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SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

Fibre optic control links to the ion source of
the tandem are being installed with resulting greatly
improved reliability. The tandem performed well except for
a broken insulator which was repaired with dispatch by the
supplier.

Accelerator availability was as follows:

Experiments running 1587.0 hours 72.7%
Scheduled shutdowns 304.0 hours 13.9%
Unscheduled shutdowns 293.0 hours 13.4%

2184.0 hours 100.0%

The ISOL isotope separator is performing reliaoly.
The cross contamination between adjacent mass peaks and the
mass resolution were measured and found to be excellent.

Thirteen experiments were performed during the
quarter. Nineteen visiting scientists used the accelerator;
they were involved in experiments occupying 94% of the beam
time and in those experiments their participation averaged
42%.

Research Activities

Ultra-high precision results in measurements of
mass differences with the QD3 spectrometer have been
obtained and establish the value of the instrument for this
application.

Accurate velocity calibration of the enhanced
transient field effect has shown the suitability of Gd as
the ferromagnetic material. A way of annealing Gd foils to
provide consistently high magnetization has been found.

Techniques for radioisotope dating with the MP
Tandem have been improved to the point where useful
measurements of ages of ground-water and other samples can
be made.

Experiments at TRIUMF on muon induced fission in
show that the mechanism involves electric dipole

interaction between the nucleus and the muon.
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Fine structure in the photo fission spectrum of
n a s been interpreted in terms of a many-well

potential shape for the fission barrier instead of the
• presently accepted double well.

Measurements of the fast neutron yields from
^LiD exposed to thermal neutrons indicates that a
suitable converter of 6LiD installed in a high-flux
researcn reactor could produce a neutron flux for
fusion-energy neutron damage studies comparable to that
availaole from the best 14 MeV neutron generators.

1.2 Accelerator and Applied Physics

Research Applications

a) Fast Intense Neutron Source

The accelerator is operating reliably.

Replacement tritiated targets are on order.

b) Superconducting Cyclotron

The magnet is still dismantled for tne modifications to
the cryostat inner wall needed for the integrated tests
with the radiofrequency accelerating system and for
drilling the remaining 80 trim rod holes in the flutter
poles.

- All trim rods and their holders are fabricated;
installation awaits receipt of the flutter pole
assemblies.

The ground fault between the main coil and the helium
can has oeen eliminated, plugs nave been welded into
the three access holes and the can is once again
superinsulated.

The electrostatic deflector has been moved radially
inwards by 5 mm. This cnange has, along with hill
profile modifications, reduced the phase slip and
radial betatron frequency problems and suitable field
profiles have been generated to extract the two most
difficult ions - carDon at 47 MeV/u and uranium at
10 MeV/u.

- Design work on beam transport quadrupoles by the
supplier and resolution of beam properties from the
tandem has resulted in minor changes in the beam line
configuration and equipment placement.
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Nuclear Power Applications

a) High Current Proton Accelerator Development

- Development of high-current reflex-arc ion sources
continues with improved operation.

Design of a four-beam xenon source has started.

Commissioning and testing of components for the Injector
Test Experiment continues.

The 7 50 kV injector has been operated at various voltages
to determine beam optics parameters.

Collars for the drift tube supports of the Alvarez tank
have been soldered in place. High power tests have
resumed.

Design of an Alvarez tank that will incorporate changes
required for an improved drift tube accelerator tank is
underway.

b) Electron Test Accelerator

Operation was restricted by problems in tne control
systems and hign voltage power supplies.

- Some difficulties were encountered in brazing the
radiofrequency adaptor for the pancake coupled
structure.

A first experiment of splitting power between a resonant
and non-resonant structure was partially successful.

c) Fertile-to-Fissile Conversion Experiments at TRIUMF

Two runs were made with the UO2 target using a 480 MeV
proton beam with manganese foils, uncovered in one run
and cadmium covered in the other.

1.3 Solid State Physics

Measurements of frequencies of phonons in uranium
rocksalt-structure compounds nave been continued. From a
comparison of the results for six compounds it can be shown
how tne ionic sizes determine the interactions. From the
interactions, explanations for certain properties of the
compounds, e.g. the anomalously low magnetic moment in
uranium nitride can be adduced.

A theoretical description of magnon-phonon coupling
in actimde rocKsalt compounds is being developed. It is
anticipated that atomic vibrations play a large part in
determining the magnetic response in these materials.
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The fraction of water molecules existing as strongly
hydrogen-bonded hydrates in three types of living plant leaves
has been measured by thermal neutron inelastic scattering.
These are oelieved to be the first neutron inelastic scattering
experiments involving living tissue samples.

Well-defined spin-wave excitations have been observed
in the induced magnetic moment system Pdy# 95^0.05 *-

n

a collaborative experiment carried out on the riFIR reactor at
ORNL.

A Zeeman effect atomic absorption spectrophotometer
has been acquired to determine trace impurities in CdTe to
improve performance of detectors made from this material.

1.4 Applied Mathematics and Computation

Calculations have been made of neutron fluxes and
leakage and absorption rates for spheres of light and heavy
water containing various neutron sources as an aid in
evaluating practical usefulness of these sources.

The development of a model for bias effects in the
micro-structure of radiation induced creep has concluded with
tne computation of bias factors wnich are consistent with
values determined from in-reactor creep experiments. Other
work in the general area of simulation included modifications
to tne chemical reaction kinetics code MANSIM to render it more
readily transportable to other computing systems, and an
evaluation of a two-dimensional finite element program TWODEPEP
(obtained from International Mathematical and Statistical
Library).

The capabilities of the shielding code NUSHLD (used
by Process Systems Design Branch) have been extended by
enlarging its library of gamma-ray decay data, incorporating in
it information from the RSIC library. An analytic solution has
been found for a set of four non-linear equations describing
steady rotation of liquid-lubricated end-face seals; the
existence of an exact solution for this problem has provided a
useful test for the accuracy of non-linear equation library
subroutines.

A project to develop an improved subroutine for
providing thennodynainic properties of water and steam was
begun. The intent is both to provide more capabilities, and to
develop more efficient code. For at least some properties,
rational expressions can be devised which can be computed an
order of magnitude faster than solving the implicit formulae,
as is done at present.



Work on miscellaneous programs or subroutines during
the quarter included:

- . design of programs for storage and retrieval of radioactive waste
data

Modifications to the Leave Recording System to incorporate a new
schedule of leave for Engineering Company employees

- changes to the fuel defect experiment data analysis programs to
reflect improvements in the loop model

analysis of data on tritium release from NRU

improvements to programs for analyzing DNA molecular data

application of sparse matrix methods to the FIREBIRD
thermalhydraulics code.

Development to the operating system, programming
languages and system utilities included:

acquisition and installation of the Statistical Package for the
Social Sciences,

- modifications to the subroutine library AELIB to correct or
improve a number of existing routines, and add several new
routines,

- release of the device-independent graphics system GRVIEW.
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The Computing Centre workload during the quarter
comprised 120,550 jobs distributed as follows:

Percentage of Percentage of
Number of Jobs Total Utilization

Radiocheinical Company
Chemical Company
Engineering Company
WNRE

CRNL

Computing Centre
Contracts
Technical Information

& University Relations
Health Sciences
Chemistry & Materials
Physics
Electronics, Instrument

and Control
Advanced Projects & Reactor Physics
Fuels & Materials
Administration
Financial
Operations
Maintenance & Construction
General Services
Plant Design
Special Projects
Environmental Authority
Others

0.01
0.87

18.04
2.31

29.58
2.79
3.65

3.74
2.00
7.84
0.62

10.39
8.87
0.76
2.30
2.91
0.00
0.08
0.59
2. 59
0.02
0.04

0.00
1.44

30.95
5.05

9.73
1.42
1.57

2.04
3.09

14.23
0.65

9.75
7.34
0.20
2.93
2.94
0.00
0.39
0.41
5.85
0.00
0.01
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(1) Pest doctoral fellow

(2) Visiting Scientist from University of Aarhus;
arrived 1980 June 02.

(3) Visiting Professor from University of Guelph;
arrived 1980 May 12.

(4) Transferred from R.&I.S. Branch 1980 May 5.

(5) Commenced employment 1980 May 26.

(6) Summer student attached from the University of
Toronto; arrived 1980 May 26.

(7) Summer student attached from the University of
Toronto; arrived 1980 May 5.

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

(9) AECL (Solid State Science Branch) Summer
Student from the University de Montreal
working part time with H.R. Andrews; arrived
1980 May 06.

(10) National Summer Student from Carleton
University; arrived 1980 May 1.

(11) AECL (NRX Reactor Branch) Summer Student from
Queen's University working part time with
R.B. Walker; arrived 1980 May 05.

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

(13) Summer student attached from Oberlin College;
arrived 1980 June 16

(14) Summer student attached from the UniversitS
de Montreal; arrived 1980 May 20.

(15) Local Summer Student from University of
British Columbia; arrived 1980 May 20.

(16) National Summer Student from McGill
University; arrived 1980 May 5.

(17) Coop Student attached from CEGEP de la
Pocati§re; arrived 1980 May 26.

(18) Summer Professor from Oberlin College; arrived
1980 June 16.

(a) Also has responsibilities in Section I and II.

(b) Also nas responsibilities in Section I.
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2.2 Parity Forbidden Alpha Width of the i.56 MeV State
of b i

A.B. McDonald, G.C. Ball, W.G. Davies with E.D. Earle (Neutron
and Solid State Physics Branch), R.G.H. Robertson, P. Dyer,
R.C. Melin (Michigan State University) and T.J. Bowles (Los
Alamos Scientific Laboratory)

A ten day run has been performed with all experimental
parameters (PR-P-124: 2.2; AECL-6788) optimized. Data
analysis is still in progress; preliminary results indicate
that the parity forbidden alpha width is less than
2 x 10~6 eV (1 standard deviation). This implies an
enhancement factor less than 80 for the contribution of
neutral currents to the weak pion-nucleon-nucleon interaction.

2.3 Parity Violation in the Photodisintegration of Deuterium

A.B. McDonald, J.J. Hill with E.D. Earle and J.W. Knowles
(Neutron and Solid State Physics Branch)

Development work is proceeding on the polarized
electron source. The krypton ion laser is in routine
operation with output power up to 2 W at 752 nm wavelength.
Using this laser, electron beams of up to 500 pA at 60 kV have
been obtained by piiotoemission from GaAs. Lifetimes are still
short and are significantly affected by beam focussing.
Changes in vacuum equipment and techniques are planned to
improve the lifetime. Machining is in progress for a 90°
electrostatic bend which will remove the beam stop from the
direct line of sight to the GaAs crystal, and also permit
measurements of electron polarization to be made by Mott
scattering.

Drafting work has been completed for the target
assembly including the water cooled Ta radiator and D2O
target. A design contract has been placed with a commercial
firm for the full scale boron lined neutron detector.

2.4 Double Spectator Pole Studies of the
6Li + 6Li -> 2 a + 2d

R.E. Warner, G.C. Ball, W.G. Davies, J.S. Forster and
B.A. Mason

A double spectator pole process is one in which two
two-cluster nuclei interact, with momentum being transferred
between only two of the four clusters. We previously studied
this effect in the 6Li + 6Li -> 2 a + 2d reaction by
coincidence detection of three of the four final nuclei; two
of transferred momentum and emerged near 90° cm. and the
spectator deuteron from the incident 6Li projectile,
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detected at 0°. Detection of the latter particle is
;;(-:. :ratip. =,'<r.ce ir. removes a kinematic ainclgui. v •: however,
••y ? !<•• i •. ••«<•. < i • r . :,«••? *:r" 0 ° ' • c l e c - c c p ^ frc-.i t h e b £ - - n ..il=o

• c.';f.c'"e'l •.•-•;•%' o r the spectator d e u c e r o n s by m'j'1. c -.p\e

s.:.-.ti.:.-r; .:..; U; L^ r.a^u ..>:ec.' -..;* poor statistics' ac~:uruc; anc:
also •..r"-'?;r'.-..r'rnr:" -• r correcting the energy spectrum tor
absoi;L;?.L iusscs.

We have now repeated this experiment by detecting only
the two non-spectator particles which emerge near 90° c m .
Data were taken at bombarding energies from 36 to 47 MeV, at
geometries whicli permitted a—a, a-& and d-d quasi-elastic
scattering. Enhancements ^ere ooserved in two-dimensional
energy spectra; the displacements of these peaks with
variations in bombarding energy showed that they were caused
by the double spectator affect rather than a level in ̂ B e.
Data at otne;: geometries, where only one particle could be a
spectator, were also taken and should enable us to determine
the relative strengths of. single and double spectator pole
procesj'-'t. Auxiliary measurements showed that the
enhancements were not caused by excitation of both initial
fcLi nuclei to tha 2.18b MeV, 3 + state, followed by
sequential decay.

2.5 The Lifetime of the 1.04 MeV, 0 + Level in

T.K. Alexander, G.C. BaJ.i, w.rj. Davies, J.S. Forster,
I.V. Mitchell (Solid State Science Branch), J. Keinonen and
H.E. Mak. (Queen's University)

The experiment described in PR-P-125: 2.5; AECL-6956
to measure the lifetime of the 1.04 MeV level in 18p t,y
DSAM with the 3He(160,p)18F reaction has continued.
Mew ^He iifPlanted tart)«Ls of Ai and Au, as well as the Nb
target, were used to obtain greater sensitivity. Detailed p-T
coincident yield curves from B = 15 to 17 MeV were obtained
for ccch target... The shape of the yield curve is the same for
each target and shows a sharp peak at E = 15.96 MeV on top of
a more slowly varying yield. This interesting observation
means that the effective reaction energy is identical for each
target and redness the uncertainty in the lifetime
deterrainat ion.

The measured relative yields from each target are
consistent to +15% with the measured retained doses. The
widths of the sharp feature in the yield curves are also
consistent with those expected from known implant profiles.

A preliminary analysis of the different centroid
shifts for the 1.04 MeV gaujna-ray from the various targets
gives T = 2.0 + 0.7 fs. Additional uncertainties in density,

power and eii'jcuivo bombarding energy for each target
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increase the error to +0.9 fs. The present result is in
agreement with a recent measurement, T = 2.7+Q-6 fs, by
Keinonen et al. The excitation energy of the level is
measured to be 1041.45 ± 0.08 keV and agrees with the value
1041.55 + 0.08 keV given in Selove (Nucl. Phys. A300
(1978) 1).

The present value of the lifetime of the 1.04 MeV
level gives |M(M1)|2 = 14 +£2 w.u., the strongest Ml
transition known in light nuclei. The predicted circular
polarization Py(1.08 MeV) of the 1.08 •* 0 MeV 0~ -• 1

+ El
transition is related to the parity non-conserving matrix
element <VPNC> =<1.04(0 + ,l) | H P N C | 1.08(0~,0)> by
p = h H I T <VPNC> - 6-4 x 10"3 ev-i<v™c>
tor v (1.04 MeV) = 2 fs, T(1.08) = 27.5 ps and AE = 39 keV.
The experimental value Py = (-0.7+2.0) x 10~

3 (C.A.
Barnes, et al., Phys. Rev. Lett. ̂ 0 (1978) 840) does not yet
allow definite conclusions regarding neutral weak currents.

2.6 Enhanced Transient Field Measurement of the g-factors of High
Spin States Excited in J-SOpy, 170,274Yb Following
Coulomb Excitation with 350 MeV 86Kr Ions from the
Lawrence Berkeley Laboratory (LBL) SuperHILAC

H.R. Andrews, 0. Hausser, D. Ward with P. Taras (Universite de
Montreal), R.M. Diamond, C. Roulet, D. Fossan, K. Kluge,
M. Nieman and F.S. Stephens (LBL)

The transient field coulex data described previously
(PR-P-123: 2.8; AECL-6680) has been reanalyzed with the
non-linear velocity dependence described in the last progress
report (PR-P-125: 2.7; AECL-6956). The results have been
expressed in terms of the quadratic parameterization g(I) =
gp(l + al2) (PR-P-123: op cit). The results are shown in
Fig. 2.6.1 where at the top we show the g-factors implied by
the best fit to the precession data (centre panel) with the
quadratic parameterization. The dashed "error bars" reflect
the goodness of fit, statistical errors in the precessions,
uncertainties in the field calibration and in the thickness of
the iron layer in the target. The dashed horizontal line is
obtained when a = 0.

In the centre panels we show the experimental
precessions, the predicted values from the rotational model
(a = 0, dashed lines), and the best fit to the quadratic
parameterization. At the bottom we indicate the relative
sensitivity of our result to the g-factors of the various
states. In all three cases our sensitivity is centred on the
8+, 10+ and 12+ states.

The results in 16nDy are consistent with the
rotational model (a = 0) while the two Yb isotopes give
evidence for a reduction of the g-factors with increasing
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spin as expected from changes in neutron pairing caused by
corioiis anti-pairing and rotational alignment effects.
However, the fit for l70Yb is poor.

2.7 The Magnetization of Thin Gadolinium Foils

J.L. Gallant, P. Dmytrenko, 0. Hausser, M.L. Swanson (Solid
State Science Branch) and C.V. Stager (McMaster University;

Although gadolinium presents several advantages for
use as a ferromagnet in transient field experiments (see
PR-P-125: 2.11; AECL-6956), it is difficult to achieve
consistently high magnetization of the required thin foiJs
v2-5 mg/cm^). One of the difficulties arises from the
strongly temperature-dependent angle between magnetization and
crystallographic c-axis ('M5° at 77 K) . Rather large
polarizing fields B e x t are therefore necessary to twist
the magnetic moment (7.5 Bohr magneton per atom) into the
direction of B e x t. A second difficulty is related to the
fact that Gd is an excellent getter of residual gases at high
temperature. The chemical bonding of these gases in the thin
foil strongly reduces the magnetization (see curve A in
Fig.2.7.1).

