAT tank is being built. This model will allow
measurements on frequency perturbations produced by the large
coupling loop and drift tube suspension opening. It will also
be used to determine post coupler effects on stem currents and
will be a valuable test bed for determining optimum drift tube
alignment techniques. Two tuners and up to five post couplers
may be used on the model.

Machining of the 480 MHz aluminum model components
has been completed and low power testing has begun. An attempt
is being made to determine the position of the stem on the
drift tube that will minimize the net stem current.

Testing of electron-beam-produced braze joints that
could be used for sealing permanent magnets in drift tubes have
been suspended until further analysis of the porous braie
joints can be made. A drifts tube enclosure has been designed
using a permanent magnet and electron beam welding.

6.2.1.4.3 Resonant Load

The ZEBRA accelerator will require coupling loops and
windows capable of coupling rf power in the 500 kW range into
Alvarez tanks. An 83 cm diameter by 1 m long aluminum tank,
resonant at 270 MHz and capable of dissipating 400 kW is being
built. This resonant load will be used to test various loop
and window designs and will also include a number of flanges to
test post-coupler, tuner, and drift-tube stem mounts. The
frequency was chosen to match existing rf equipment.
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The main tank has been delayed by welding problems.
As soon as the shops receive a new welding head this work will
continue. The coupling loop has been completed and is now
ready for use. Construction of the tuner has started and is
progressing satisfactorily. With the exception of rf line
flanges, all material is now on hand. A drift tube and a post
coupler will be manufactured as soon as drafting assistance is
available to complete the drawings.

The low power resonant load test model and the brass
mock-up of the new coupling loop assembly were used to measure
the on-tune coupling and the off-tune standing wave pattern on
the loop line. At 276.2 MHz (on resonance) the voltage
reflection coefficient was p = 1.7 (overcoupled), and with the
7/8 in. spacer ring, was p = 1.3 (undercoupled). The agreement
with the design calculations is excellent.

Electric field probes were inserted in the loop line
and the standing wave field pattern measured (Fig. 6.2.4). The
vacuum surface of the rf window was designed to be 5/12 X
distance froir. the off-tune position of the "effective loop
short": instead the window is located approximately 7/12 X
from the loop "node". This was the result of neglecting both
the physical length and the lumped inductance of the loop con-
ductor. With the electric field minimum located in vacuum the
line may be more susceptible to multipactoring.

Multipactoring calculations for both 6-1/2 in. and 9
in. evacuated rf coax lines have been done using a modified
version of Herrmannsfeld's SLAC gun code, RFGUN. The modifi-
cation simply includes a cos(wt) dependence in the electric
field, the latter being calculated in the usual way from static
potentials. This results in what is essentially a "near field"
approximation. Both electron and ion trajectories can be cal-
culated across "near field" gaps immersed in static magnetic
focusing fields. Multipactoring calculations with the modified
code were verified by comparisons with the published parallel
plate multipactoring calculations of Hatch and Williams.

Two point multipactoring in coax lines is not pre-
dictable using parallel plate data, as the different electric
fields on the inner and outer conductor make the electron
transit times quite different in opposite directions. For
example, using 5 eV initial electron energy, as suggested by
Hatch and Williams, two point multipactoring on a 6 in. line is
predicted to occur only above 180 kW peak power. However,
single point multipactoring on the outer conductor seems
possible at much lower power levels. A static solenoidal



Fa.g. 6.2.4 A plot of the radial electric field measured on the "9 inch" rf drive loop
low power mock-up, both on and off frequency. The window is located
approximately 7/12 \ from the "effective" loop short.
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magnetic field changes the multipactor trajectories drasti-
cally. Work is continuing on this interesting application of
electron gun codes.

6.2.1.4.4 Beam Dynamics

The search for an acceptable RFQ-DTL combination for
ZEBRA continues. A number of 108 MHz RFQ, 216 MHz DTL designs
have been studied with' the transition from RFQ to DTL occurring
at 2 MeV. At these frequencies, an input energy to the RFQ of
75 keV appears necessary for a 400 mA design (50 keV injection
is sufficient for the • 200 mA designs but this would require
funneling of two 2 MeV,200 mA beams).

Beam dynamics calculations show that the current
ZEBRA reference design meets most of the requirements for- an
accelerator breeder injector. A paper reporting the results of
these calculations will be presented at the 1981 Linac Con-
ference to be held in October. Although acceptable trans-
mission is predicted, improvement is required in certain areas.
In particular, beam spill in the DTL is excessive and it will
be necessary to improve the longitudinal phase space capture of
the RFQ output beam by the DTL. Possible means of achieving
this, including modifying the RFQ design recipe to provide a
more tightly bunched beam, are being investigated.