We have investigated several annealing methods, and
analyzed twenty of the samples using the sensitive
magnetometer at McMaster University. Representative results
for the magnetization per atom versus polarizing field are
shown in Fig. 2.7.1. Consistently high magnetization could be
achieved by a simple procedure, in which the rolled foil is
heated in vacuo to 800°C for several minutes by passing an
electric current through it (curves B and C in Fig. 2.7.1).
For 14 foils prepared in this way, the average magnetization
was 6.2 yB/atom at T = 77 K and B e x t = 0.27 T, with the
maximum deviation being +6%. The deviations arise in part
from the uncertainty in the absolute Gd weight, especially in
the eight multi-layer foils investigated.

Fig. 2.7.1 also shows the magnetization of a single
crystal, with the polarizing field applied in the easy
direction of magnetization (curve D) and perpendicular to it
(curve E). Because of the demagnetization factor for the
thick sample (0.3 mm) the larger magnetization can only be
realized at rather high polarizing fields. The magnetization
of the single crystal drops by 19% between 0.26 T and 0.15 T,
whereas the transient field effect shows a corresponding drop
of (20 + 9)% (PR-P-125: 2.11; A£CL-6956). Our data
quantitatively demonstrate the (usually tacitly assumed)
correspondence between bulk magnetization and transient field
effect.
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2.8 Velocity-Dependence of the Transient Field for Tm and Gd
Recoils in Ferromagnetic Gadolinium

0. Hausser, H.R. Andrews, N. Rud, D. Ward, with P. Skensved
and J. Keinonen (Queen's University) and R. Nicole and
P. Taras (Universit§ de Montreal)

We have studied the velocity dependence of the
transient magnetic field in Gd by Coulomb exciting rotational
states in i-69<£m with beams of

 3^S and 63QU at a
variety of bombarding energies. The transient field effect
(e) was observed with two Ge(Li) detectors at 8y = 60° for a
total of 18 beam/target combinations. The results of e0 ,(the
effect in a point detector at 8y = 60° is shown in Fig. 2.8.1)
for eight of the calibration runs in which nearly all the Tm
recoils emerging from the Gd foil, stopped in the Pb backing
of the target. The recoil velocity regions sampled (hatched
areas) cover a range from 0 < v/c <_ 0.045. The data could be
well fitted by a new parameterization of the transient field,

B(v,Z) = aZ(v/vfl)exp(-gv/v0 ) 2.3.1
We find a(Gd at 6.2 jig/atom) = (27 + 1.5) T
and B(Gd) = (0.105 + 0.020) T. A reanalysis of our data for
Tm in Fe (PR-P-125: 2.7; AECL-6956) with the new velocity
dependence (eq. 2.8.1) yielded fitted values of
a(Fe) = 17.5 + 1.5 T, and 3(Fe) = 0.10 + 0.02. Apparently,
the velocity dependence of the transient field in both
ferromagnets is very similar. The ratio of the a-coefficients,
a(Gd)/a(Fe) = 1.54 +^ 0.15, indicates the importance of
combined molecular states of recoil and host atom that govern
the production of polarized single electrons in deep-lying
ns-shells of the recoil atom. In Table 2.8.1 we compare
characteristic parameters for 1 MeV/u Tm recoiling into Fe and
Gd.

The range of Tm recoils in a 5 mg/cm2 foil of Gd was
obtained by observing the onset of static field precessions in
the long-lived lower-lying states of Tm as the bombarding
energy of the 34g beam was lowered. We find that the
target thickness corresponds to the recoil range for
(45 +_ 4) MeV Tm. Using tabulated stopping powers of
Northcliffe and Schilling, and scaling them according to
experimental 4He stopping powers, we calculate a limiting
recoil energy of 46.5 MeV. The range measurement thus
supports the Z2 oscillation effect for heavy ion stopping
powers (about a 30% increase in dE/dx at E/A=0.1 MeV for Gd),
which is incorporated in our analysis of transient field
data.

We have reanalyzed our precession results
(PR-P-125: 2.7; AECL-6956) and those of Dybdal et al. (Nucl.
Instr. Meth. 170 (1980) 233) for Gd recoiling into thick Gd.
They are compared in Table 2.8.2 with calculations using the
new transient field expression (eq. 2.8.1). The agreement is
adequate within experimental errors ( IS mrad/p.,) . There is
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apparently no need to include a separate (Lindhard-Winther)
scattering contribution which would add 60 mrad/ujj to the
lowest-velocity datum.

TABLE 2.8.1

Transient Field Precession of 1 MeV/A l ^

Polarized electrons
(uB/atom)

density (g/cm3)

dE/dx at 1 MeV/A
(MeV cm2-mg~1)

B(v,Z) at 1 MeV/A
(T)

Precession (milliradians)

MeV/A A

Iron

2.23

7.86

51.5

4050

146

°'Tm in Gadolinium

Gadolinium

6.2 at 77 K

7.79

30.9

6060

376

TABLE 2.8.2

Transient Field Precessions for Gd Recoils in Thick Gd

v/c

68

64

45

18

9

.6

.2

3.04

2.95

2.47

1.59

1.12

*Calc

234

198

116

70

exp

234+22

235±9

174+16

133+15

91+18

Reference

a

b

a

a

a

a) K. Dybdal et al., Nucl. Instr. Meth. 170 (1980) 233.

b) PR-P-125: 2.11; AECL-6956, sligntly renormalized to take
into account the drop in g-factors for the 6 + states,
reported elsewhere.
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]69
Transient field precession effects for ' Tm recoiling into Gd of
various thicknesses. The hatched area indicates the velocity range
over which the field is effective. The quantity £ Q is proportional
to the precession angle.
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2.9 The g-Factors of Discrete High-Spin States in 1 5 6' 1 5 8 / 1 6 0Gd

0. Hausser, N. Rud, H.R. Andrews, D. Ward, with J. Keinonen,
P. Skensved (Queen's University) and R. Nicole and P. Taras
(Universite de Montreal)

We have Coulomb excited Gd isotopes in a single
crystal of Gd using beams of 125 MeV 34S and of 2 30 MeV
6 3cu. Transient field precession data were obtained for
156,158,160Gd and analyzed as described elsewhere (cf.
0. Hausser, et al., Nucl. Instr. Meth. 169̂  (1980) 539).
The precession results are shown in the middle panel of
Fig. 2.9.1, which is similar to Fig. 2.6.1, together with
calculations based on our recent transient field calibration
(see PR-P-126: 2.8; AECL-7055). The 34s data determine the
effective static field in Gd to be -26.2 ± 0.8 T, and also
show that the transient field integral for thick Gd is
estimated correctly. With the 63cu beam, states up to 1=12
are populated (see lower panel), and the precession angles
become sensitive to two upper panels). The solid lines
represent fits to the data assuming a quadratic spin depen-
dence of the g-factor, i.e. g (1) =go (1+ctl

2) . The fitted
values are

a(156Gd) = -(2.3 ± 1.3) x 1O~3,
a(158Gd) = -(2.1 ± 1.3) x 10-3, and
a(16 0cd) =-(0.9+1.5) x 10~3. The quoted errors include
contributions from uncertainties in the transient field
calibration (6%) , in the static field, and in the g-factor
of the 2+ states (0.38 ± 0.004, 0.36 ± 0.004, and 0.36 + 0.02,
respectively). Our results are in qualitative agreement
with a recent Strutinsky-type cranking calculation with
inclusion of pairing by Diebel et: al. (preprint) , who
predict a ̂ -0.003 for N=92 (corresponding to 156Gd) and a
nearly vanishing a at N=98.

2.10 Average g-Factors of Continuum States in the Backbenders
158Er and 130Ce

0. Hausser, N. Rud, H.R. Andrews, D. Ward, with J. Keinonen,
P. Skensved (Queen's University), R. Nicole and P. Taras
(Universite de Montreal)(University de Montreal)

Transient field precession effects can be analyzed
quantitatively, if the states of interest are populated
instantaneously by a direct reaction such as Coulomb
excitation. Unfortunately, the most dramatic changes in the
moments of inertia, and (supposedly) in the high-spin
g-factors at the respective band crossings, occur in neutron
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The g-factors obtained in multiple Coulomb excitation
of collective states in Gd (upper panel) with the

3671 A corresponding precession angles (middle) and level
population (lower).
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deficient nuclei. These nuclei are not amenable to Coulomb
excitation but can be populated copiously by (HI,xn)
reactions, and the gamma-decay usually proceeds through a
continuum of levels during the very short period of time
during which the transient field operates. One may,
nevertheless, hope that there is sufficient separation between
proton-aligned and neutron-aligned bands which to lead to an
imbalance in their population, and consequently to deviations
of the average g-fsctor from the common value (%0.35). In
fact, in one of the very first experiments of this type
(Skaali et al., Nucl. Phys. A238 (1975) 159) a very
substantial reduction in the average high-spin g-factor for
168Hf (g = 0.07 + 0.04) and 172Hf (g = 0.14 + 0.04)
was claimed.

We have selected for our measurements, two very strong
backbenders, 130ce and ^5%Er, in which nuclei the
ground bands are sharply crossed by a rotation-aligned
hj i/2-proton, and an ij^3/2~neutron hand,
respectively. In IS^Er a second upbend occurs at
I ^ 28 n, which is attributed to hj W2~protons. This
allows one to estimate the separation between proton- and
neutron-aligned bands at various spin values in 1-58^.

The transient field precessions were measured via the
discrete low-lying states by using two detectors at ey = 60°
to observe the gamma-ray singles spectra. The reactions
employed were i-OOMoj. 34S,4n) l3oCe at E = 120, 130
and 140 MeV, and 128 T e (34 S f 4 n )158 E r at E = ,130,
140 and 150 lleV. The magnetization of the Gd foils
(1.81 - 2.15 mg/cm^ thick), which followed the target, was
measured by Coulex of l69Tm in an additional layer, and by
the magnetometer at McMaster University (see PR-P-126: 2.7;
AECL-7055).

Several auxiliary measurements wera also performed.
At each bombarding energy the angular distributions of the
various gamma-rays were observed using Pb-backed targets. The
slopes, dW/d6/W, were then used to convert the observed yield
changes (e)into precession angles (4>). The gamma-ray
multiplicity for each discrete gamma ray was determined at all
three Lombard ing energies by observing a ratio of Ge(Li)
singles to [(Ge( Li) ] . [(7.5 cmx7.5 dm Nal (T*)] coincidence events.
Using the multiplicity information together with cross
sections for the 3n, 4n and 5n channels (in 158gr) f antj
the total fission cross section calculated by the Bass model,
we have constructed realistic initial spin distributions,
characterized by an average initial spin <IO>. The time
evolution of the spin distribution was then estimated in a
simplified model (transition energies are specified by the
rigid-body moment of inertia, E2 transition speeds by an
intrinsic quadrupole moment Qt,) to deduce the average
spin for precession, <!*>.
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The final precession results, corrected for a small
beam bending effect (1.8 mrad), are shown in Figs. 2.10.1 and
2.10.2 and in Table 2.10.1. Although <I(j)> is varied con-
siderably (a factor of three in 158Er, a factor of 2 in 130Ce)
the average precessions observed are the same within
statistical errors. The average g-factors in 130Ce are
about 15% larger, but again this difference is hardly signifi-
cant statistically. • Apparently the proton- and neutron-
aligned bands in the continuum are sampled in such a way that
the average g-factor remains close to ^ 0.3. This is
remarkable considering the strong structural differences
between the yrast states of !30ce and 158

Table 2.10.1

Nucleus

130Ce

158Er

Average Initial
Spin <IO>

1 3 ft
21 ft
29 ft

1 0 ft
21 ft
35 ft

Average Spin for
Precession/I,\

1 2 ft
1 8 ft
2 1 ft

9 ft
20 ft
28 ft

Precession
<j) mrad

23 ± 6
26 + 3
22 ± 5

19 + 4
21 ± 2
23 ± 3

At first sight our result appears to be glaringly at
variance with the strongly reduced g-factors observed by
Skaali et al. for l68,172Hf. The initial recoil energy in
their experiment was extremely low (̂7 MeV), a factor of two
lower than the lowest recoil energy used in their calibration
runs (̂ 15 MeV). In their analysis a pure Lindhard-Winther
field was assumed which gives a very small precession
contribution between 7 and 15 MeV, whereas the actual field
(see PR-P-126: 2.8; AECL-7055) yields a contribution that is
nearly equal to that between 0 and 7 MeV. The result of our
reanalysis is g(172Hf)=0.31+0.07 and g (168Hf)=Q.16±0.08. The
more accurate 172nf datum is now in agreement with our results,
whereas the -^^Hf datum is only 1.5 standard deviations low.

2.11 Preservation of Nuclear Alignment by Using a Quadrupole
Holding Field

0. Hausser, D. Ward, H.R. Andrews, T.K. Alexander and
M.L. Swanson (Solid State Science Branch)

It is well known that the application of a strong
magnetic field in the direction of orientation of a nuclear
spin system may dramatically lengthen the time over which the
nuclear spin polarization (or alignment) can be maintained.
Such a 'holding field1 is effective provided the magnetic
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Quadrupole De-orientation of Gd in Gd and Pb
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interaction is stronger than the interaction that causes
deorientation of the nuclear spins. We have extended the
concept of a holding field to static quadrupole interactions
by applying an axially symmetric electric field gradient in
the direction of the beam, and observing the time dependence
of the nuclear alignment of an isoraeric state. The 500 ns
isomer in ^^~^Gd served as the probe nucleus. Recoils from
the 124sn( 28gi,5n) -reaction were implanted into a very
thin Gd single crystal which allowed accurate angular
distribution measurements of delayed gamma rays to be made.
In Fiq. 2.11.1 the angular distribution coefficients (a2)
for several delayed gamma rays are shown (open circles). For
comparison, the result of a run with a Pb-backed target is
also shown (full circle). In the Pb host the spins deorient
rapidly whereas in the Gd host the alignment stays ess~..tially
the same from 0.1 - 0.8 ps (unfortunately the experiment was
not carried to longer times). The size of the anomaly for the
254 keV transition, observed in the determination of the spin
(I = 47/2 + 1) of the 510 ns isomer (see PR-P-125: 2.12;
AECL-6956) is also shown. The quadrupole holding field
appears to be effective even in such a high-spin state
(Eg ̂  I" 2), apparently because of the rather large
product of electric field gradient and nuclear quadrupole
moment, and because of the comparative weakness of deorienting
interactions.

2.12 Nuclear Fission Induced by Atomic Transitions of the Muon
in 235u and 238u

S.N. Kaplan and A. Mireshghi (Lawrence Berkeley Laboratory),
0. Hausser with S. Ahmad, G.A. Beer, J.A. Macdonald,
B.H. Olaniji and A. Olin (University of Victoria)

When a negative muon is captured into the atomic orbit
of a uranium nucleus it undergoes an atomic cascade,
ordinarily reaching the muonic K shell through radiative
transitions. Prompt nuclear excitation also occurs, arising
from non-radiative atomic transitions by some of the cascading
muons. Approximately 1% of the atomically captured muons
produce prompt fission by this process (S. Ahmad et al., Phys.
Lett. 9j2B (1980) 83) .

Teller and Weiss (Lawrence Livermore Laboratory
Report, UCRL-83616 (1979)) have recently pointed out that it
would be interesting to know the specific atomic transition,
or transitions, responsible for such prompt fissions, inasmuch
as absolute rates from particular transitions (i.e. 2p-ls,
3p-ls, 3d-ls) can give both quantitative measurement of
electro-magnetic coupling to the giant-dipole and
giant-quadrupole resonances and, if combined with careful
model calculations of the muon-perturbed fission barrier, may
permit improved determination of the barrier height, and
therefore also improved estimates of the likelihood of such
excitation populating the second well.
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At TRIUMF, we have measured the time correlation
between muon-induced fission (detected in a multiplate fission
chamber) and muonic X-rays (detected with three large,
12.5 cm xl5 cm long, Nal crystals). Preliminary analysis on the
238[j data shows that the prompt fissions are missing when
fissions are correlated with Ka X-rays; but all, or nearly
all, are present when correlated with L^ X-rays. These
preliminary results suggest, therefore, that it is the
electric-dipole interaction between the atomic muon and
238u that plays the major role in producing prompt
fission.

Further analysis is in progress.

2.13 Detection Efficiency for fission of a Multiplate
Avalanche Counter

J.W. Knowles, R.N. King and 0. Hausser

Two multiplate avalanche detectors, containing
n a tUF 4 and

 2 3 5UF 4, are being used at TRIUMF to
study muon-induced fission. The efficiency of the chambers
for detecting fission products is necessary for measurements
of absolute yields of prompt and delayed fission (see S. Ahmad
et al., Phys. Lett. 92B (1980) 83). We have used the direct
beam of 8.99 MeV Ni gamma rays from the NRU reactor to induce
(Y,f) events simultaneously in both the natUF4 chamber,
and in a proportional counter. The latter contains an
extremely thin (0.087 mg/cm2) natUF4 target, and has
unit detection efficiency. The efficiency for the
natUF4 chamber was found to be (78 + 4)%, where the
error arises largely from the low-energy part of the spectrum,
in which a small fraction (̂ 10%) of the fission distribution
is obscured by a-events. The efficiency of the 235up4
chamber had been previously determined to be (78 + 12)%, with
slow neutrons from the research reactor at Berkeley, in good
agreement with our result.

2.14 Search for Hg K-x-rays in Coincidence with Fission Fragments
Produced by 12c Bombardment of Tungsten

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

Fission lifetime data by the crystal-blocking
technique (J.U. Andersen et al., K. Dan. Vidensk. Selsk.
Mat.-Fys. Medd. jl() (1980) no.7) indicate a long-lived
component ( x > 10~l° s) in the fission decay of Hg
produced by 12C bombardment of W, at 87 MeV bombarding
energy. As the ntean lifetime for filling a K-vacancy is
~10~l* s it should be possible to observe K-X-rays in
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coincidence ^ith fission fragments. We have searched for such
X-rays using a larye area parallel plate avalanche detector
(PPAD) in coincidence v̂ ith an intrinsic Ge x-ray detector.
Singles X-ray syectci were recorded along with coincidence
X-rays and the time correlation between the PPAD and the x-ray
detector, on an event by event basis.

Hg K-X-rays were seen in the singles data, originating
most, probably from Hg(12cpXn) reactions. No clear peak
stands out in the coincidence data, although in the region of
the expected Kg peak from Hg, the photon intensity is
increased relative to the neighbouring region of the spectrum;
unfortunately, the amount of background in this region of the
spectrum is so largo from Compton scattered fission fragment
gamma rays, that the increased yield is not. statistically
significant.

Experimental improvements to reduce the background
radiation are underway.

2.15 Precision Mass Measurements with the QD3 Spectrometer

V.T. Koslowsky, J.C. Hardy, G.C. Ball, E.T.H. Clifford, W.G.
Davies, E. Hagberg, H. Sc time ing (Neutron and Solid Stave
Physics Branch), S. Shier, R.E. Azuma and P. Burchat
(University of Toronto)

To test our peak-matching technique for precisely
measuring differences of mass doublets (see PR-P-123: 2.19;
AECL-6680) we have determined the energy of the first excited
level of 32p by measuring the energy separation, of the
proton doublet formed with the reactions ^^Si{^Hefp)
32p (ground state) and 30Si(3He,o)32p*
(first excited state). Our value for the level energy is
77.96 ±0.19 keV in good agreement with the value 78.1 ± 0.1 keV
listed by Endt and Van der Leun (Nucl. Phys. A310, 1978) and
based on gamma ray measurements. The improvements
incorporated in this experiment were (see PB-P-125: 2.20:
AECL-6956)
(i) an NMR stabilized tandem analyzing magnet;
(ii) a high-voltage switch to cycle the target voltage

without cycling the high-voltage supply;
(lii) a position sensitive detector well-calibrated in the

immediate vicinity of the peak being matched.
We expect that statistical uncertainties in future mass-
difference experiments will become negligible as the QD3
spectrometer resolution is improved, and that uncertainties of
a few hundred electron volts will be routinely achieved; these
will primarily reflect systematic uncertainties.

Having demonstrated the accuracy of our techniques we
have now begun to work towards our qoal of determining
0+ -»• 0+beta decay end point energies (see PR-P-123: 2.19;
AECL-6680). We have made a preliminary measurement of the
difference in Q-values between the ^-^N(3He,t) •'•4O(g.s.) and
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the 26Mg(3He,t)26Al*(1.0577 MeV) reactions.
Our result is 84.24 ±0.23 keV. Because this experiment
utilizes compound targets, a thorough investigation of target
thickness effects must be completed before the result can be
considered final. This will be the main purpose of ou»r next
experiment.

2.16 A Precise PK/Pg+ Measurement at Z=55: The Decay of

130CS

J.C. Hardy, E. Hagberg and I.S. Towner (Theoretical Physics
Branch)

The experiments to test precisely the calculated
K-electron-capture to positron-decay ratio (PK/Pg+) for
^-30QS decay, which have been described in earlier reports
(PR-P-122: 2.10; AECL-6582 and PR-P-125: 2.16; AECL-6956),
have now been analyzed and papers written. The measured
ratio, PK/P3+ = 1.028 ± 0.022,was compared with
theoretical calculations (PR-P-126: 4.7; AECL-7055) and shown
not to disagree significantly. Previously measured
capture-to-positron ratios for medium-Z nuclei have shown
large deviations from theory, and led to the proposal that the
discrepancy increases smoothly with Z; the present results for
Z=54 refute that possibility. The half-life of l^O^s was
measured to be 29.21 ± 0.04 minutes.

2.17 Kinematic Shifts in g-delayed Particle Decays

E.T.H. Clifford, J.C. Hardy, H. Schmeing (Neutron and Solid
State Physics Branch), E. Hagberg, V.T. Koslowsky, H.C. Evans
(Queen's University) and R.E. Azuma, P. Burchat (University of
Toronto).

A value of the weak vector coupling constant, Cv,
can be obtained from a combination of two of our earlier
measurements on the decay of 20Na: the beta-neutrino
angular correlation measurement (PR-P-124: 2.11; AECL-6788)
and the measurement of the log ft value of the beta decay to
the analogue state (PR-P-125: 2.17; AECL-6956). A detailed
analysis of the latter measurement, however, indicated that as
much as 5% of the beam from the isotope separator was lost
from our collector by back scattering. A substantial fraction
of that scattered beam ends up on the surface of the
a-detector, thus destroying our carefully calibrated source
geometry.

We have now completed a second experiment in which
this difficulty was obviated by collecting the 20jqa beam
on a graphite disc instead of on a chromium disc. This
results in a negligible amount of backscattering. Both
collectors were used in this experiment and it was verified
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that the amount of backscattering roughly followed theoretical
expectations.

As a further improvement, the energy dependence of the
Ge(Li) detector efficiency was more carefully determined in
this run through the use of a source of 82Br ±n addition
to the standard sources used in the previous experiment-
Analysis of the data obtained during the second experiment, is
in progress.

Further investigations v/ere also made of the target
chamber used in the B-v angular correlation experiment, in
order to examine the effects of scattering, but in this case it
is scattering of the decay positrons. In th3 absence of
scattering, all particles reaching the beta-telescope n.-̂ t
have passed through the active collimator. Because of
scattering, however, positrons can reach the telescope via
more complicated paths and our tests show that (16.5 ± 0.1)%
and (14.0 ± 0.4)% of the events at 45° (between the a and 3
detectors) and 90° respectively are of this type. We have
shown that 96% of the scattered positrons can be removed by
the introduction of a cylindrical aluminum collimator placed
between the active collimator and the g-telescope. In future
experiments such a collimator will be used with each
telescope.

A computer program for analyzing the 8-v correlation
measurements has been developed.

2.18 Average Excited State Lifetimes in 99^g ancj 115j

J.C. Hardy and E. Hagberg

Recent PXCT (particle X-ray coincidence technique)
lifetime measurements in 73j3r (PR-P-125: 2.18; AECL-6956)
have indicated that average y-ray widths are up to a factor of
4 greater than would be predicted (e.g. A.G.W. Cameron, Can.
J. Phys. _3_5 (1957) 666; see also Bartholomew et al., Adv. in
Nucl. Phys. _1 (197 3) 229) from neutron resonance work on
nuclei nearer stability. This departure from expectation has
led us to study two more nuclei accessible to PXCT
measurements in order to see if such discrepancies are
widespread.

The experiments were performed at CERN (in
collaboration with P " Hansen, B. Jonson, S. Mattsson and D.
Schardt) and involves che production of 99cd
(ti=16s) and 1 1 5Xe (ti=18s) at the ISOLDE
isotope separator. The former isotope decays to states

99between 4 and 6 MeV in 99/̂ g While the latter populates
states in H5i between 4 and 8 MeV, and it is these
states whose average lifetimes we have measured with the
PXCT.
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Analysis is still in progress, but preliminary results
for 1 1 5I indicate that the Ty values are indeed higher
than earlier expectations, and probably consistent with our
observations for 73

2.19 Ion Source Development for the On-Line Isotope Separator

H. Schmeing (Neutron and Solid State Physics Branch), J.S.
Wills, I. Blevis (University of Toronto) and J.C. Hardy

The FEBIAD ion source is at this time the only on-line
source used at the isotope separator. It had been originally
selected, despite its complicated design, because of its
reputation for versatility and stable operation even with low
gas load. In one year of on-line operation this source has
proven itself an excellent first choice. We have produced a
wide variety of beams and had many days of smooth running.

The development of other ion sources, aimed at
producing different beams, faster release times and higher
yields, has been somewhat delayed by the success of the FEBIAD
source. The two sources designated now for immediate
development are the He-jet-skimmer system (PR-P-121: 2.20:
AECL-6530) and a very high temperature thermal ionization
source. Of these, the incorporation of the He-jet-skimmer
into an on-line source has reached the stage of detailed
design. Machining of the first parts is scheduled to begin
within weeks and the first on-line tests are expected later
this fall.

A serious problem with He-jet sources is avoiding
electrical breakdowns between tne skimmer chamber (at
approximately 40 kV) and the Roots blower (at ground
potential) used to pump it. Without precautions, gas
discharge breakdown is inevitable, since the operating
pressure is typically between 1 and 10 Pa. Based on published
Paschen curves for helium, we have designed a flash arrester
consisting of pairs of high transmission grids separated by
drift spaces. The pairs of grids are closely spaced (5 mm)
and have a large diameter (11 cm), thus providing high pumping
speed and a large electric field gradient. We expect to step
down 40 kV by using only 2 to 4 grid pairs. The machining of
the first full scale test step has begun.

2.20 Isotope Separator Operation

H. Schmeing (Neutron and Solid State Physics Branch), J.C.
Hardy, W.L. Perry and J.S. Wills, E.T.H. Clifford, E. Hagberg,
V. Koslowsky, H.G. Evans and G.T. Ewan (Queen's University)
and R.E. Azuma (University of Toronto)

The isotope separator was used during this period for
two on-line runs of five days each to measure exact branching
ratios and ft-values in 20^a/ an(3 to study various
reaction and ion-source yields. The instrument was available
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throughout this time, with two short shutdowns for entrance
window replacement. The operating voltage was 40 kV, and no
sparks were observed.

During the second run the lineshape of a radioactive
beam was measured in detail for the first time. Such a
measurement allows an estimate of the amount of cross
contamination between adjacent masses, whereas for stable
beams it is not possible to determine the origin and
magnitude of a background component. The radioactive beams
chosen were 2uNa because of its prolific production;
104 alphas from 20Na per minute can be observed at
the end of the beam transport line. The measurement showed
that the radioactive beam (produced in the surface ionization
""ode of the source) has a profile almost identical to '. at of
a stable beam (produced in the plasma mode). At ±0.2 u from
the centroid of mass 20, the beam intensity is reduced by 3.5
x 1Q5, and the relative intensity of mass 20 contaminated
at the mass 19 position was smaller than we could measu~3 -
certainly less than 10~6. This demonstrates the
excellent enhancement achievable with an inhomogeneous
separator magnet.

In additional off-line tests, it w<ns determined that
the FEBIAD source with the usual 1 mm exit hole is capable of
producing a resolution of R = ̂fe = 3500 for 132xe
(where AM is the full width at naif maximum) if it is operated
in the direct mode (reduced current, enhanced resolution),
versus a resolution of about 1000 in normal mode. To
determine the ultimate useful resolving power of this source,
an exit hole of 0.2 mm was installed. In this configuration
the CO-N2 doublet was easily resolved. The resolution at
mass 28 was determined to be 6000.

2.21 Isotope Separator Target Tests

E. Hagberg, J.C. Hardy, H. Schmeing (Neutron and Solid State
Physics Branch), J. Wills, W.L. Perry, V. Koslowsky, E.T.H.
Clifford, S. Shier and H.C. Evans (Queen's University)

The production rates and corresponding separator
efficiencies of neutron-deficient isotopes in the mass region
of 60-70 u have been investigated. There was evidence for the
production of a new nuclide '^Br, with a measured
half-life of 17 s, as well as a new isomeric state in
72[3r. We also observed an appreciable production rate of
118 ms 62Ga, the shortest-lived activity produced so far
with the on-line isotope separator. The main findings of the
target test are presented in Table 2.21.1.
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Observed

Nuclide
Observed

58
Cu

59
Cu

60^
Cu

61Cu

60Zn

61Zn
62

Zn
63
Zn

62
Ga

63
Ga

Ga
65^
Ga

Ge
66,,
Ge

67
Ge

68
As

69A3

70Se

71Se

7lBr

72Br

Table

Production Rates and

3.2 s

81 s

23 m

3.3 h

2.4 m

90 s

9.1 h

38 m

118 ms

32 s

64 s

15 m

31 s

2.3h

5 m

2.7 m

15 m

39 m

4.9 m

17 s

1.2 m

Tandem
Beam

24
. Mg

28
Si

28si

28si

28si
28 .

Si
28,,.Si
28...Si

28
Si

28si

28si

28si

32s
32s
32
S

32
S

32s

35ci

35ci

35ci

35ci

Target

40
Ca

40
Ca

40Ca

40Ca

40Ca

40Ca

40Ca
40^
Ca

40
Ca

40Ca

40Ca

40Ca

40Ca
40,,Ca
40
Ca

40
Ca

40Ca

40Ca

40Ca

40Ca

40Ca

2.21.1

Isotope Separator

Production Rate
(atoms/s)

25
3

3.10

5.103

5.103

250

5.5-103

5.5-104

2.9-104

60

6.103

4.104

5.1C4

100

5.5-103

3
1.6-10

300

200

40

80

200

3.103

Efficiencies

a)
Efficiency

(%)

1

2

1.5

1.5

0.7

1.2

35

4

0.1

3

30

30

0.1

2

0.4

0.3

0.2

0.03

0.03

2

10

a)
estimate from a comparison with calculated production rates
obtained with the ALICE computer code
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Some other ion source characteristics investigated
during this run were:

i) the release of radioactive products from two
different types of graphite catchers. Catchers
made of low-density reactor-grade graphite were
found to give higher yields than our standard
high density, high-purity graphite

ii) the yield of radioactive nuclides measured relative
to the yield of stable 132xe under various ion
source conditions. The ratio between the two
yields was found to be constant, independent of
the ion source parameters. Optimization of the
source for 132xe, which is always present in o^t
support gas, thus also results in optimum conditions
for the radioactive beams

iii) the temperature dependence of the release times of
shortlived radioactive products from the catcher.
Higher temperatures were found to give slightly
shorter release times but the overall gain in yields
was minimal since the ionization efficiency of the
source is not optimized at high temperatures.

iv) the performance with a different support gas. So
far we have not been able to obtain beams of
radioactive Ar or Kr nuclides. One possible
explanation for this fact is that Ar and Kr ions
might be neutralized in charge-exchange collisions
with Xe atoms from the support gas. If so, such
processes could be avoided by using a different
support gas with a much higher ionization potential
than either Ar or Kr. A brief test with Ne as Ar
or Kr but otherwise the source performance was
identical to that with Xe support gas.

2.22 Radioisotope Dating with the MP Tandem Accelerator

H.R. Andrews, G.C. Ball, W.G. Davies and J.C.D. Milton, with
R.M. Brown (Environmental Research Branch), and Y. Imahori
(NRX Reactor Branch)

A five day run was completed at the end of May. The
system was as described previously (PR-P-124: 2.22; AECL-6687)
except for the new analyzing magnet NMR control (PR-P-125:
2.30; AECL-6956). The latter worked extremely well and the
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overall system stability was significantly improved. Some
small vertical instabilities were observed that could not be
diagnosed during the run. After the run it was found that the
electrical connection to one of the Wien filter deflector plates
had broken so that it was operating with a reduced field
gradient. This resulted in a small l^C contamination of the
particle spectra. In future, a beam profile monitor will be
mounted immediately after the velocity filter to permit accurate
setting of the beam transport system, and vertical stabilization
of the stable isotope beam if necessary.

Most of the data were taken to test the stability and
reproducibility of the system. The short term stability was
measured by dividing a four hour run on an enriched -^C
sample into 8 equal parts each with negligible counting error.
The standard deviation of a single measurement of the
•^C/l^C ratio was 3.7% and the standard deviation of the
mean 1.3%. The long term stability/reproducibility is
shown in Table 2.22.1. It is about 40% worse (5.2%) reflec-
ting systematic errors such as source repositioning and
other resettability factors. The table also shows that
without a small but unkown correction for differing charge
state distributions with mass, the measured ratio of 14c/12c
for the NBS oxalic acid standard agrees with the accepted
value within 5%. This level of agreement is gratifying,
although it is not essential since our measurements are
made relative to the standard.