Transverse matching between the RFQ and DTL is
another area where improvements will be made. Presently, a
very simple MEET (Medium Energy Beam Transport) line is
included in the reference design. It is sufficient to provide
an acceptance ^ 4 times the 90% emittance of the RFQ output
beam and is not responsible for any beam loss. However, it
seems to cause some overfocusing in the x-x1 plane. This does
not affect the transmission but is believed to cause excessive
emittance growth in the DTL. Further investigations are neces-
sary to see what effects this has in the higher energy sections
of an accelerator breeder.

6.2.2 Electron Test Accelerator

J. McKeown

This 4 MeV accelerator is used for accelerator
physics studies with cw structures at high beam current and
high beam loading. The extension of the accelerator to
accommodate nuclear physics experiments and to provide an
irradiation facility was proposed in the previous progress
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report and is presently well underway. High power tests of the
high power pancake-coupled structure (Model 5) to be used in
the extension are now almost complete.

6.2.2.1 Accelerator Extension

J. McKeown

Extension of the accelerator facility as outlined in
the last progress report has started. The construction of the
E-W extension of ETA tunnel began in August and most of the
small blocks are now in place. The north wall of this section
is complete. The entire wall enclosure will be completed when
enough large concrete shielding blocks are available. Delivery
of the blocks is expected at the end of October. All blocks
necessary for the roof construction are available.

Work on the beam line is in progress. Two 45°
magnets complete with stands and vacuum chambers for bending
the beam .by 90° have been fabricated. Design for high power
slits located between these magnets has been obtained from
National Research Council, Ottawa, and modified for complete
electrical insulation from the beam line, thus enabling beam
spill measurements to be made. The beam window of the irradi-
ation facility has been designed and fabrication is in
progress.

6.2.2.2 Beam Cavity Interaction

K.C.D. Chan

Calculations using BCICRNL continued into this
period. BCICRNL is a code obtained from CERN to calculate beam
energy losses. It has been modified at CRNL to use multiple
beam bunches to simulate cw operation.

The total energy loss parameters with a single bunch
calculated for the accelerating cells used respectively in ETA
and Canadian High Energy Electron Ring (CHEER) were found to be
0.592 and 0.308 V/pC. . The additional energy loss in the
coupling cells used in the CHEER on-axis coupled structure was
calculated to be only 10% of that for the complete structure,
showing the CHEER design is preferable in terms of beam energy
loss.

The amplitude modulation on the wake field in a
system of two accelerating cells and one coupling cell was
further studied by performing calculations with various beam
pipe sizes. These amplitude modulations, which do not appear
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for single cavity excitation, were interpreted as the inter-
ference of zero and ir modes of the simple structure having
frequencies of ± A displaced from the fundamental frequency
fo. The present calculation has reinforced this interpre-
tation by showing the value of A, which is equal to fo
divided by the number of wake field oscillations in each modu-
lation period, to increase with beam pipe sizes or coupling.
Table 6.2.1 shows the modulation period, confirmed by Fast
Fourier Transform Analysis and the derived coupling coef-
ficients. The coupling coefficients are calculated as:

. frequency difference of zero and TT modes 2A

fo fo

They are compared to coupling coefficients calculated using
SUPERFISH. Though good agreement is found for a pipe radius of
0.045 m, there are discrepancies at larger apertures when more
cells should be included in the calculation.

Beam Aperture
Radius

(m)

0.07

0.06

0.045

Table 6.2.1

Modulation
Period
(bunches)

19

29

102

k
BCI
(%)

10.5

6.9

1.96

k
SUPERFISH

(%)

6.8

4.5

2.12

The simulation of cw operation was performed by
sending multiple bunches at bunch frequency fg through a
cavity. Calculations were done with both resonant (fo=fB)
and non-resonant (fp^fB) conditions. Results show much
higher bunch energy loss for the resonant cases, reaffirming
that one should avoid situations in which the bunch energy is
equal to any mode frequency (or its sub-harmonics) of any beam
line element except that of the accelerating mode.

6.2.2.3 High Power Pancake-Coupled Structure (Model 5)

J. McKeown

The high power tests of Model 5 have been very suc-
cessful and are almost complete. The results have been pre-
pared for oral presentation at the 1981 Linear Accelerator Con-
ference, Santa Fe.
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During the high power tests, Model 5 has been brought
to full output power from a single klystron of 100 kW which
corresponds to a power gradient of 105 kW/m and energy gradient
of 1.8 MeV/m in the tank. On-axis field levels in accelerating
and in coupling cells differ by less than 1% throughout the
power range showing negligible thermal detuning effects. The
radial coolant flow, though only 34% of the total flow, is
found to be more effective in reducing frequency shifts at high
power than the circumferential flow. The total frequency shift
is five times higher without the radial and only circumfer-
ential cooling in operation. The extremely fast frequency
change after turning off the radial cooling indicates a possi-
bility of using small radial flow for resonance control instead
of expensive and troublesome mechanical tuners. The problem of
tuner overheating remains even though a copper sleeve was
installed at the inside of the tuner housing. A more funda-
mental redesign will be needed.

In the low power tests, the effect of the tuners on
the fields in the coupling cell is shown in Pig. 6.2.5. A
frequency shift from the reference fully-out position caused by
one tuner must be balanced by a corresponding shift in the
second tuner to reduce the coupler field. These observations
are confirmed by the RLC-coupled loop model and indicate that
even with the V2 mode, a tuner located away from the structure
centre can seriously imbalance the field distribution. The
measurements also confirmed the design expectation that the
tuned condition, i.e. minimum coupler field, is near the
position of minimum penetration into the cavity.

The beam blowup modes in Model 5 were studied by
passing current along a thin wire close to and along the axis
of the tank. The amplitudes of these modes in accelerating and
in coupling cells were measured as a function of the wire dis-
placement from the axis. As shown in Fig. 6.2.6, a coupling
cell is more sensitive to TM^Q-like mode excitation than
accelerating cells for a given wire displacement indicated by
the steeper curve. Accelerating cells with tuners in the fully
retracted position are less sensitive than with tuners in,
suggesting that the electric field maximum is farther displaced
from the structure axis.

6.2.2.4 Microtron and Beam Transport Studies

J.-P. Labrie and J. McKeown

Beam dynamics calculations with the computer code
PARMELA for the linac injector proposed for the Montreal-
Saskatoon microtron project have been completed. The injector
consists of an electron gun, a buncher, a graded-3 section and
a B=l section. Table 6.2.2 give a summary of the results of
these calculations.



Fig. 6.2.5 Power in a coupling cell shown as function of
the frequency shift and of the difference
between frequency shifts of cells with tuners.
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Table 6.2.2

Beam Dynamics Calculations for the Montreal-Saskatoon 2.45 GHz
Injection System

Electron Gun

Beam energy
Beam current
Beam emittance

Buncher

Beam energy modulation
Bunching efficiency
Frequency

Graded-B Linac

Output beam energy, W
AW/W
A<j>
Beam transmission
Beam emittance

Beta=l Linac

Output beam energy, W
A W / W
A<j>
Beam transmission
Beam emittance

100 keV
10 mA dc
4 TT»mm«mrad (unnormalized)

i 5 keV
61% of dc beam in A<j>=16°
2.45 GHz

1.7 MeV
0.07
3°
40% of beam from buncher cavi ty
5.6 ir*mm*mrad (unnormalized)

3.4 MeV
0.04
7°
100% of beam from graded-$ l inac
2 TT*mm»mrad (unnormalized)

6 . 2 . 2 . 5 Computer

K.C.D. Chan and M.F. Coulas

Hardware problems during the beginning of this period
caused excessive down time and the jumbo chassis was eventually
replaced. The system has been running reliably since then.
Except for the Computer Product I/O Expander, the system is
presently running with all standard 15 in. (7-1/2 in.) printed
circuit boards, that includes the new replacement boards: a 64
K memory, a card reader interface, and a 20 mA current loop
interface.

The OWL terminal is now an integral part of the oper-
ating system.
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The computer has been used for logging data for Model
5 high power testing. A program similar to LOG and RFLOG has
been written to output pertinent information during Model 5
operation.

6.3 Research Applications

6.3.1 Fast Intense Neutron Source

J.D. Hepburn

Collaboration with the Health Physics Branch on
operation and further, development of a 4 x 10 1 2 n/s, 14
MeV neutron source continued.

Measurements of beam shape on target were made for
six different combinations of magnet rotation, magnet shim
angle, and magnet shim thickness. Mathematical fits of these
data confirmed that with the present shims the beam could not
be made larger while retaining symmetry. New shims, designed
from the fitting results.- have been made. The larger beam
diameter is required in an attempt to raise the target outgas
threshold (see last progress report) by reducing the beam power
density.