In Table 2.22.2 we present some other results. The
average background level is about one half that reported
previously — about 0.5% vs. 0.9% of NBS oxalic acid
(PR-P-125: 2.25; AECL-6956), corresponding to an age of 44000
± 2400 years. This level was reached in an ion source that
had been run for many hours with an irradiated graphite sample
having a 14C content about 25 times that of contemporary
carbon. The origins of background are, however, not known. The
results of the quantitative dilution test are excellent and the
average of three independent measurements of the well water
sample are in good agreement with the radiometric result.
However, in the Pebble Creek water sample we find about a factor
of 2 more ^-^C than the radiometric result. This could
represent contamination of the material after the aliquot for
radiometric analysis was removed.
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TABLE 2.22.1

LONG TERM REPRODUCIBILITY (4-5 DAYS)

Irr. Graphite NBS Oxalic Acid

Run # 1 4 C / 1 3 C Run # 1 4C/ 1 3C
(arbitrary units) (arbitrary units)

3 4.08 . 5 0.161 (7)
4 '.3.7O 12 , 0.142. (3)

10 3.93 14 0.154 (3)
IP 3.66 ' 17 0.143 (5)

19 0.142 (4)
Mean 3.84 23 0.135 (7)
SD 0 . 2 0 (5.2%) 26 0.163 (9)
SDM 0 . 1 0 (2.6%) Wt Mean 0 .147 + 0 . 0 0 3 (2.0%>

Xjj = 3 .4

Absolute Ratio C/ C Oxalic Acid (1.17 x 0.03) x 10" 1

Accepted Value 1.23 x 1 0 ~ 1 2

(Data uncorrected for charge state distributions)

***********

TABLE 2.22.2

BACKGROUND RUNS

Run # Sample 1 4 C / 3C (Oxalic Acid = 0.147)

8 Dry Ice 0.0018 (6)

9 " 0.0008 (2)
13 " 0.0005 (2)
21 Graphite 0.0014 (4)
24 " 0.0003 (3)

Wt Ave 0.0007 + 0.0002
x^ = 2.4

QUANTITATIVE DILUTIONS OF ATMOSPHERIC CO ? WITH DRY ICE CO?

Assumed . Found

26.3% (26.7 + 1.5)%
6.57% ( 7.04 ± 0.56)%
0.52% ( 0.57 ± 0.10)%

WELL WATER

Radiometric Age Accelerator Ages

24160 ± 420 years 25550 ± 1490 years a )

23120 ± 1075 " "
22193 + 1270 i'

Wt Ave 23388 + 888 "
x^ = 1.5

PEBBLE CREEK

Radiometric Age Accelerator Age

34570 + J440 years 27310 ± 1420 years

a) Data from earlier experiments
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The system is now capable of useful measurements of
hydrological and other samples and future experiments will be
directed in this direction with continuing efforts toward
further improvements in system stability, ion source
performance and system background.

2.23 Progress on the Injection Line for the Chalk River
Superconducting Cyclotron

W.G. Davies and A.R. Rutledge

Optimization of the solutions for C, Br and I ions is
continuing with the effects of the stripper foil and RF system
included (see PR-P-125: 2.26; AECL-6956). This is necessary
to ensure that the hardware configuration can accommodate the
full range of ion species and energies. Some difficulties
have been encountered in obtaining good solutions for the
orbits through the injection channel of the cyclotron.

Considerable effort has been put into how best to make
use of the beam scanners and other diagnostic elements in the
injection system, and much more remains to be done here.

Design work has begun by Instrument AB, Scanditronix
on the quadrupoles and the two most difficult dipoles BI5 and
BI6. This has resulted in minor changes to the hardware
configuration. Calculations with the magnetostatic code TRIM
are underway to study the details of the pole, yoke, coil and
clamp designs of BI5 and BI6 because the geometry of these
dipoles is constrained by the available space. Preliminary
results look very promising.

More detailed calculations are also underway to
predict the beam properties of the heavier ions as they exit
from the tandem. The realization that a better analysis was
necessary was indicated by the detailed mechanical layout
being done by K.J. Brown (Design and Technical Services
Branch). This work has exposed a number of problems, mostly
associated with equipment placement. Solutions to these problems
seem to be fairly straightforward.

2.24 Motor Driven, Water Cooled, Adjustable Slit System

N.C. Bray, T.K. Alexander

An improved adjustable slit assembly for the MP Tandem
beam transport system has been designed and the prototype
model is 7 5% complete. The new assembly is suitable for use
in the injection line to the superconducting cyclotron. The
unit, which comprises both X and Y axis slits, may be used in
the alignment cone support structures presently in use in the
beam transport system. The total insertion length in the
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beam line for one X-Y unit is only 80 mm, a feature of importance
to the injection line design.

The slits are controlled by four stepping motors,
giving the capability of independent control over each shutter
or, when geared together in pairs, locked-in shutter control
symmetrical about the beam axis. Manual positioning knobs and
visual indicator scales allow local operation of the shutters.
Either mode operates a potentiometer for remote sensing of
position. Maximum slit width is 30 mm, adjustable to an accuracy
of 0.02 mm. Maximum beam power dissipation is 600 watts.

The unit is so constructed that configurations of
single X or Y, X-X or Y-Y and X-Y axis are possible without
modification of the basic components. Since each half slit is
separate and modular, it can be removed for maintenance
without removing the whole base unit from the beam line. The
design ensures alignment to the base unit and beam axis when
the component is re-inserted.

2.25 CAMAC Modules for the SCC Control System

R.B. Walker, J.B. Jones, L.D.J. Hansen (Mathematics and
Computation Branch), R.L. Graham, N.B. Pham and
B.F. Greiner (NRX Reactor Branch)

In addition to the test modules already built
(PR-P-125: 2.29; AECL-6956) a third Input Gate Output
Register (IGOR) test module has been built and tested.
It will be modified to be compatible with the revised
design of the IGOR CAMAC module that has been specified
for interfacing the power supplies for the beam transport
elements (cf. PR-P-125: 2.28; AECL-6956). The corresponding
IGOR test program has been modified to meet the revised
specifications.

The design of the Status Pulse Out (SPO) test
module has been changed such that the voltage outputs of
the SPO can be verified by the SPO test program. A more
comprehensive test program has been written that incorporates,
amongst other features, a user interface common to all
test programs.
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The model 2232 LeCroy, 32 channel scanning ADC, having
12 bit resolution, has been selected as the CAMAC module which
will be used for monitoring analog signals in the range 0 to +10
V or -5 to +5 V. In certain applications, such as monitoring
trim-rod positions, somewhat higher resolution is required. At
the moment, no CAMAC ADC modules are available with higher than
12 bit resolution. Preliminary tests on the LeCroy module
indicate that a 14.bit scanning ADC module is feasible and is
perhaps suitable for local development.

2.26 Target Preparation Laboratory

J.L. Gallant and P. Dmytrenko

In addition to normal target preparation for tandem
experiments, development work was done on the annealing of the
ferromagnetic material used in transient field experiments.
The annealing of iron is rather simple* as it requires heating
thin iron foils at 900°C in a hydrogen atmosphere. However,
gadolinium being an effective "getter", cannot be annealed by
this procedure because at high temperatures the degassing of the
walls of the vacuum system will destroy the foils. A simple way
of circumventing the problem is to use the foils as a filament in
a vacuum system. Only the gadolinium is heated, therefore
eliminating the degassing problem. These foils were analyzed for
their magnetic properties at McMaster University (PR-P-126: 2.7;
AECL-7055).

Several targets were prepared for transient field
experiments performed on the SuperHILAC at Berkeley. One
typical reaction was 24Mg(136Xe,4n)156Dy at 540-
650 MeV. These targets again consisted of multilayer
(annealed iron) and a beam stopping layer, all in intimate
contact.

Work done for other branches

The platinum deposition on titanium collector plates used
in the General Electric Solid State electrolysis cell proved to
be beneficial. A series of these plates will be platinized
shortly. This work was done for the General Chemistry Branch.
Several laser optical, flats and mirrors were gold coated for the
same Branch.

Marketing of Baggy (relaxed) foils

A quantity of mounted stripper foils is being prepared
and packed in special containers. These foils will be shipped
from Ottawa to Vancouver and back, to test the reliability of
the container and the survival rate of the foils. This work
is done in cooperation with the Commercial Operations Branch,
CRNL.
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2.27 Tandem Electronics

J.P.D. O'Dacre, E.C. Waito and J.S. Barsczewski

Fibre optic control has been extended to the UNIS over
temperature and cooling water controls in the ion source.
This increases to 18 the number of these channels used
routinely in the ion source. Over the past 12 months power
supply and fibre optic control failures in the ion source have
amounted to less than 1% of the downtime.

The high voltage linear amplifier intended as a Pockell
cell driver has reached an advanced stage of construction;
testing should begin within the next two weeks.

Modifications have been carried out on the nuclear
magnetic resonance (NMR) based analyzing magnet field
stabilization system to improve the signal-to-noise ratio at
the upper current levels. Installation and testing of the
wide range auto tracking now awaits a suitable "downtime"
period in the schedule.

2.28 MP Tandem Operation

J.C.D. Milton

Tandem availability was significantly better this
quarter than last, however at the very end of June, during a
routine shutdown, a broken glass insulator was found in one of
the upper column members. The member has been removed and sent
to High Voltage Engineering Corporation for repair.

During the quarter 13 experiments were run involving
CRNL and 19 visiting scientists. The visitors participated in
experiments occupying 94% of the experimental time and during
which they provided 4 2% of the effort.

Table 2.28.1

MP Tandem Availability April 1 to June 30

Hours

Beam available
Scheduled Shutdown
Unscheduled Shutdown

1587
304
293

72
13
13

. 7
. 9
. 4

100.0
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2.29 Standardization of 57Co and 51Cr

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

A chemically purified stock of $7co has been
standari;ed by the 4ir(PC)-Y coincidence method. Corrections
were applied for isotopic impurities ( 0.11% 56Co and
0.03% 5Fco) which were estimated by Ge(Li) spectrometry.
Samples of this 5?Co have been sent to the Bureau
International des Poids et Mesures (BIPM) for participation in
the international reference system. Sources for the
calibration of gamma-ray detectors have been prepared and
tested; more than twenty of these have been issued, mostly
within AECL. The standard error in the mean value for the
activity concentration of the solution was within ±0.03%. The
agreement between results obtained by using simultaneously two
separate sets of electronics was 0.01% (AECL-5562, 1979).
Experimental tests were undertaken to evaluate the magnitude
of sources of systematic uncertainty, such as dead time,
resolving time, and uncertainty in the half-life value. The
sum of these and the contribution from impurities was found to
be 0.11%, larger than the statistical uncertainty.

In order to comply with a request from BIPM to
participants in the international reference system, a
statistical uncertainty of one standard deviation was
reported, and estimates of systematic uncertainty at a
corresponding level of confidence were given, to the extent
that this was practicable. However, for the issue of
standards to be used for the calibration of gamma-ray
detectors, the more usual practice was followed, i.e. the
uncertainty given corresponded to a confidence level of > 99%.

Similarly, a stock of 5i-Cr has been standardized
and a sample sent to BIPM for registration. Because the
51Cr half-life is rather short (27.7 d) fewer test data
were accumulated, and it was not practicable to prepare a
large number of sources for use as standards for the
calibration of gamma-ray spectrometers. Here the standard
error was 0.05% and the two independent systems of
electronics gave agreement within 0.01%.

2.30 Instrumentation for 4 iry Ionization Chamber

L.V. Smith and J.S. Merritt

In order to accommodate the 4 T ionization chamber
(IC) in its new location in room 6 for use with the automatic
sample changer designed and constructed by the Counter
Development Section (PR-P-125: 3.25; AECL-6956), new cable
trays and grounding cables were installed, and some of the
associated instrumentation was modified. In particular, the
unit which controls the integration of the IC-current
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(AECL-2679, 1967) was equipped with new reed relays (type
HAMLIN MRG-15 with an insulation resistance of lÔ -5 ti ) and
an improved power supply.

Performance tests of this unit showed that the
accuracy of timing intervals was +1.0 ms, which gives a
negligible contribution to the random uncertainty for typical
counting intervals (30 to 600 s). with no radioactive sample
in the magazine the present shielding of the IC in its new
location was found to give a background equivalent to the
response of 14 nCi (500 Bq)6®Co, or lower by ^10% compared
with that obtained recently. Other background tests were
conducted with a 2-mCi (74 MBq) 60Co source inserted into two
different locations of the sample changer's magazine. We
concluded that the increase in background from this source in the
sample changer's magazine was (8.5 ±6.6)% for a confidence level
of 95%, which is consistent with the design specifications of 1
nCi (37 Bq) 60 C o equivalent (PR-P-125: 3.25; AE^L-6956).

Preliminary measurements with 226^f ^IQT, and
57Co indicate the new design gives improved
reproducibiiity upon re-insertion of a sample. Further tests
are underway.

2.31 Standards Issued

J.S. Merritt, L.V. Smith and K.M. Ophel

3H - Ontario Hydro - NPD Station (2)
35s - Biomedical Research
51cr - Environmental Research
51Cr - Health Physics
5"7 - CRNL Branches: Environmental Research,

General Chemistry, Health Physics, Neutron and
Solid State Physics, Nuclear Physics, Reactor
Control, R.&I.S., Solid State Science and System
Materials.
WNRE Branches: Analytical Chemistry and
Environmental Research
Commercial Products
University of Guelph

- Biomedical Research
- Environmental Research
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2.3 2 Miscellaneous Services

J.S. Merritt and K.M. Ophel

Sources prepared
2 2Na - Reactor Control Branch
24jNja - Nuclear Physics Branch
5 1 C r - Health Physics Branch
8 2 B r - Nuclear Physics Branch
8 5 S r - Health Physics and Solid State Science

Branches
1 5 2 E u _ Health Physics Branch

Two samples of sodium carbonate were irradiated in the NRU
reactor for Nuclear Physics Branch.

2.33 Calculation of the Ratio of K-Capture to Positron Emission

I.S. Towner and J.C. Hardy

See PR-P-126: 4.6; AECL-7055

2.34 Laser Magnetic Resonance

D.R. Smith, J.S. Geiger and J.D. Bonnett

See PR-CMa-53: 3.2.3; AECL-7055.

2.35 Parity Mixing in 21-Ne

E.D. Earle with A.B. McDonald (Nuclear Physics Branch), H.B.
Mak (Queen's University), K.A. Snover, R. von Lintig, E.G.
Adelberger, H.E. Swanson and T.A. Trainor (University of
Washington, Seattle) and C.A. Barnes (California Institute of
Technology, Pasadena)

See PR-P-126: 3.17; AECL-7055.

2.36 Accelerator Measurement of Carbon-14

R.M. Brown with H.R. Andrews, G.C. Ball, W.G. Davies and
J.C.D. Milton (Nuclear Physics Branch) and Y. Imahori (NRX
Reactor Branch)

See PR-HS-4: 3.14; AECL-7054
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2.38 Publications, Reports and Lectures
a) Publications

GAMMA-RAY LIFETIMES FOR PARITY DOUBLETS IN 4±Kr
 41CA

S.K. Sana, M.J. Maynard, B.C. Robertson, A.B. McDonald
and E.D. Earle
Physical Review C _21 (1980) 2322

BETA-DELAYED PROTON AND ALPHA EMISSION FROM
G.T. Ewan, E. Hagberg, J.C. Hardy, B. Jonson,
S. Mattsson and P. Tidemand-Petersson
Nuclear Physics A337 (1980) 189

FAR INFRARED LASER MAGNETIC RESONANCE SPECTROSCOPY OF
OD AT 118.8, 96.5 AND 215.4 urn
J.S. Geiger, D.R. Smith and J.D. Bonnett
Chemical Physics Letters 70,600 (1980)

QUADRUPOLE MOMENTS OF THE 12+ STATES IN
AND 200Pb
H.-E. Mahnke, T.K. Alexander, H.R. Andrews,
0. Hausser, P. Taras, D. Ward, E. Dafni, G.D. Sprouse
Physics Letters 88B (19 79) 48

APPLICATIONS OF TRANSIENT MAGNETIC FIELDS TO THE
MEASUREMENT OF g-FACTORS FOR SHORTLIVED NUCLEAR STATES
POPULATED BY MULTIPLE COULOMB EXCITATION
O. Hausser, D. Ward, H.R. Andrews, N- Rud, P. Skensved
and C. Broude
Nuclear Instruments and Methods 169 (1980)

LIFETIME MEASUREMENTS FOR HEAVY-ION INDUCED FISSION BY
THE CRYSTAL BLOCKING TECHNIQUE
J.U. Andersen, A.S. Jensen, K. Jorgensen,
E. Laegsgaard, K.O. Nielsen, J.S. Forster, I.V. Mitchell,
D. Ward, W.M. Gibson and J.J. Cuomo
Matt. Fys. Medd. Dan. Vid, Selsk. 40:7 (1980)

ON THE ORIGIN OF TRANSIENT MAGNETIC FIELDS
D. Dybdal, J.S. Forster and N. Rud
Nuclear Instruments and Methods 170 (1980) 233

QUADRUPOLE MOMENTS OF YRAST ISOMERS IN 144,147,148Gd
O. Hausser, T.K. Alexander, H.R. Andrews,
H.-E. Mahnke, J.F. Sharpey-Schafer, M.L. Swanson, P. Taras
and D. Ward
Appeared in the Conference Proceedings of the Tenth
International Conference on Band Structure and Nuclear
Dynamics, held at Tulane University, New Orleans, U.S.A.,
1980 February 28, 29 and March 1.
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EXPERIENCE WITH FOIL STRIPPERS IN THE CHALK RIVER MP
TANDEM ACCELERATOR
J.L. Gallant, D.J. Yaraskavitch/ N. Burn, A.B. McDonald,
H.R. Andrews
Appeared in Conference Proceedings of the World Conference
of the International Nuclear Target Development Society
sponsored by New England Nuclear, Boston, 1979 October 1-3.

THE DECAY OF 4 9Mn: FIRST RESULTS FROM THE CHALK RIVER
ON-LINE ISOTOPE SEPARATOR
J.C. Hardy, H. Schmeing, E. Hagberg, W.L. Perry, J.S. Wills,
E.T.H. Clifford, V. Koslowsky, I.S. Towner, J. Camplan,
B. Rosenbaum, R. Kirchner and H. Evans
Physics Letters 9IB (1980) 207

FISSION YIELDS AND LIFETIMES FOR MUON INDUCED FISSION
IN 235u and 238U
S. Ahmad, G.A. Beer, M.S. Dixit, J.A. Macdonald, G.R. Mason,
A. Olin, R.M. Pearce, 0. Hausser and S.N. Kaplan
Physics Letters 92B (1980) 83

PARITY VIOLATION IN NUCLEI: THE WEAK NUCLEON-NUCLEON
INTERACTIONS
AECL-6851
A.B. McDonald
A paper was presented at the 19 79 Cap Congress, University

of British Columbia, Vancouver, B.C. 1979 June 18-21

b) Reports

CRNL-2087
A MEASUREMENT OF THE THERMAL NEUTRON CAPTURE CROSS SECTION
OF TH-232
R.T. Jones, J.S. Merritt, A. Okazaki, L.V. Smith and
A.R. Rutledge
AECL-6692
DECAY DATA FOR RADIONUCLIDES USED FOR THE CALIBRATION OF
X- AND GAMMA-RAY SPECTROMETERS
A.R. Rutledge, L.V. Smith and J.S. Merritt

c) Lectures

ELECTROMAGNETIC PROPERTIES OF HIGH SPIN STATES
D. Ward
Paper presented at the International Conference on Nuclear
Behaviour at High Angular Momentum, Strasbourg, France,
1980 April 22-r24

PROGRESS IN ACCELERATOR-BASED RADIOISOTOPE DATING
H.R. Andrews
Invited talk given at the Canadian Association of Physicists
(CAP) Congress at McMaster University, Hamilton, Ontario,
1980 June 16-19
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FISSION YIELDS AND LIFETIMES FOR MUON INDUCED FISSION IN
235u AND 238u
S. Ahmad, G.A. Beer, G.R. Mason, A. Olin, R.M. Pearce,
J.A. MacDonald, M.S. Dixit, O. Hausser and S.N. Kaplan
Abstract submitted to the CAP Congress at McMaster
University, Hamilton, Ontario, 1980 June 16-19

THE STUDY OF NUCLEI FAR FROM g-STABILITY WITH ON-LINE
ISOTOPE SEPARATORS
J.C. Hardy
Seminar delivered at Michigan State University,
1980 April 17

SEARCH FOR PARITY NON-CONSERVATION IN 6Li
R.G.H. Robertson, A.B. McDonald, G.C. Ball, W.G. Davies,
E.D. Earle, P.L. Dyer, R.C. Melin and T.J. Bowles
Abstract submitted to the American Physical Society (APS)
Meeting, Washington, D.C., 1980 April 21-24

RECENT RESULTS FROM THE CHALK RIVER ON-LINE ISOTOPE
SEPARATOR
J.C. Hardy
Talk given at CERN, Geneva, Switzerland, 1980 June 06

g-FACTORS FOR VERY HIGH SPIN STATES
D. Ward
Talk given at the Nobel Symposium 1980 June 26

PARITY VIOLATION IN THE PHOTODISINTEGRATION OF DEUTERIUM
NEAR THRESHOLD
A.B. McDonald, E.D. Earle and J.W. Knowles
Abstract submitted to the 1980 International Conference
on Neutrino Physics and Astrophysics in Erice, Italy,
1980 June 23-28

1 47
LIFETIMES FOR VERY HIGH SPIN STATES IN Gd
D. Ward
Talk given at G.S.I., Darmstadt, 1980 July 2

NUCLEAR PARITY VIOLATION MEASUREMENTS AT CHALK RIVER
A.B. McDonald
Talk given at Institut Laue Langevin, Grenoble, France,
1980 June 20

NUCLEAR PARITY VIOLATION MEASUREMENTS AT CHALK RIVER
A.B. McDonald
Talk given at Oxford University, Oxford, England,
1980 July 02



- 48 -

NEUTRON AND SOLID STATE PHYSICS BRANCH

G. DOLLING

Staff

Phonons in Uranium Rocksalt-Structure Compounds

Phonons in SnSe2

Lattice Dynamics of CuQ Q2
Geo QO

Structure of Sulphur Hexafluoride at 80 K and 200 K

Structural Phase Transitions in K^PtBr,.

Y and UV-Damage of Uracil

Neutron Scattering Studies of Water of Hydration in
Live Plant Leaves

Magnon-Phonon Coupling in Actinide Rocksalt Compounds

Neutron Scattering in UPd,

Spin Waves in a Pd gc^e Oc Disordered Alloy

Single Crystal Filters for Neutron Beam Experiments

Kappa Diffractometer Control Program

Vacancy Formation Energy in 446 Stainless Steel
by Positron Annihilation

232Interpretation of Structure in the Th Photofission
Spectrum

An Improved Multi-Wire Counter Facility for Photofission
Measurements

Parity Mixing in 21Ne

N4 - External Thermal Neutron Facility

Production of 14 MeV Neutrons with Thermal Neutrons
on 6LiD

Catalogue of Prompt y~Rays from Thermal Neutron Capture
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3.27 Glassblowing and Miscellaneous Services

3.28 Machine Shop Services

3.29 Parity Forbidden Alpha Width of the 3.56 MeV State of 6Li

3.30 Parity Violation in the Photodisintegration of Deuterium

3.31 Detection Efficiency for Fission of a Multiplate
Avalanche Counter

3.32 Ion Source Development for the On-Line Isotope Separato.r

3.33 Isotope Separator Operation

3.34 Isotope Separator Target Tests

3.35 Precision Mass Measurement

3.36 Kinematic Shifts in ^-Delayed Particle Decays

3.37 Publications and Lectures
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3.1 Staff

SECTION I

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

BRANCH HEAD: G. Dolling

Technical Staff

SOLID STATE PHYSICS

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

Summer Staff

J.M. Wylie (3)

SECTION II

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

Earle
Lone

NEUTRON NUCLEAR PHYSICS

W.M. Inglis
R.N. King
W.F. Mills

R.A. Leavitt (4)

SECTION III

J.G.V. Taylor
H. Schmeing

GLASSBLOWING

J.G. Wesanko

DESIGN

W. McAlpin
J. Dunn ( 2)

COUNTER DEVELOPMENT

M.A. Gulick
L. Milani
W.F. Slater
R.J. Toone

S.P. Watkins (5)

WORKSHOPS

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

SECRETARIAL STAFF

D.M. Mitchell

(1) Postdoctoral Fellow from University of Edinburgh,
Scotland.

(2) Seconded from Design and Technical Service Branch.
(3) University of Guelph student; arrived May 1, 1980.
(4) Trent University student; arrived May 6, 1980.
(5) Queen's University student; arrived May 5, 1980.
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3.2 PhononB in Uranium Rocksalt-Structure Compounds

T.M. Holden, W.J.L. Buyers and A.F. Murray, with
J.A. Jackman (University of Guelph) and P. deV. duPlessis
(Rand Afrikaans University)

Measurements of the frequencies of phonons
propagating along high symmetry directions in US at 300 K
(PR-P-125:3.8, AECL-6956) have been continued. The low
frequency modes were examined at high resolution
(E1 = 2.6 and 3.2 THz). The derived elastic constants
differ from the ultrasonic measurements of P. deV. duPlessis
and D.L. Tillwick (J. Appl. Phys. 5£ (1979) 1834). An
upward curvature was observed at small wave vectors in the
TA [CCCJ mode. The dispersion relations for US and other
compounds have been fitted to simple force models. The
frequencies can be described as well by the simple rigid
ion model as by more complex shell models. The models do
not accurately describe either the TA [001,] mode near X, or
the optic modes. A comparison of the short range force
constants of six compounds is shown in the table.

Table 3.2.1
2

Short-Range Force Constants in UX Compounds (units e /2v)

The radial and tangential force constants are denoted by A and B with
the errors in the least significant digit given in parentheses.

Non magnetic

Antiferro-
magnetic
pnictides

Ferromagnetic
chalcogenides

UC

UN
UAs
USb

US
UTe

a(A)*

4.95

4.89
5.77
6.18

5.49
6.16

U-X

A

11.5(5)

12.6(7)
26.7(5)
21 (1)

23.5(6)
18 (9)

B

1.0(2)

2.0(4)
1.3(3)
5.6(6)

2.3(4)
7 (4)

U-U

*l

9.9(4)

9.1(6)
1.7(3)
0.1(9)

-0.4(4)
-3.3(4)

B

-0.2(2)

-0.4(3)
-0.4(3)
-1.7(8)

0.4(3)
-1.2(3)

X-X

A

-0.2(1)

-0.2(2)
2 (1)
4.9(8)

1.3(4)
0.7(6)

B

-0.2(1)

-0.2(1)
1.4(5)

-1.7(6)

-0.1(3)
-1.5(4)

X

0.9

5.3
0.6
1.5

2.1
1.2

The U-X force constant has the largest value for each
material. The results of this phonon analysis illustrate
how the ionic sizes determine the interactions. With in-
creasing atomic number in the pnictide series the dominant
second neighbour force changes from U-U to X-X, suggesting
increased charge transfer to the anion resulting in

* o
i A 0 . 1 nm
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increasing anion size. The U-X force is greatest when both
U-U and X-X forces are small and comparable as expected if
the U and X ions have roughly the same size. For the
chalcogenides the data is limited but the U-X force is
again largest when both U-U and X-X forces are small. The
strong U-U force in UN may provide indirect evidence for
an f-f overlap mechanism that can explain the anomalously
low magnetic moment of this compound.

3.3 Phonons in SnSeg

B.M. Powell with S. Jandl and J-Y Harbec (Universite de
Sherbrooke)

Measurements of the phonon frequencies propagating
along the [001] and [110] directions in the semiconducting
layer compound SnSe2 were continued (PR-P-110:3.6, AECL-5546)
Observation of the longitudinal and the transverse acoustic
branches along [110] were extended to the zone boundary (K),
and the experimental frequencies at K are: 3.40 ±0.05 and
1.70±0.05 THz respectively. These branches were outlined
beyond K to the point M(%5g0). Along the KM direction
several modes were observed with frequencies >3.5 THz, but
their connectivities cannot be assigned at present. Two
frequencies observed at T agree well with existing optical
measurements and branches connecting with these modes were
observed along [001]. At the zone boundary (A) these
branches have frequencies of 3.25 ±0.05 and 5.67 ±0.06 THz.
A simple lattice dynamical model is being developed to
interpret the results.

3.4 Lattice Dynamics of Cun Q OGe n nQ
• ' Vj • •/ £ " V •I/O

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

The results obtained in the previous quarter
(see PR-P-125:3.2, AECL-6956) have been partially analysed.
The new high-resolution measurements at low wave vectors
and T = 296 K give elastic constant values of C ^ = 1.831,
C^2 = 1.440 and C44 = 0.713 (units 1012 dyriVcm2) . The
observed widths at 100 K agree to within the estimated
uncertainties with the calculated resolution widths. At
T = 296 K, the observed widths are generally 10-15%
greater than the resolution widths and at T = 500 K they
are generally 30-50% greater. Much larger changes are,
however, observed for particular regions of certain
branches. For example, for the [00£]T branch the largest

* 1 dyn = 10 yN



increase in width occurs at a reduced wave vector ^ a 0 •
where the observed width at 500 K is 0.38 THz or l.£ tiir-.;s
the resolution width (0,21 THz). For the [Q0r,]L branch,,
the largest increase occurs at the zone boundary {x, = I. -
where the observed width at 500 K is 1.00 THz or 2.1 tiin •
the resolution width (0.48 THz).

3.5 Structure of Sulphur Hexafluoride at 80 K and 200 K

B.M. Powell, G. Dolling, J.C. Evans and H.F. Nieman

Sulphur hexafluoride condenses into an orientati i-
ally disordered ("plastic crystal") phase at 225 K, whic.
transforms into a more ordered crystal structure below SJ K.
Previous neutron diffraction studies (PR-P-112: 3. 3, AECL--...696)
concentrated on the plastic phase just above 95 K, leaving
undetermined the structure of the low temperature phase and
the molecular behaviour near the melting point. We have
successfully obtained a good quality powdered specimen of SFg
in the low temperature phase by condensing the gas into a
liquid nitrogen cooled vanadium cylinder and suitably
grinding and packing the flocculent solid at 80 K. Neutron
powder diffraction patterns were measured at this temperature
with the L3 spectrometer, operated in its two-axis mode
(no analyser crystal). The results have been sent to
G.S. Pawley at the University of Edinburgh for structure
analysis. The specimen was then warmed to 200 K and the
patterns re-measured. The expected Debye-Scherrer lines of
the bcc structure were superimposed on an intense oscillatory
background of diffuse scattering. This probably arises from
a combination of large amplitude librational and translational
motions of the SFg molecules. The positions of two broad
peaks correspond closely to the molecular dimensions,
S-F distance 1.565 A, F-F 2.213 A ; detailed calculations
of the peak shapes and intensities are in progress.

3.6 Structural Phase Transitions in K,,PtBr6

B.M. Powell and W.J.L. Buyers with R.L. Armstrong and
R.M. Morra (University of Toronto)

To investigate the nature of the structural phase
transitions in the antifluorite crystal I^PtBrg , powder
diffraction measurements have been made at the L3 spectro-
meter, at temperatures of 296 K, 160 K, 141 K and 120 K.
Analysis of these data by the profile refinement technique
is in progress.
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3.7 y and UV-Damage of Uracil

P. Martel and B.M. Powell

Neutron diffraction measurements on both y and
UV-irradiated samples of uracil are being analysed by the
Rietveld profile analysis procedure. With known structural
parameters it was found that the residuals for yirradiated
material (up to 10s rads 60Co Y~^ays) are no greater than
those of the unirradiated material. This implies that dry -
uracil is not significantly damaged by such y-irradiation.
In contrast, in an aqueous medium, equivalent y-irradiation
produces a tar-like substance. Preliminary analysis
indicates that a planar dimer may have been produced by
UV irradiation.

3.8 Neutron Scattering Studies of Water of Hydration in Live
Plant Leaves

P. Martel

Be filter measurements of rotational modes of
water have been carried out on live leaves of Ficus
elastica decora, Philodendron cordatum and Peperomia
obtusifolia. Hindrance of rotational motion should result
in shifts to higher frequencies and this is verified by
comparing scattering from water with that from ice and
cytosine monohydrate. Analysis of the plant data indicates
that the percentage of water bound as a three or four-fold
hydrogen bonded hydrate, ranges from zero to twenty five
percent in the various leaf types.

3.9 Magnon-Phohon Coupling in Actinide Rocksalt Compounds

A.F. Murray and W.J.L. Buyers

We believe that the atomic vibrations have an
important influence on the magnetic response of actinide
rocksalt compounds, in particular, UN (PR-P-124:3.11,
AECL-6788). The crystal field Hamiltonian may be written
as a 6um of spherical harmonics Y.JJ , with associated
coefficients BjJ . In preparation for a theory of the
magnon-phonon coupling in UX compounds, we have calculated
numerically the first, second and third spatial derivatives
of the B?J . Since the B™ are defined in terms of polar
coordinates, the spatial derivatives of interest in a
phonon calculation are complicated in form, and only the
first derivatives have been checked analytically. It is
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found that the dominant terms in a coupled magnon-phonon
Hamiltonian will be those linear in the phonon coordinates
and of order n = 2 (quadrupolar) in the magnetic coordinates,
For a typical atomic displacement of 0,0 3 A in UN (the
zero-point motion), the terms bilinear in the phonon
coordinates are at least an order of magnitude smaller,
and are again greatest for the quadrupolar magnetic
interaction.

3.10 Neutron Scattering in UPd,

A.F. Murray and W.J.L. Buyers

Further measurements of the (.5,0,TI) satellites in
UPd3 below 10 K have resolved the uncertainty, created
by the vagaries of a temperature sensor, in the temperature
of the associated phase transition (PR-P-125:3.11,
AECL-6956). The transition occurs at 6.5 ±0.1 K and
appears to be continuous. Above this temperature, there
is considerable critical scattering at the satellite
positions which persists at least to 12 K. The full
significance of this scattering is not yet clear, and we
do not yet have a good model for the structure below 6.5K.

The dispersion of the magnetic excitation at
~0.4 ± 0.1 THz ha6 been measured, and it appears that the
frequency is a minimum at the (,5,0,n) satellite positions.
The mode exhibits considerable intrinsic damping and
becomes overdamped at the satellite positions.

3.11 Spin Waves in a Pd QC-Fe nc Disordered Alloy

T.M. Holden with H.A. Mook (Oak Ridge National Laboratory)

Palladium-iron alloys have unique magnetic
properties since the iron magnetic moment induces ferro-
magnetic moments on the surrounding palladium atoms. At
small iron concentrations, however, the average moment
per atom and therefore the magnetic scattering cross
section is small compared with the competing nuclear cross
section. In such cases the only available technique for
identifying the magnetic scattering is by the use of
polarized neutrons. The experiments were carried out in
the pulsed polarization spectrometer (H.A. Mook and
C.C. Tsuei, Phys. Rev. B 16_ (1977) 2184) at the High Flux
Isotope Reactor, Oak Ridge, which employs a correlation
chopper and neutron time-of-flight to determine the energy
transfer.
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Well-defined spin-wave excitations were observed
in the three principal symmetry directions [00c;] , [££0]
and [???] up to a frequency of 3 THz and out to a wave
vector of 0.4 A~l (the zone boundary wave vector in the
[£C£] direction is 1.21 A~l) . To within the experimental
errors the dispersion relation was isotropic with a value
of 6pin-wave stiffness consistent with that obtained
previously by the small angle scattering method
(M.W. Stringfellow, J. Phys. C 1968, Ser. 2,^(1968) 1699).
As the frequency increases the intensity of the neutron
group decreases and it may be impossible to follow the
dispersion relation to the zone boundary. Calculations
of the instrumental resolution to correct the results for
the effects of vertical divergence and to permit estimates
of the line broadening are being carried out.