Routine irradiations of biological samples have been
made throughout the quarter.

6.3.2 Heavy-Ion Superconducting Cyclotron

J.H. Ormrod

Design and development of a superconducting cyclotron
for a post-tandem accelerator continues. The cryostat has been
kept cold throughout the quarter for various magnet measure-
ments and other cyclotron components are being developed in
separate test vessels.

6.3.2.1 Cryogenic System

J.A. Hulbert

6.3.2.1.1 Helium Liquefier

The liquefier has operated throughout the report
period, maintaining the magnet coil fully immersed, at first
for full power trim rod drive tests and then on standby.
Liquid helium has also been supplied for cryopump cooling
during rf structure tests and for extraction channel experi-
ments.
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After approximately 11,000 hours of operation the
liquefier flywheel shaft snapped at the No. 1 engine cam
bushing. Luckily the liquefier was stopped immediately by the
operator and no other damage was sustained. A temporary shaft
was made and the liquefier returned to service after 24 hours.
This problem had been previously noted by the manufacturer in
machines subjected to long-term overpressure operation. The
shaft failure appeared to be a typical fatigue fracture and a
new, higher strength component was obtained from the manu-
facturer to avoid a repetition.

6.3.2.1.2 Instrumentation

Development of modules for coupling the cryogenic
system to the control computer continues. A DVO (dc valve
operator) has been completed, for operation from the SPO fan-
out module (SPO coupler) previously reported. A prototype
pneumatic valve has been made which will replace any of the
cold box on-off gas valves, for remotely controlled operation.

During the development of the cyclotron system there
is a need for a foolproof, yet easily operated, means of
testing various mechanisms and readouts as they are added. The
system variable data base should provide this facility but it
is not yet available. In the course of writing programs in
MUMTI for the use of technical staff testing and commissioning
the components of the cryogenics/computer interface, a high
level language designated 'HEUK1 has been outlined. Two MUMTI
modules have been written which define the syntax of HELIK and
provide a HELIK compiler. HELIK would be used, for example, by
entering the CAMAC address(es) of a valve in a table. The
operator would then merely have to state 'OPEN V2311 or 'CLOSE
V2311 to operate valve V231 through the CAMAC system.
Pressures, temperatures and liquid levels may similarly be set
or read. Completion and testing of the programming for HELIK
has been slowed by memory space limitations in the MUMTI oper-
ating system, and the usefulness of the language has yet to be
demonstrated.

6.3.2.1.3 Transfer Tube Development

A flexible, shielded transfer line for the cold
return gas between magnet cryostat and liquefier has been
designed. It is of a suitable length both for evaluation in
the development laboratory and for final use in Building 137.
Material for this line is on order.
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6.3.2.1.4 Cryopump Mk II

An anodizing technique has been evaluated for
blackening the inner baffle of the cryopump. The coating is
matt, uniform and tenacious and assembly of the pump will now
proceed.

6.3.2.2

6.3.2.2.1

Magnet

Trim Rods

J.H. Ormrod

The motor-gear-clutch assembly for one upper quadrant
of trim rods was installed (see Fig. 6.3.1), the remaining
electronics built and the test program written and debugged.
The system operated in a satisfactory manner up to a midplane
field of ^ 4.3 T, at which point the solenoids that operate the
valves for the pneumatic clutches failed. Magnetic shielding
was installed and then modified to permit operation to full
field for all except the innermost solenoid. A small addition
to the shielding is expected to correct this problem. Two
types of stepping motors were used in this prototype, the pre-
ferred model and a higher current model that has a greater
starting torque. The preferred model operated well at all
fields without any additional shielding and will be used in the
final design. Orders have been placed for the components of
remaining seven drivers.

6.3.2.2.2 Isochronous Fields

C.R. Hoffmann and J.H. Ormrod

Figure 6.3.2 shows the measured average midplane
induction for accelerating iodine to 10 MeV/u, the resulting
betatron frequencies calculated with a static orbit code and
the phase slip calculated with an accelerated orbit code. The
magnet coil currents were determined by a least squares
interpolative fit within the 6 x 8 array of mapped fields (see
PR-P-130, 6.3.2; AECL-7408) and the trim rod retractions to
isochronize the field were calculated from their measured
response curves. The phase history of the bsam could be
improved by a further adjustment of the trim rods but the phase
slip is already less than the probable phase error due to cali-
bration errors in the flip coils (± 0.01%). The ripple in the
betatron frequencies is mainly due to the trim rod corrections
and is acceptably small everywhere.
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Fig. 6.3.1 The motor-gear-clutch assembly used to position
the trim rods in one upper quadrant.
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Fig. 6.3.2 The measured average midplane induction, <B>,
for accelerating I23+ to 10 MeV/u and the
calculated phase slip, <j>, and betatron
frequencies, v z and (vr-l), using the measured
field.
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Figure 6.3.3 shows the difference in the average mid-
plane induction between the measured and "requested" values to
accelerate carbon to 50 MeV/u. Also shown are the thirteen
trim rod positions and their retractions. This is again for
the initially calculated trim rod settings and results in a
cumulative phase slip of only 30°. This is our most relativ-
istic ion and requires quite large trim rod retractions; never-
theless, the phase slip is still small enough to allow acceler-
ation to extraction. Once a beam is accelerated to extraction,
it is intended to achieve final isochronization by further trim
rod adjustments using a movable phase probe to determine the
corrections. On the basis of these results, it is not
essential to incorporate into the fitting codes the trim rod
response perturbations due to midplane induction changes
discussed last quarter (see PR-P-130, 6.3.2; AECL-7408).

6.3.2.2.3 Fringing Field Measurements

J.H. Ormrod

The library of midplane magnetic field maps extends
to a radius of 693 mm. The field beyond this has been measured
at three excitations by a single flip-coil at 20 mm intervals
along two secants through the cryostat where it is penetrated
by the injector line and a probe hole. The three excitations
were 1) full field, 2) high inner- and low outer-coil currents
and 3) low inner- and high outer-coil currents to span the
radial range where the field reverses sign (960 mm to 1109 mm).
These results are now being compared with POISSON calculated
fields.

6.3.2.2.4 Rough Vacuum System

J.H. Ormrod

The midplane vacuum required to accelerate heavy ion
beams with acceptable charge exchange losses is ^ 6 x 10"5

Pa (<\, 5 x 10"' torr). The 3 mm thick copper liner that
forms part of the high vacuum enclosure cannot withstand a
differential pressure of an atmosphere and a rough vacuum will
be maintained between the liner and the poles. There are over
two hundred O-rings sealing this rough system.

The system is pumped by a 100 L/s turbomolecular pump
and a 6 L/s mechanical pump in series. After less than 200
hours of operation, the turbomolecular pump failed and is being
replaced by the manufacturer. Prior to its failure, the best
pressure achieved was less than 1 Pa (̂  10~2 torr), even
with some known leaks. These leaks have been sealed and an
order of magnitude improvement in vacuum is expected when the
turbopump is reinstalled, giving a vacuum towards the favour-
able end of the desired range of 0.1 - 1 Pa.
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Lg. 6.3.3 The difference between the measured and
"requested" raidplane induction to accelerate
C 6 + to 50 MeV/u and the locations and
retractions of the trim rods.
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6.3.2.3 Accelerating Structure

C.B. Bigham

In the first tests with the Alloy 155 contacts
(PR-P-130, 6.3.2.4; AECL-7408), the resonator was operated at
levels up to 90 kV at 32 MHz and up to 70 kV at 6 frequencies
spaced up to 60 MHz.

A "24-hour" demonstration run was made at 32.709 MHz
O-mode. The dee tip voltage was 90 kV at an rf power level of
about 100 kW. The run was continuous except for one PA trip
(down for "v* 6 minutes, the reason for the trip is unknown) , one
accidental vacuum trip (down for few seconds, caused by a
defective range switch) and about 20 tuning transients of 0.1
seconds each. There were 12 one-hour periods with no
transients. The voltage stability over one-hour periods was
better than 0.1% with the main variations being caused by power
line variations. The temperatures at the monitored points
remained stable and maintenance of good vacuum indicated that
there were no unmonitored hot-spots.

Operation in the ir-mode, however, was limited by vacuum
transients that seemed to correlate with temperature transients
in the cryostat wall. The structure was opened and, as sus-
pected, some of the cryostat wall contacts were found to be
melted or overheated. These were replaced and copper covers
over the stainless wall in the hill region were improved. The
electron gun assemblies also had some arc damage and were
removed. The main tuners were inspected (but not disassem-
bled) and appeared to be the same as when installed.

Since then, the structure has been operated to 80-90
kV in both modes between 32 and 53 MHz. Cryostat wall tempera-
tures are higher in the ir-mode but stabilize at a reasonable
level. The actual cryostat has better cooling than the test
chamber and so should have smaller temperature increase.