3.12 Single Crystal Filters for Neutron Beam Experiments

D.C. Tennant, H.F. Nieman and G. Dolling

Measurements were made of the effective absorption
coefficients, y, (see PR-P-124:3.15, AECL-6788) of several
new single crystals, using the E13 spectrometer at the
NRX reactor. Results obtained from a small cylindrical
sapphire crystal (AI2O3 , optical quality "super",
orientation (001) parallel to cylinder axis) at room
temperature and 80 K over the energy range of 0.029 to
0.163 eV were most promising, in that very little orienta-
tional tuning was required to minimize u for each neutron
energy. A specimen of the same quality and orientation,
large enough for use at the C5 triple axis spectrometer,
is now on order.

Examination of two small crystals of MgO showed
that substantial orientational tuning was required in both
cases. The search for better quality MgO is continuing.

3.13 Kappa Diffractometer Control Program

J.M. Wylie, G. Dolling, B.M. Powell and M.M. Potter

It is planned to instal a four-circle diffractometer
of the so-called "kappa geometry" type at the C5 triple axis
spectrometer. A single crystal specimen of unknown
orientation may be mounted on this device and a search made
for two non-collinear Bragg reflections, from which the
crystal orientation can be deduced and any other desired
orientation set up by suitable motor drives. Control
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programs to achieve these objectives are required for the
PDP-11/34 computer system soon to be installed at C5.
Subroutines have been written and tested on the CDC-6600
computer, to perform the necessary coordinate transformations,
searches for Bragg reflections, and orientation calculations.
Major work still to be done includes adaptation of the
program for the PDP-11 computer and overall coordination of
these subroutines with the existing program that controls
motor drives and neutron counting sequences.

3.14 Vacancy Formation Energy in 446 Stainless Steel by
Positron Annihilation

S.M. Kim

As part of a program to determine the structure
and composition dependence of vacancy formation energies
in stainless steels (s.s.), the positron annihilation peak
coincidence rate has been measured in the bcc 446 s.s.
(Fe23CrlSi) from 20cC to 1300°C. An S-shaped rise and
saturation caused by positron trapping at vacancies was
observed between 660°C and 1300°C. The peak rate remained
unchanged across the ferromagnetic to paramagnetic phase
transition at 650cC.

A least-squares analysis of the data yields the
monovacancy formation energy E^ of (1.47 ± .12) eV. This
value is very similar to those obtained in the bcc a-Fe
(E^ = 1.4 ± .1 eV) and the bcc 430 s.s. (E* = 1.39 ± .09 eV) ,
indicating that in stainless steels the vacancy formation
energy is strongly dependent on the crystallographic
structure and is rather insensitive to the alloy composition.

232
3.15 Interpretation of Structure in the Th Photofission

Spectrum
J.W. Knowles and W.F. Mills with T.E. Drake and B.O. Pich
(University of Toronto)

232
The photofission spectrum of Th (PR-P-125:3.15,

AECL-6956) obtained with a resolution of «12 keV shows,
in addition to three plateaus at 5.3 to 5.8, 5.9 to 6.1,
and 6.2 to 6.6 MeV, well-resolved peaks of comparable
intensity separated by =60 keV on the second plateau.
This plateau is well below the neutron separation energy,
6.4 MeV for ?32Th. Estimates of the probability of
transmission Tf (A.M. Khan and J.W. Knowles, Nucl. Phys. A
179 (1972) 333, AECL-4050) through the fission barrier,



- 58 -

from the photofission cros6-section measurements at
5.9 to 6.1 MeV, show that Tf = 1-2 * 10~2. Structure in
the (Y,f) spectrum below the fission threshold has been
explained by Strutinsky (Nucl. Phys. A 5̂_ (1967) 420)
by postulating a double humped fission barrier by adding
the single particle effects to the liquid drop contri-
bution of the nuclear potential energy. The resonance
structure is thought to be quasi-stable states in the
outer second-well of the potential. The observation of
isomeric fission states in nuclei, such as 240pu an(j
238y^ suggests that the depth of the second well is
2-3 MeV. However our recent measurements on 232iph c a n
be interpreted if we postulate a much shallower well,
6.1 - 5.9 = 0.2 MeV deep with a small radius of curvature
hu)3 = 0.06 MeV. (Here we postulate a parabolic shape
and the observed 60 keV separation of resonance peaks
gives hw3 directly; see B.C. Bhandari, Phys. Rev. C
(1980) to be published.) If future experiments on 232Th
confirm the presence of closely-spaced resonant structure
in the other plateau regions 5.3 to 5.8 and 6.2 to 6.5 MeV,
it will be strong evidence that fission takes place in
2 32fh following the penetration of a series of shallow
wells rather than of a single deep well.

3.16 An Improved Multi-Wire Counter Facility for Photofission
Measurements

J.W. Knowles and R.N. King

We have recently observed a large number of
resonances, not seen previously, in the photofission
spectrum of 2 32Th near the fission threshold between
5.3 and 6.7 MeV with a resolution of *12 keV
(PR-P-126:3.15, above). We are preparing to
measure this spectrum in more detail and to extend the
range of measurement below 5.3 MeV by using a fission
counter containing 40 g of ThC>2 as compared to the
6 g used previously. Since the target thickness in
the fission counter is limited to < 2 mg/cm2 the larger
target requires a 7-fold increase in the target area
and a 4-fold increase in the number of associated modular
50-wire counters described in J.C. Kim et al., Nucl. Instr.
and Meth. 121 (1974) 449. In order to add the pulses
from the modular counters (while maintaining the pulse-rise
time <8 ns, the minimum requirement of the coincidence
system of the bremsstrahlung monochromator: PR-P-109:3.11,
AECL-5508), we have designed and tested a simple buffer,
a low noise current amplifier, which is attached to the
output of each 50-wire counter. The output pulses of
3 to 4 buffers are then added and amplified further in a
charge-sensitive amplifier of conventional design.
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213.17 Parity Mixing in Ne

E.D. Earle with A.B. McDonald (Nuclear Physics Branch),
H.B. Mak (Queen's University), K.A. Snover, R. vonLintig,
E.G. Adelberger, H.E. Swanson and T.A. Trainor
(University of Washington, Seattle) and C.A. Barnes
(California Institute of Technology, Pasadena)

Installation of equipment on the LOTUS target
position for an extension of the measurement of parity
mixing in the 2.8 MeV doublet in 21Ne (PR-P-125:2.3,
AECL-6956) is almost complete. Two polarimeters have
been tested and installed, the heavy metal shielding has
been machined and the target assembly has been installed
ar. ": tested. The installation will be completed following
receipt of the two remaining magnet coils. Gain changes
in the Nal detectors caused by the reversing magnetic
fields have been reduced to less than 0.2% by means of
additional Co-Netic shielding.

Optically-coupled control circuitry for driving
the magnet power supply has been built at the University
of Seattle and is about to be tested with the new power
supply.

3.18 N4 - External Thermal Neutron Facility

M.A. Lone and W.M. Inglis

The new target tube and the beam dump (PR-P-125:3.20/
AECL-6956) have been installed. The Nal-Ge(Li) pair
spectrometer and the Total Energy Detector System have been
tested and are being placed at N4 for continuation of (n,y)
studies and non-destructive chemical assay with (n,y)
spectroscopy.

During this period the N4 facility was used for
neutron radiography (A.M. Ross and L.C. Berthiaume)
for comparison of the beam quality with
that at the NRX radiography facility. The Nal-Ge(Li)
pair spectrometer was used at the Cl - Compton spectrometer
facility at NRU for Pb(YfY') reaction studies.
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3.19 Production of 14 MeV Neutrons with Thermal Neutrons on LiD

M.A. Lone and W.M. Inglis with D.C. Santry (Solid State
Science Branch)

The efficiency of LiD for production of 14 MeV
neutrons from thermal neutron capture was investigated.
Irradiation of 6LiD with thermal neutrons produces 2.73 MeV
tritons in the primary reaction ^Li(n,t)4He (cross section
is 940 b, 1 b = 10~28 m 2 ) . Subsequent interactions of these
tritons with D and Li produce high energy neutrons.

The neutron yields measured and calculated
(M.A. Lone et al., Proceedings of Symposium on Neutron
Cross Sections from 10-50 MeV, National Nuclear Data Center,
Brookhaven National Laboratory (1980); and Nucl. Instr. and
Meth. (1980) in press) for ^Lit> and LiD converters are as
follows:

Calculated thick target fast neutron yields per 10° tritons

Target

6LiD

LiD

*Li
abundance

%

95.5

7.5

Relative

6Li

34

2

Contribution %

7Li D

6 60

66 32

Yield per

AllEn

283

531

106 triton

E n > 12 MeV

190

187

These results indicate that a LiD converter can be
used to produce an almost homogeneous flux of neutrons with
energies 12 to 18 MeV with an efficiency of 10~4 per
thermal neutron. Assuming a thermal neutron flux of
2 x 10*5 cm~2.g-l an<j allowing a factor of 2 for flux
depression, we calculate a fast neutron flux of about
10 11 cm~2-s~l, i.e. a neutron fluence of 3 x 10^^ Cm~2
over a period of one year.

3.20 Catalogue of Prompt y-Rays from Thermal Neutron Capture

R. Leavitt and M.A. Lone

A revision of the catalogue of prompt y~rays from
thermal neutron capture in natural elements from hydrogen
through bismuth (PR-P-122:3.11, AECL-6582) is in progress.
In this catalogue the transitions are arranged in ascending
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order of energy and each entry gives the branching ratio,
capture cross section, target element, and two additional
intense y-rays from that element.

The revised catalogue will contain the y-ray energy
and intensity calculated from a weighted average and will
update the previous compilation (G.A. Bartholomew et al.,
Nucl. Data Tables 3_ (1967) 367) . It will supplement the
catalogue of y-rays emitted from radionuclides (M.A. Wakat,
Nucl. Data Tables £ (1971) 445), for use in non-destructive-
chemical assay with the (n,y) technique. These catalogues
have been found extremely useful for identification of
trace impurities in targets used for (n,y) studies.

3.21 Reactor Beam-Hole Use

G. Dolling and H.F. Nieman

The McMaster University spectrometers were shut down
for the period, and the C2 fast-neutron chopper shutdown
continued. The Guelph University spectrometer operated for
40% of the period. Utilization at the other occupied
beam holes was as follows:

Beam Hole

Cl

C4

L3

N4

N5

No. of
Experiments

2

2

A

1

3

No. of
Participating

CRNL
scientists

1

1

5

1

3

No. of
Participating

non-CRNL
scientists

1

0

3

0

1

Efficiency
(% of available

reactor operating
time used for
experiments)

95

96

92

30

96

Total reactor operating time was 76 days.

Note: The C5 facility was shut down for this quarter to
enable installation of a new analysing spectrometer and
control system.
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3.22 Status of Equipment Construction

G. Dolling

After completion of all mechanical changes to the
C5 spectrometer at NRU, the main effort has been directed
towards commissioning the new spectrometer control system
based on a PDP-11/34 computer. The three most important
programs (for motor drives and neutron counting, for
constant-Q mode calculations, and for input and editing of
scan data) have been written and extensively tested.
Coordination of these programs and transfer of the entire
system to NRU are expected during the next quarter.

Preliminary designs for the proposed kappa
diffractometer (PR-P-126:3.13, AECL-7055) are complete,
and detailed design work is under way.

3.23 Semiconductor Detectors

R.J. Toone, W.F. Slater and J.G.V. Taylor

Failure of a commercial Ge (Li) detector system in
R&IS Branch was traced to moisture that condensed on the
preamplifier connector in humid weather. The affected
parts were surrounded by a plastic bag containing silica
gel and sealed with electrical tape.

A Si (Li) X-ray detector has been scanned with a
collimated 241^m source to determine its exact profile for
J. Simpson, University of Guelph. Calculations have been
made of the necessary corrections for energy-dependent
losses in the pulsed-optical-feedback preamplifier in this
system.

Work has started on a new high-purity Ge detector
for Reactor Control Branch.

3.24 Ion-Chamber Sample Changer

J.G.V. Taylor, W.F. Slater and M.A. Gulick

Full automation of the system still awaits delivery
of a control unit from EI&P Branch (PR-P-125:3.26, AECL-6596)
A defective shaft-angle encoder has been repaired by the
manufacturer. Meanwhile the system has undergone a series
of tests (PR-P-126:2.30, AECL-7055) and a few minor
modifications. Tasks remaining are the updating and
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have been made for NRX Reactor Branch (Van de Graaff
Operations). A 2.15 m water column was built for
Accelerator Physics Branch.

A block of barium ferrite was cut to size and
cored with the aid of a specially constructed jig for
Engineering Research Branch. Cylindrical infrared
mirrors were cut from glass tubing and front-surfaced
with evaporated gold for Instrument Development Branch.
A number of GaAs discs were prepared for Nuclear Physics
Branch (see PR-P-121:3. 20, AECL-6530).

3.2 8 Machine Shop Services

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

A prototype motor operated carriage was made in
Bldg. 459 machine shop for the controlled movement of the
scattering plates of the Compton Spectrometer. Special
tools were developed for the fabrication of hemispherical
copper plates for an Electrostatic Deflector.

About 60% of Bldg. 116 shop time was devoted to
Nuclear Physics Branch projects, principally a second
avalanche detector (see PR-P-122:2.17, AECL-6582) and a
new water-cooled slit assembly for the isotope separator.
Work for Section III included a linear vacuum drive for
the RF induction furnace and construction of jigs for
making larger sizes of copper-to-glass (Housekeeper)
seals.

3.29 Parity Forbidden Alpha Width of the 3.56 MeV State of 6Li

E.D. Earle et al.

See PR-P-126:2.2; AECL-7055.

3.30 Parity Violation in the Photodisintegration of Deuterium

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

See PR-P-126-.2.3; AECL-7055.
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3.31 Detection Efficiency for Fission of a Multiplate Avalanche
Counter

J.W. KnowleB and R.N. King with 0. Hausser (Nuclear Physics
Branch)

See PR-P-126:2.13; AECL-7055.

3.32 Ion Source Development for the On-Line Isotope Separator

H. Schmeing et al.

See PR-P-126:2.19; AECL-7055.

3.33 Ieotope Separator Operation

H. Schmeing et al.

See PR-P-126:2.20? AECL-7055.

3.34 Isotope Separator Target Tests

H. Schmeing et al.

See PR-P-126-.2.21; AECL-7055.

3.35 Precision Mass Measurement

H. Schmeing et al.

See PR-P-126:2.15; AECL-7055.

3.36 Kinematic Shifts in B-Delayed Particle Decays

H. Schmeing et al.

See PR-P-126:2.17; AECL-7055.

3.37 Publications and Lectures

Publications

A HIGH COMPRESSION CRYSTAL GROWTH SYSTEM
H.F. Nieman, A.A. Walton, B.M. Powell and G. Dolling
Atomic Energy of Canada Limited Report AECL-6777



- 67 -

NEUTRON DIFFUSE SCATTERING IN THE DISORDERED PHASE OF
M. More, J. Lefebvre, B. Hennion, B.M. Powell and C. Zeyen
J. Phys. C L3 (1980) 2833

NEUTRON-DIFFRACTION STUDY OF THE STATIC STRUCTURE FACTOR
AND PAIR CORRELATIONS IN LIQUID 4He
E.C. Sveneson, V.F. Sears, A.D.B. Woods and P. Martel
Phys. Rev. B 2JL (1980) 3638
Atomic Energy of Canada Limited publication AECL-6737

SPIN-WAVE RESPONSE IN THE ONE DIMENSIONAL ANISOTROPIC
ANTIFERROMAGNET CBC0CI3
W.J.L. Buyers, J. Yamanaka, S.E. Nagler and R.L. Armstrong
Solid State Commun. 33. (1980) 857
Atomic Energy of Canada Limited publication AECL-6765

NATURE OF THE 5f ELECTRONS IN URANIUM NITRIDE:
A PHOTOELECTRON SPECTROSCOPIC STUDY OF UN, U, UO2,
ThN, AND Th
P.R. Norton, R.L. Tapping, D.K. Creber and W.J.L. Buyers
Phys. Rev. 21_ (1980) 2572
Atomic Energy of Canada Limited publication AECL-6731

DISPERSION OF COLLECTIVE MAGNETIC EXCITONS IN A SINGLE
CRYSTAL OF THE ACTINIDE INTERMETALLIC UPd3
A.F. Murray and W.J.L. Buyers
in "Crystalline Electric Field and Structural Effects in
f-Electron Systems", edited by J.E. Crow, R.P. Guertin
and T.W. Mihalisin, Plenum Publishing Corporation (1980)
p. 257

A GENERAL METHOD FOR DETERMINING CRYSTAL FIELD EFFECTS
ON MAGNETIC IONS
A.F. Murray and W.J.L. Buyers
in "Crystalline Electric Field and Structural Effects in
f-Electron Systems'', edited by J.E. Crow, R.P. Guertin
and T.W. Mihalisin, Plenum Publishing Corporation (1980)
p. 505

ELECTRICAL RESISTIVITY IN Pr3Tl - AN INDUCED MOMENT
FERROMAGNET NEAR THRESHOLD
P. Bossard, J.E. Crow, T.W. Mihalisin and W.J.L. Buyers
in "Crystalline Electric Field and Structural Effects in
f-Electron Systems", edited by J.E. Crow, R.P. Guertin
and T.W. Mihalisin, Plenum Publishing Corporation (1980)
p. 407
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GAMMA-RAY LIFETIMES FOR PARITY DOUBLETS IN 41K, 41Ca
S.K. Saha, M.J. Maynard, B.C. Robertson, A.B. McDonald
and E.D. Earle
Phys. Rev. C 21. (1980) 2322

21 2
HIGH-SPIN STATES IN THE ODD-ODD NUCLEUS At
T.P. Sjoreen, U. Garg, D.B. Fossan, J.R. Beene,
T.K. Alexander, E.D. Earle, 0. Hausser and A.B. McDonald
Phys. Rev. C 20 (1379; 960

QUASI-FREE COLLISIONS OF 400 MeV PROTONS IN DEUTERIUM
AND CARBON
A.N. James, W.J. McDonald, J.M. Cameron, C.A. Miller,
D.A. Hutcheon, P. Kitching, G.C. Neilson, G.M. Stineon
and E.D. Earle
Nucl. Phys. A 324 (1979) 253

THE EFFICIENCY OF PILOT U SCINTILLATOR FOR NEUTRONS
IN THE ENERGY RANGE 55 MeV TO 225 MeV
W.J. McDonald, A. Anderson, L. Antonuk, W.K. Dawson,
D.A. Hutcheon, P. Kitching, C.A. Miller, D.M. Sheppard
and E.D. Earle
Nucl. Instr. and Meth. 166 (1979) 187

A HIGH RESOLUTION BREMSSTRAHLUNG MONOCHROMATOR FOR
PHOTO NUCLEAR MEASUREMENTS
J.W. Knowles, T.E. Drake, B. Pich and S. Yen
Proceedings of International Conference on Nuclear
Physics with Electromagnetic Interactions,
Mainz, Germany, June 5-9, 1979, Section 8, p. 6

Ml GIANT RESONANCE IN NUCLEI WITH 100 < A < 200
M.A. Lone and F.C. Khanna
Proceedings of International Conference on Nuclear
Physics with Electromagnetic Interactions,
Mainz, Germany, June 5-9, 1979, Section 1, p. 24

49
THE DECAY OF 3Mn: FIRST RESULTS FROM THE CHALK RIVER
ON-LINE ISOTOPE SEPARATOR
J.C. Hardy, H. Schmeing, E.G. Hagberg, W.L. Perry,
J.S. Wills, E.T.H. Clifford, V. Koslovsky, J.S. Towner,
J. Camplan, B. Rosenbaum, R. Kirchner and H. Evans
Phys. Lett. 91B (1980) 207
Atomic Energy of Canada Limited publication AECL-6768
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Lectures

SPIN AND PHONON EXCITATIONS IN ACTINIDE SYSTEMS
W.J.L. Buyers, A.F. Murray, T.M. Holden, E.C.. Svensson,
P. deV. DuPlessis, G.H. Lander and O. Vogt
International Symposium on the Physics of Actinides
and Related 4f Materials, Zurich, Switzerland
April 9-11, 1980

SPIN EXCITATIONS IN ONE DIMENSION AND IN FINITE CLUSTERS
W.J.L. Buyers
EIR, Wiirenlingen, Switzerland
April 14, 1980

SPIN AND PHONON EXCITATIONS IN ACTINIDE SYSTEMS
W.J.L. Buyers, A.F. Murray, T.M* Holden, E.C. Svensson,
P. deV. DuPlessis, G.H. Lander and O. Vogt
University of Cologne, Coldgne, West Germany
April 15, 1980

NUCLEAR POWER - IS IT SAFE AND IS IT NECESSARY?
G. Dolling
Kitchener-Waterloo Gyros Club
April 14, 1980
Also given at the Kitchener-Waterloo Optimists Club
April 15, 1980

RESEARCH INTO PHYSICS AND NUCLEAR ENERGY AT CHALK RIVER
G. Dolling
Forest Heights Collegiate Institute, Kitchener, Ontario
April 15, 1980

THE CONDENSATE FRACTION IN SUPERFLUID HELIUM
E.C. Svensson
Brookhaven National Laboratory, Upton, New York
April 24, 1980

DETERMINATION OF THE CONDENSATE FRACTION IN SUPERFLUID 4He
FROM NEUTRON-SCATTERING EXPERIMENTS
E.C. Svensson
APS Meeting, Washington, D.C.
April 28 - May 1, 1980
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SEARCH FOR PARITY NON-CONSERVATION IN 6Li
R.G.H. Robertson, A.B. McDonald, G.C. Ball, W.G. Davies,
E.D. Earle, P.L. Dyer, R.C. Melin and T.J. Bowles
APS Meeting, Washington, D.C.
April 28 - May 1, 1980

HIGH ENERGY NEUTRON SOURCES FOR CANCER THERAPY AND
FUSION RELATED PROGRAMS
M.A. Lone
University of Manitoba, Winnipeg, Manitoba
May 7, 1980

MEASUREMENTS OF NEUTRON SPECTRAL DISTRIBUTIONS FROM
WHITE NEUTRON SOURCES
M.A. Lone
University of Manitoba, Winnipeg, Manitoba
May 7, 1980

LOW ENERGY NEUTRON EMISSION FROM Be(d,n) AND Be(p,n)
REACTIONS
M.A. Lone and B.C. Robertson
Symposium on "Neutron Cross Sections from 10-50 MeV",
Brookhaven National Laboratory, Upton, New York
May 12-14, 1980

PRODUCTION OF 14 MeV NEUTRONS WITH THERMAL NEUTRONS ON 6LiD
M.A. Lone, D.C. Santry and W.M. Inglis
Symposium on "Neutron Cross Sections from 10-50 MeV",
Brookhaven National Laboratory, Upton, New York
May 12-1.4, 1980

HYDRATION IN BIOLOGICAL STRUCTURES
P. Martel
Joint Meeting of Biophysical Society and American Society
of Biological Chemists, New Orleans
June 2-5, 1980

The following talks were presented at the CAP Congress
at McMaster University, Hamilton, Ontario, June 16-19, 1980:

EXCITATIONS OF SMALL ISOLATED CLUSTERS OF MAGNETIC IONS
E.C. Svensson

EFFECT OF ORDERING ON MONO- AND DIVACANCY FORMATION
IN e-BRASS OBSERVED BY POSITRON ANNIHILATION
S.M. Kim and W.J.L. Buyers
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STRUCTURE DETERMINATION OF Li TiS? BY NEUTRON
DIFFRACTION X

J.R. Dahri/ W.R. McKinnon, R.R. Haering,
W.J.L. Buyers and B.M. Powell

MAGNETIC EXCITATIONS IN THE RANDOM FERROMAGNET
Ni2Mn0.8V0.2Sn

K.E. Locke, C.V. Stager and W.J.L. Buyers

HIGH-RESOLUTION PHOTOFISSION USING A BREMSSTRAHLUNG
MONOCHROMATOR
B.O. Pich, S. Yen, T.E. Drake, J.W. Knowles,
R. Gulbranson and L. Cardman

PARITY VIOLATION IN THE PHOTODISINTEGRATION OF DEUTERIUM
NEAR THRESHOLD
A.B. McDonald, E.D. Earle and J.W. Knowles
International Conference on Neutrino Physics and
Astrophysics, Erice, Italy
June 23-28, 1980
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THEORETICAL PHYSICS BRANCH

G.E. Lee-Whiting

4.1 Staff

4.2 Neutron and Gamma-Ray Fluxes for Spherical H2O and D2O
Assemblies Surrounding Centrally Located Neutron Sources

4.3 Final-State Interactions in Neutron Scattering

4.4 Penetration of Heavy Ions in Solids

4.5 The Nuclear Force in the Quark Model

4.6 Calculation of the Ratio of K-capture to Positron
Emission

4.7 A Precise p K/
p
R+ Measurement at Z=55; The Decay of Cs

4.8 Solar Neutrino Problem and the Reaction pp + de v

4.9 Isobar Particle - Nucleon Hole Calculations in Finite
Nuclei

4.10 T-matrix Approach to Calculating the Excitation Spectrum
in Liquid 3He

4.11 Approximate Angular Momentum Projection from an
Assymmetric Intrinsic State

4.12 Hadronic Decay of Charmed Mesons

4.13 Deep Inelastic Lepton-Nucleon Scattering

4.14 Reports, Publications, and Lectures



- 73 -

4.1 Staff

Branch Head:

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

G.E. Lee-

Harvey
Khanna
Kushneriuk
Lee
Sears
Towner

K.B. Winterbon

Visitors

G.V7. Hulbert (1)
Miss K. Langley (2)
M.G. Vassanji (3)

Secretarial Staff

M.E. Carey

(1) Summer student from Univ. of Waterloo; joined branch
on 1980 April 21.

(2) Computational assistant to Prof. H.R. Glyde,(Univ. of
Ottawa); joined branch on 1980 June 23.

(3) NRC Post-Doctoral Fellow; from the Univ. of Pennsylvania;
arrived 1978 September 18.
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4.2 Neutron and Gamma-Ray Fluxes for Spherical H^O and D^O

Assemblies Surrounding Centrally Located Neutron Sources

S.A. Kushneriuk and P.Y. Wong (Math, and Computation Branch)

ANISN-type calculations have been made for

M.A. Lone (Neutron and Solid State Physics Branch) of neutron

fluxes and the leakage and absorption rates for spheres of
252

light and heavy water containing neutron sources (e.g. Cf
spontaneous fission neutrons, Li(p,n) generated neutrons, etc.)

252

located at the sphere centres. In the case of the Cf source

gamma-ray fluxes, resulting from (n,y) interactions in the con-

taining spherical shell, were also calculated for selected

external points. Generally the spheres varied in radius from 5

to 100 cm. A maximum of 25 neutron energy groupr were consid-

ered, up to an energy of 14 MeV. It is anticipated that the

neutronic information would aid in making preliminary evalua-

tions of the practical usefulness of various neutron sources,
252

e.g. a calibration standard for gamma-rays based on Cf
neutron sources, sources for radiography based on Li(p,n), etc.

4.3 Final-State Interactions in Neutron Scattering

V.F. Sears

To determine the momentum distribution in simple

liquids from neutron inelastic scattering measurements at large

momentum transfers, the data must in general be corrected for

the effects of final-state interactions. We are currently

developing a method for making such corrections, which is based

on the formal similarity of this problem to that of deconvolu-

ting a spectral line shape function for the effects of instru-

mental resolution. It turns out that the method we have

invented is, in fact, not new but is originally due to Sir

Arthur Eddington (Monthly Notices of the Royal Astronomical

Society 73(1913)359).
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4.4 Penetration of Heavy Ions in Solids

K.B. Winterbon

It has been suggested several times over the

years that particles slowing down in solids initiate shock

waves. Recently Carter (Rad. Eff. Lett. 43(1979)193) has

suggested that a shock wave may originate from a single ion

track, rather than from the coalescence of the effects of

many recoil tracks (all initiated by the same primary, of

course). It has been shown by simple scaling arguments that

such an event is at best unlikely. This work has been writ-

ten up and accepted for publication.

The correlation function mentioned in PR-P-125:

4.4 (AECL-6956) has been shown to vary at small distances x

as A-Bx {A=min(-5 1,1)}, for values of the power parameter
X 1m < ht and as Ax , A = » 1, for m > %.

This correlation function has been obtained from

its moments through a continued-fraction representation of the

logarithmic derivative of its Fourier transform (K.B.W., Rad.

Eff. £6(1980)181). In the past the inversion of the Fourier

transform has been carried out by numerical integration; it

has now been decided to invert the integral analytically,

because of occasional difficulties encountered in evaluating

the numerical integral. When a distribution lies entirely to

one side of the origin, the integral is a regular confluent

hypergeometric function of several variables; when the distri-

bution extends to both sides of the origin the integral is an

irregular confluent hypergeometric function of the same

variables. The latter is not mentioned in the standard

reference sources. The first case has been incorporated into

the program and is noticeably superior to the numerical

integration; the second case is still being incorporated.
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4.5 The Nuclear Force in the Quark Model

M. Harvey

In a continuation of this study (PR-P-124:4.8

(AECL-6788)) we have now examined the effect on the nucleon-

nucleon interaction of a phenomenological three-body color

interaction among quarks. Three-body quark interactions are

expected to arise from the colored properties of the vector

gluons which mediate the fundamental strong interactions;

since the precise nature of the interaction is unknown how-

ever, we are forced into this phenomenological study. We

have chosen a simple three-body oscillator potential that has

no effect on the baryon (three-quark) spectrum. We find the

energies of the nucleon-nucleon (six-quark) states are very

sensitive to this type of quark interaction. Future studies

of the nucleon-nucleon interaction should therefore take care-

ful note of possible three-body effects.

4.6 Calculation of the Ratio of K-capture to Positron Emission

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

An existing computer program to evaluate accur-

ately positron emission rates for allowed beta decay has been

extended to include K-capture rates. The extension requires

substituting bound state electron wavefunctions for scattering

functions. The value of the K-shell electron wavefunction at

the origin is obtained from Hartree-Fock tables; its radial

variation over the nuclear domain is given with sufficient

precision by a power-series solution of the Dirac equation.

K-capture rates and positron emission rates may then be calcu-

lated to the same level of accuracy and the variation of their

ratio examined as a function of the parameters and assumptions

available. First calculations have been applied to the decay

of Cs (see next item).



- 77 -

4.7 A Precise P/P„+ Measurement at Z = 55; The Decay of Cs

I.S. Towner with J.C. Hardy and E.G. Hagberg (Nucl. Phys. Branch)

See PR-P-126:2.16 (AECL-7055).

4.8 Solar Neutrino Problem and the Reaction pp •» de v

M.G. Vassanji, F.C. Khanna and I.S. Towner

The reaction pp -»• de+v provides the basic

mechanism for energy production in the sun. All subsequent

reactions involving nuclei depend critically on the rate of

deuteron production. However, since such a reaction cannot

be observed in the laboratory, it is essential that a careful

theoretical analysis of the reaction rate be carried out.

The nuclear transition is from an initial SQ

state to the deuteron ground si:ate and is predominantly of

the Gamow-Teller (G-T) type. In our calculation we are

attempting to add NA and AA configurations to the dominant NN

configuration of the initial state. For the ground state of

the deuteron coupled NN and AA configurations are being con-

sidered. In addition the remaining meson-exchange current

corrections to the G-T matrix element will be included.

4.9 Isobar Particle - Nucleon Pole Calculations in Finite Nuclei

F.C. Khanna and G.W. Hulbert

The isobar (A) at 1232 MeV is the dominant

resonance for low-energy ir-N scattering. It is expected that

for low-energy iT-nucleus scattering (A-particle)-(nucleon-

hole) configurations, henceforth abbreviated as A-h, Will play

an important role. This calculation is an attempt to set up

a computer program for calculating two-body matrix elements

for A-h states, using a one-boson-exchange potential. The two-

body potential and hence the two-body matrix elements are
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complex. The A-h configurations will be diagonalised within

the Tamm-Dancoff approximation. The resulting eigenvalues

and eigenfunctions are expected to be useful in the calcula-

tion of various n-nucleus scattering processes.

4.10 T-matrix Approach to Calculating the Excitation Spectrum in

Liquid He

F.C. Khanna, H.R. Glyde (U. of Ottawa) and K. Langley (U. of
Ottawa)

Earlier a computer program was set up to calcu-
3 3

late the T-matrix for two He atoms interacting in liquid He.

Such calculations indicated that there were low-energy reson-

ances in the £=0 and &=1 partial waves. This made it quite

difficult to deduce Landau parameters, which are obtained

from the T-matrix by taking the limit Q -+ 0 and u •+ 0 (where

Q and u> are the momentum and the energy transferred). The

origin of these resonances is being investigated, with the aim

of understanding their effect on the extraction of Landau

parameters. In order to facilitate such an analysis we are

working with a square-well potential for which we know the

bound states and the resonances for free scattering of He

atoms. Subsequently realistic potentials will be analysed

for the presence of resonances and bound states. This should

help us to deduce Landau parameters more realistically, and

should also provide us with good estimates of the two-particle

interactions at finite values of Q and w.

4.11 Approximate Angular Momentum Projection from an Asymmetric

Intrinsic State

M.G. Vassanji

An approximate expression has been derived for

the energy of a deformed non-axially-aymmetric state in the

limit of the high angular momentum, I. The state of good
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angular momentum is obtained by projecting from a deformed

Slater determinant. The energy of this state is then

obtained by taking the matrix element of a Hamiltonian (con-

sisting of a one-body plus a two-body operator) and expand-

ing the resulting expression in t ± small parameter I/I.

A variation of this expression is to be performed, with

respect to the initial single-particle wave-functions, in

order to obtain a single-particle self-consistent field

equation. A similar calculation is planned in the small

angular momentum limit, with a different expansion for the

projected energy.