Because of poor directivity in the directional
couplers, rf power levels are uncertain by ^20%. However, the
results indicate that the power amplifier will drive the
structure to more than 90 kV dee tip voltage over the full-
frequency range and with some marginal power amplifier voltage
increases, to 100 kV.. The power estimates given earlier
(PR-P-122, p. 126; AECL-6582) were too low for the higher
frequencies - primarily because of an error in the voltage
measurements.
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The dee voltages were measured using an intrinsic
germanium y~ray spectrometer to measure the end-point or maxi-
mum energy of the x-rays produced by electrons crossing the dee
gap in the structure (PR-P-129, 6.3.2.3.2; AECL-7328). The
electron guns installed at radii of 620 mm (dee tip) and 480 mm
allowed measurements at specific points in the structure. Well
defined end points were obtained by subtracting gun-off from
gun-on spectra. The ratio of voltages at 480 mm relative to
voltages at the dee tip as a function of frequency is shown in
Fig. 6.3.4.

It was found that a good measure of the dee tip
voltage could be obtained by using a collimator on the spec-
trometer arranged to see only the dee tip "hot-spot" and this
was used for voltage calibration after the guns were removed.

The electron gun installed near the injection radius
did not produce a measurable effect but some information was
obtained from spectra observed from the central region in the
7T mode. At 32 and 38 MHz, spectra with well defined edges were
observed and are believed to give a good measure of the
resonator-to-resonator voltage, i.e., twice the dee voltage.
At higher frequencies the edges are not as sharp and seem to be
at too high an energy. A dependence more like the dashed curve
shown in Fig. 6.3.4 is expected. The central region spectra in
the zero mode at higher frequencies has an edge higher than the
dee tip voltage, often well defined and at 45% higher energy at
60 MHz. The assumption that this was a good measure of the
resonator voltage caused the error in power estimates mentioned
above.

In summary, the voltage ratio V(480 mm)/V(620 mm)
(obtained with the filaments) shown in Fig. 6.3.4 are believed
to be good to about ± 1% but only the low frequency values for
V(centre)/V(tip) (obtained without filaments) are believed to
be correct.

Multipactor breakthrough has always been marginal
during first start-up at a new frequency and markedly worse at
higher frequencies. This has been improved by sharpening the
leading edge of the rf start-pulse.

The detailing of the "back-up" clamping tuner is
nearing completion. The contacts are copper wedges held by
individual springs at 4° spacing (i.e., 90 contacts) actuated
by a chain and sprocket driven screw clamp. Each contact is
held by a 10-20 N force when clamped and the springs allow a
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Fig. 6.3.4 Radial dee voltage variation.
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± 1 mm variation in the contacting surfaces to cope with
inaccuracies in the tuner walls. A 5 contact model has been
constructed for mechanical and electrical tests.

If the Alloy 155 tuners cope with the remaining
testing to be done, i.e., to ^ 90 kV between 53 and 62 MHz,
they will be used for the tests with the structure in the
magnet.

6.3.2.4 Injection

6.3.2.4.1 Low Energy Buncher

C.B. Bigham

An rf test model of a low energy buncher was designed
(PR-P-118, p. 141; AECL 5845) and subsequently built. It is
required to bunch the ion source beam to produce a time focus
at the stripper in the tandem terminal. Modest voltages, ^ 2
kV peak, are required. The ideal sawtooth voltage is approxi-
mated by summing fundamental and first harmonic voltages on one
gridded gap.

Development of rf drive circuits and tuner control
circuits is continuing. The 50 W broad band solid state power
amplifier has been purchased.

6.3.2.4.2 High Energy Rebuncher

C.B. Bigham

A rebuncher is required to correct for straggling in
the beam and reduce the bunch length at the stripper foil in
the cyclotron. It is located after the tandem analyzing magnet
where the bunch lengths are less than 20° in rf phase. Because
of the beam energy and drift length remaining to the cyclotron,
substantial voltage perturbations are required to obtain the
required time focus at the cyclotron stripper foil.

A conceptual design has been worked out for a drift
tube buncher operating at either the 2nd or 4th harmonic of the
cyclotron rf frequency. A fixed length of drift tube, 65 mm,
can be used and the energy perturbations required can be
achieved with modest rf power, ^ 100 W.
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6.3.2.4.3 Injection Dipole

J.H. Ormrod

The injection dipole is located in the 300 mm
diameter injection hole in the yoke wall. Its design was
greatly influenced by the expected flux leakage from the
cyclotron yoke, especially at high midplane fields. Figure
6.3.5 shows the dipole magnetization curves for three values of
midplane induction. The behaviour is quantitatively as
expected but at the highest midplane field the magnetization
curve is shifted 50% more than predicted by calculations with
TRIM. The available range of dipole excitation still permits
steering the most rigid incoming ion 10 mrad more than the
required calculated deflection.

6.3.2.4.4 Foil Changer

C.R. Hoffmann

A work order has been raised to fabricate a vacuum
envelope to house drive gears and tensioning apparatus for the
foil transport chain.

6.3.2.5 Extraction

C.R. Hoffmann

Experimental development work continues with small
racetrack coils which model one of four windings in a super-
conducting radial gradient focusing structure. Copper contact
pieces which are soldered to lead wires from the coil have been
redesigned to avoid wire breaks which occurred in two coils.
Double layer coils have been operated above 300 A in a magnetic
induction of 4.6 T. Operation is erratic with the current
direction such that magnetic forces are directed away from the
central coil bobbin. The current values at coil quench may
fluctuate by 25%. A plausible cause for this is conductor
motion at the coil ends where the wire path changes from a
straight line tp an arc of a circle. (Conductors are supported
in the straight sections/ but not on the curved ends.) Prepa-
rations are underway to test this hypothesis.

A coil former has been designed for a model bias coil
and fabrication has started. This coil consists of a pair of
saddle windings wound on a 22 mm diameter stainless steel
cylinder approximately 100 mm long. Each member of the pair
has 2 layers of 16 to 18 turns per layer.
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Design work is in progress for the modules of the
first section of magnetic channel. Space restrictions have
forced redesign of all elements in this channel section. Bach
of three modules will contain an iron radial focusing structure
and superconducting bias and compensation windings. A fourth
module, which will be located at the channel section entrance,
will contain the iron structure only. The iron structure aper-
ture has been enlarged to allow more space for beam pipe and
bias windings and structure height reduced to provide adequate
space for superinsulation. Modifications to the compensation
elements for hill edge effects will also be made.

6.4 Mechanical Laboratory

J.E. Anderchek

The Mechanical Laboratory operates the machine shop
and furnaces in Bldg. 145 and carries out mechanical con-
struction, assembly, repairs and vacuum testing for the
Accelerator Physics Branch and the Reactor Physics Branch.

Total laboratory time breakdown in the quarter is as
follows:

Accelerator Physics Branch - 97.3%
Reactor Physics Branch - 2.7%.

6.4.1 High Current Proton Accelerator

A short section of 230 mm rf transmission line and a
loop port spacer were made for installing a \/2 coupling loop
in the Alvarez tank. Also a number of rf transmission line
clamps and a leaking cooling water line on the Alvarez tank
titanium sublimation pump were repaired.

The cooling water sheath for the 400 kW rf dummy load
was repaired by cutting off the damaged end and adding a short
metal extension.

A number of components were fabricated and assembled
for low power modeling of the resonant load coupling loop.
These included the low power loop, a teflon window, a section
of 230 mm rf drive line and six electric field sensing probes.

The prototype of the Mk III duoPIGatron ion source
and of the lanthanum hexaboride hollow cathode assembly were
fabricated.

A magnet cradle for the High Current Test Facility
was made, a neutralizer tube repaired and two water-cooled
vacuum chamber liners were fabricated and installed.
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Brazing was completed on a new 15 cm coupling loop
with a vacuum window Wl from the loop end.

Drift tubes, tuners and supporting hardware for a
2BLAT model tank were fabricated and new supports were machined
for post couplers on a second model tank.

A series of brazing tests were carried out using
rivets to hold thin copper plates to thick copper sections.
Melt characteristics of a number of new alloys were investi-
gated and further test segments were fabricated for experiments
using an electron beam welder to heat braze alloy locally for
melting.

6.4.2 Electron Test Accelerator

Low power testing of Model 5 tank was finished.
During the tests, four copper plates were made with smaller
iris openings to mount on the original iris, in order to reduce
the coupling between the rf drive and the tank. A device was
manufactured to suspend a thin wire along the tank axis. Small
displacement of the wire from the axis could be introduced and
measured with a micrometer. This device was used to study the
excitation of beam blowup modes by passing a small current
along the wire. The drive mechanism of the tuners was also
corrected to operate even when the tank was not under vacuum.

Overheating around the tuners continues to be the
problem in Model 5 high power tests. Consequently, the tuners
were modified on a couple of occasions. Work included instal-
lation of copper sleeves inside the tuner housings, repairs of
finger contacts, improvement of cooling and installation of a
copper baffle to detune the parasitic cavities at the upper end
of the bellows.

Work on the 90° bend continues. The two 45° magnets
were plated by dipping into zinc phosphate solution (Oakite
Cryscoat Process).

6.4.3 Heavy-Ion Superconducting Cyclotron

Modifications have been made to a racetrack shaped
superconducting coil former which has been used for extraction
system development. These include extension of side supports
and replacement of the racetrack ends. Coil formers were made
for winding room temperature models of small superconducting
dipole coils and their compensation turns.



- 130. -

The tuning capacitors of the low energy buncher cold
test model were modified to reduce microphonic effects.

Sliding short tuners for the SCC rf structure were
rebuilt for spring contacts made from CDA Alloy No. 155.

Development of a rolling mill to form copper strips
for extraction channel electrical power leads was completed and
a sufficient quantity of strips were manufactured for testing.

Magnetic shields and wiring covers for a prototype
trim rod drive assembly, chassis components for liquefier/com-
puter interfacing and an emergency replacement flywheel shaft
for the CTI 1400 helium liquefier were fabricated.

6.4.4 Reactor Physics

Three control rod bobbins and four electrical cable
cleats for PTR were manufactured.

An aluminum package maker, aluminum foils and a
quantity of (Lu-Mn-Al), (Au-Al), (In-Al) and (Cu) foils for
ZBEP fuel were fabricated, together with an NRU thermocolumn
calibration wheel and twenty special sample changer trays.

6.5 Publications, Reports, Papers, Lectures and Patents

Publications

TRANSOPTR - A SECOND ORDER BEAM TRANSPORT DESIGN CODE WITH
OPTIMIZATION AND CONSTRAINTS
E.A. Heighway and R.M. Hutcheon
Nucl. Inst. & Methods ]JT7 (1981) 89-95.

A NEW COMPACT DOUBLY ACHROMATIC ASYMMETRIC TWO-MAGNET BEAM
DEFLECTION SYSTEM
R.M. Hutcheon and E.A. Heighway

ibid., 81-87.

Reports

FIELD MAPPING AND RAY TRACING THE LAB MODEL AIR MAGNET
R.M. Hutcheon
Atomic Energy of Canada Limited, Report AECL-7403 (June 1981).
BEAM TESTING OF THE LAB MODEL 270° HEAD MAGNET
R.M. Hutcheon and B.A. Gillies
Atomic Energy of Canada Limited, Report AECL-7330 (July 1981).
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STATUS OF THE CHALK RIVER SUPERCONDUCTING HEAVY ION CYCLOTRON
J.H. Ormrod, C.B. Bigham, E.A. Heighway, C.R. Hoffmann,
J.A. Hulbert and H.R. Schneider

EXTRACTION SYSTEM MODEL EXPERIMENTS FOR THE CHALK RIVER
SUPERCONDUCTING CYCLOTRON
C.R. Hoffmann

The above mentioned papers were presented at the Ninth
International Conference on Cyclotrons and their Applications,
Caen, France, 1981 September 7-10.

APPLIED RADIATION EXPERIMENTS WITH AN ELECTRON LINAC
J. McKeown, J.S. Fraser and S.B. Hodge
Paper presented at the International Conference on Industrial
Application of Radioisotopes and Radiation Technology,
Grenoble, France, 1981 September 28 - October 02.

Lectures

PROTON LINAC FOR HIGH CURRENT
S.O. Schriber
Seminar presented at KEK National Laboratory for High Energy
Physics, Oho-machi, Ibaraki-Ken, Japan, 1981 July 08.

THE ACCELERATOR BREEDER PROGRAM AT AECL
S.O. Schriber
Seminar presented at Nihon University, Tokyo, Japan,
1981 July 23.

PARAMETERS OF THE DISK-AND-WASHER STRUCTURE
S.O. Schriber
Seminar presented at Nihon University, Tokyo, Japan,
1981 July 23.

HIGH ENERGY STRUCTURES RELATED TO PROTON LINACS
S.O. Schriber
Seminar presented at Kyoto University, Kyoto, Japan,
1981 August 07.

EMERGING NEW DESIGNS FOR ELECTRON IRRADIATORS
J. McKeown
Seminar presented at European Society of Nuclear Methods in
Agriculture (ESNA), Sixth International Conference, Grenoble,
1981 September 24-25.

The lectures listed above may not be available in print.
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