4.12 Hadronic Decay of Charmed Mesons

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

This study, previously reported in PR-P-125:

4.10 (AECL-6956), has been continued with the aim of under-

standing the process at a more fundamental level. Specifi-

cally, the role played by explicit gluon (the force-carrying

particle of the strong interaction) exchange in the decay is

being investigated.

4.13 Deep Inelastic Lepton-Nucleon Scattering

H.C. Lee with P. Watson (Carleton U.) and L. Krauss (M.I.T.)

This work is being done in connection with the

study of the proposed Canadian high energy ring, or CHEER,

project. A report with a self-contained collection of basic

formulas useful for an introductory understanding of deep

inelastic lepton-nucleon scattering has been written.

This work is being used in an evaluation of the

prospect for producing new leptons and new quarks via old or

new currents with CHEER.
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Experimental data available so far support the

idea that in the deep inelastic process, the lepton interacts

in the nucleon with quasi-free, point-like objects, called

quarks or partons. Such processes are very useful for study

ing the fundamental electroweak interaction between leptons

and quarks. At the same time recent analyses of deep inelas-

tic scattering data also reveal that the scattering process -

is heavily influenced by the strong interaction among partons,

in a way that is compatible with quantum chromodynamics, the

mcst obvious candidate for the theory of strong interaction.

Deep inelastic scattering is therefore also a tool for the

study of strong interaction.

4.14 Repor-Ls, Publications, and Lectures

Reports

HELIUM IN THE AUSTENITIC STAINLESS STEEL OF TRITIUM-
HANDLING FACILITIES
C.E. Ells and S.A. Kushneriuk
AECL-68i44, 1980

Publications

MANGANESE 49: FIRST RESULTS OF ISOTOPE SEPARATOR
J.C. Hardy and I.S. Towner
Phys. Lett. 9_1B (1930)207

NEUTRON-DIFFRACTION STUDY OF THE STATIC STRUCTURE FACTOR
AND PAIR CORRELATIONS IN LIQUID 4He
E.C. Svunsson, V.F. Sears, A.D.B. Woods, and P. Martel
Phys. lav. B 21(1980)3638
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Lectures

MESON EXCHANGE CURRENTS IN NUCLEI
I.S. Towner
given to the Eastern Regional Meeting of the Nuclear Physics
Division of the C.A.P. at the Univ. of Toronto, 1980 March

239Pu BREEDING IN FUSION REACTOR BLANKETS
S.A. Kushneriuk and P.Y. Wong
given at the C.A.P. Congress, McMaster Univ., 1980 June 16-1&.

PRESSURE DEPENDENCE OF ELEMENTARY EXCITATIONS IN NORMAL LI^ HD 3He
H.R. Glyde and F.C. Khanna
given at the C.A.P. Congress, McMaster Univ., 1980 June 16-19.

HADRONIC WEAK DECAYS OF CHARMED MESONS
H.C. Lee
given at the A.P.S. meeting, Washington, 1980 April 21-24

EFFECTIVE NUCLEAR FORCES IN THE QUARK MODEL
M. Harvey
given at Univ. of Toronto, 1980 April 2.

SIX QUARK STATES AND THE NUCLEON-NUCLEON FORCE
M. Harvey
given at Mct-.ill Univ., 1980 April 8.

EFFECTIVE NUCLEAR FORCES IN THE QUARK MODEL WITH DELTA AND
HIDDEN COLOR CHANNEL COUPLING
M. Harvey
invited talk at the Annual Congress of the C.A.P., 1930 June 18.



- 82 -

MATHEMATICS AND COMPUTATION BRANCH

D. McPherson

5.1 Staff

5.2 CDC 6600/CYBER 170 System

5.3 CDC 3300 and Communications System

5.4 Tandem-SCC Computer-aided Control System

5.5 PDP-11 Neutron Spectrometer Control System

5.6 Simulation and Differential Equations

5.7 Stress Analysis Packages

5.8 The NUSHLD Data Library

5.9 Nonlinear Equations of Face Seal Dynamics

5.10 Information Handling Programs

5.11 Data Reduction and Analysis

5.12 Miscellaneous Programs and Subroutines

5.13 Operations

5.14 Publications, Reports and Lectures



- 83 -

5.1 Staff

Branch Head: D. McPherson

Section I: Systems

Head:
D. McPherson

Programmer/Analysts
J.F. Steljes
C.J. Tanner

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

Section II: Operations

Head:
B.B. Ostroffl

Programmer:
L. Belair (1)

Operations Supervisor:
P. McGandy

Operator Supervisor:
A.A. Laroche

Computer Operators v
K. J. Brown
M.A. Chapman
M.E. Edwards
S.E. Gardner
C M . Hepburn
J.E. Holroyd
Y. Labine
K.A. Livingston
S. Parr
M.A. MacDonald
C.P. Mielke
S.A. Moeller
S.E. Virtue
D.M. Wildsmith

(2)
(3)
(4)

(5)
(6)
(7)
(8)

(9)

(10)
(11)

Services and Applications

Head:
J.M. Blair

Mathematical Analysts:
S.B. Baset
G.H. Keech
W.N. Selander

Programmer/Analysts:
L.E. Evans
C.A. Wills
P.Y. Wong

Programmers:
M.T. Boulahger
K.D. Clark
M.D. Kent
G.L. Klawitter
E.G. Long
D.G. Stewart

Section IV: Special

Head:
G.N. Williams

Programmer/Analysts:
J.A. Edgecombe
L.D. Hansen

Programmers:
P.J. Bumbulis
C.F. Austin

Secretarial Staff

K.F. Barnard

(12)

(13)

. Systems

(14)

(15)
(16)
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(1) Summer student from the University of Montreal; joined
branch 1980 May 9.

(2) Terminated 1980 April 30.
(3) Transfered to Finance Division on 1980 April 14.
(4) Transferred to Health Sciences Division on 1980 May 26.
(5) Summer student from Ryerson Polytechnical; joined

branch 1980 May 6.
(6) Joined branch 1980 May 12.
(7) Joined branch 1980 April 21.
(8) Joined branch 1980 May 12.
(9) Transferred to Maintenance & Construction Division on

1980 May 12.
(10) Summer student from Queen's University; joined branch

1980 April 28.
(11) Joined branch 1980 April 9.
(12) Attached half time from Office of the Director o£

Research.
(13) Summer student from St. Mary's University, joined

branch 1980 May 1.
(14) Terminated 1980 April 30.
(15) Waterloo student, terminated 1980 April 25.
(16) Waterloo student, joined branch 1980 May 1.
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5.2 CDC 6600/CYBER 170 System

5.2.1 Operating System

D. McPherson, C.J. Tanner and W.J. Irving
(Control Data Canada Ltd.)

A number of enhancements were added to the
system during the quarter, including the first stage of
an improved algorithm for load-sharing. Corrective code -
from CDC was installed to eliminate a number of minor
deficiencies and one major error; only one serious fault
remains uncorrected.

5.2.2 Programming Languages and Utilities

5.2.2.1 Statistical Package for the
Social Sciences (SPSS)

C.A. Wills

SPSS (Statistical Package for the Social
Sciences) has been installed and tested and appears to
be running satisfactorily. A number of changes to the
code were necessary to make the subroutine which produces
the Calcomp plots run. In particular these included the
creation and structure of the plot file and several
default va.1 ues used in the code.

The code is leased from Northwestern University.
It is available without charge to AECL users. Non-AECL
users will be charged a royalty in addition to the machine
costs. Nine manuals have been purchased by the branch
and they may be borrowed by users of SPSS along with
extra documentation prepared by Northwestern University
outlining differences between the manual and the CDC
version of SPSS.

5.2.2.2 TIDY

G.H. Keech

Possible modifications to TIDY, a program to
"clean up" FORTRAN source code, are being tested. One
option inserts CONTINUE statements so that FORTRAN DO-
loops will always end in this manner. A second option
allows a user to collect FORMAT statements and place
them at the start or at the end of the executable
statements.
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5.2.3 Subroutine Libraries

5.2.3.1 • AELIB Modifications

G.L. Klawitter and L.E. Evans

On 1980 May 20, AELIB was modified to add new
routines and make some modifications to existing routines.
The major changes were as follows:

(a) The addition of the dynamic memory management
software described in AECL-6782.

(b) The addition of FORTRAN-callable CYBER Control
Language register manipulation routines.

(c) The addition of a FORTRAN-callable ROUTE subroutine.
(d) The introduction of external versions (i.e. ver-

sions that should run at other computing centres)
for some AELIB utility routines.

Revision B to the AELIB User's Manual, AECL-6076, was
prepared this quarter. This revision package contains
all the documentation changes since :.he last revision
in July 1979.

5.2.3 Subroutines for Thermodynamic
Properties of Water and Steam

W.N. Selander and M.D. Kent

This is a major revision of the existing
program POLSAW. It is intended to incorporate new
features of interest to users, to provide improved
property formulations, and to be efficiently coded. A
rational expression in P c has been obtained for the
saturation temperature T (P); c = 0.221 appears to be
optimum. This expression for T is about ten times
faster than the: previous implicit formulas. Similar
formulas for other saturation properties are being
developed. These subroutines will eventually be
installed in AELIB.

5.2.4 Graphics Viewing System (GRVIEW)

G.N. Williams

The device-independent graphics viewing
system (GRVIEW) was released to all users in May. The
system allows users to preview, on a graphics display
terminal, graphical output produced by their program.
A copy facility is provided to allow users to make a
copy bf any display they have viewed, on any support
device, typically a hard-copy output device.
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Extensive use has been made of the new IPL
language developed for interactive prompting on the CDC
3300, and CYBER Control Language procedures.

5.3 CDC 3300 and Communications System

5.3.1 Interactive Procedure File

E.A. Okazaki

A system for installing, documenting and
maintaining public interactive procedure files (see
PR-P-125; 5.3.2; AECL-6956) has been established and
can now be offered as a Computing Centre service.

5.4 Tandem-SCC Computer-aided Control System

5.4.1 CAMAC Modules for the SLC Control System

L.D.J. Hansen et al.

See PR-P-126; 2.25; AECL-7055.

5.5 PDP-11 Neutron Spectrometer Control System

G.H. Keech

Neutron scattering experiments run on the C5
spectrometer are controlled by varying four spectrometer
angles. The control system being developed enables a
PDPll/03 computer to control the C5 spectrometer hard-
ware on line through a CAMAC interface.

A package of routines has been completed that
calculates,the spectrometer angle settings for the
constant-E neutron scattering scan. This scan mode
does a general S(Q,u) (dynamic structure factor)
scan, with the possibility of constant Q (momentum
transfer) and/or constant v (energy transfer).

In developing this subroutine pa'kage from
the 175/6600 program L3MODES, several versions depending
on the number of options included were created. The
final C5 version handles only one scan mode as described
above, allows only one analysis, and does not check for
collisions of.spectrometer arms. However, the more
important feature of checking spectrometer angles
limits has been retained. We are facing computer
memory size limits with the total control package, and
will need to introduce additional features on a priority
basis.
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5.6 Simulation and Differential Equations

5.6.1 Bias Effects in the Micro-structure
of Radiation Induced Creep

J.M. Blair and S.R. MacEwen, Materials
Science Branch

Dislocation bias factors have been computed
using the analytical solutions mentioned in PR-P-125;
5.9.1; AECL-6956, and are consistent with values esti-
mated independently from in-reactor creep experiments.
The computer programs described in PR-CMa-52; 4.4.1C,
have been used to determine the effects of the following
on the misfit contribution to the dislocation bias
factor:

(a) The choice of diffusion equation (Laplace or
Poisson).

(b) The choice of the outer boundary condition (sink,
reservoir, or reflecting.

(c) The form of the dislocation/point defect inter-
action energy (B/r or B sin <f>/r) .

(d) The magnitude of the misfit strain.
(e) The inner and outer boundary radii.

The work is being prepared for publication.

5.6.2 MAKSIMA-CHEMIST

D.G. Stewart

Further modifications have been made to the
export.version of MAKSIM so that fewer modifications
will be required by the site receiving the program. A
new writeup to aid in installing MAKSIM on another
computer system was prepared.

5.6.3 TWODEPEP

S.B. Baset and J.M. Blair

H.J. Neuburg of the Chemical Engineering
Branch has enquired about the availability of a com-
puter code to solve partial differential equations
which simulate the mass balance of a tracer injection
on a curved plate. A finite element program called
TWODEPEP exists to solve a class of elliptic, parabolic
and eigenvalue problems in a two-dimensional space. A
version of this program was obtained by AECL during a
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previous software conference. Updated versions of
TWODEPEP are now available through IMSL. Our version
is now being tested using Dr. Neuburg's data.

The results of testing have been unreliable so far
because TWODEPEP cannot adjust the time step auto-
matically. The problem has been reported to IMSL for
further investigation.

5.7 Stress Analysis Packages

5.7.1 MARC - General

S.B. Baset

A bulletin called MARCNEWS has been established.
Any MARC user can access this file to find out the latest
documentation and software status as well as any general
problems reported by MARC Corporation or by AECL users.

In this quarter, one major error was reported
to MARC Corporation concerning the use of the Fourier
series to analyze axisymmetric structures under variable
loads. The error has been confirmed and fixed.

5.7.2 MARC - MENTAT

S.B. Baset

MENTAT is an interactive graphics program
developed by MARC Corporation in order to provide a
preprocessing-postprocessing interface with MARC pro-
grams. Mr. D. Seamons of MARC Corporation demonstrated
the various capabilities of MENTAT during a meeting
held at the Engineering Company in May. Although it is
generally accepted that MENTAT will greatly simplify
the use of MARC programs, a lease of MENTAT is not
considered at present until the necessary computer
hardware becomes available.

5.7.3 TPIPE - General

S.B. Baset

Two major errors were reported to PMB Corpora-
tion during this quarter. It was discovered that PMB
had provided an incorrect routine, BISECT, which led to
a CP time limit error for some out-of-core frequency
analysis problems. The second error also occurred
during out-of-core frequency analysis of some piping
systems with closely spaced frequency values. The
first error is fixed but the second is not.
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A meeting was held at Engineering Company
between TPIPE users and Mr. V. Young of PMB. The users
expressed interest in seeing more enhancements, partic-
ularly for Class 1-ASME Code postprocessing capability
and the multisupport excitation approach for earthquake
analysis. PMB indicated that such major enhancements
are not possible without re-negotiating the current
lease.

5.8 The NUSHLD Data Library

P.Y. Wong with W.H. Pettipas, Process Systems Design
Branch

The shielding code NUSHLD calculates gamma
radiation dose rates for three-dimensional source and
shield configurations and has been used by Process
Systems Design Branch to provide shielding design
calculations. This code is now being studied to see if
its capabilities can be improved as a design tool.

One limitation of NUSHLD is that its gamma
decay chain data are only available for a small number
of isotopes. To increase this capability a data library
containing decay gamma-ray data for 512 isotopes has
been prepared and a program to assemble data from the
library for NUSHLD has been written. The data are
taken from the DECAYGAM library (DLC-19, Radiation
Shielding Information Center, Oak Ridge National Lab-
oratory) and tests of some of these data are now being
made.

5.9 Nonlinear Equations of Face Seal Dynamics

W.N. Selander, J.M. Blair and E.G. Long

A set of four nonlinear equations describing
steady rotation of liquid lubricated end face seals(1)
("Dynamic Tracking of Angular Misalignment in Liquid
Lubricated End Face Seals" by R. Metcalfe, ASLE paper
to be presented at ASME-ASLE International Lubrication
Conference, August 19 80) has been solved. Firsc attempts
to solve the equations numerically failed, apparently
due to the presence of terms of the form tan x which
may become singular. This prevents effective scaling
of the equations, which is necessary, since the method
of solution depends on minimizing the sum of squares of
the residuals. A rearrangement of the equations without
singular terms, including a natural scaling suggested
by the variables, has been more successful. An exact
solution has also been found, and while this eliminates
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the need for a numerical solution, it has proved useful
in testing the nonlinear equation subroutine. The
convergence and accuracy of the numerical solution are
still under investigation.

5.10 Information Handling Programs

5.10.1 Radioactive Waste Storage Data Project

K.D. Clark

Work was begun on a data storage and retrieval
project for the CRNL Environmental Authority. This
project has been under consideration for several years
as a means of recording the materials which are being
stored in the CRNL Waste Storage Area. Currently being
defined is a system involving:

(a) the encoding of data,
(b) the generation of monthly summaries of data,
(c) the storing of data in computer files,
(d) the retrieval of data as required in the future.

The overall purpose of this project is the generation
of reports to be used when the stored items are removed
from the storage area for permanent disposal.

5.10.2 Documentation for the Heavy Water
Upgrading Invoicing Program UPGRADE

K.D. Clark

A FORTRAN program UPGRADE was written pre-
viously (PR-P-125; 5.11.5; AECL-6956) for the Nuclear
Materials Control Branch to invoice customers of the
CRNL heavy water upgrading facility. The documenting
of this program is underway and a user's manual has
been prepared.

5.10.3 Scientific Data Base Survey

C.J. Tanner

In the past year, isolated requests for specific,
commercially available data base systems have been received
by the Computing Centre. Acquisition and support of such
a system implies a long-term commitment of both funds and
manpower, so it is important to try to select a system
which will come closest to satisfying the needs of the
greatest number of potential users. Input regarding
potential applications was solicited via a Computing Centre
Newsletter survey; the 17 replies received will be distilled
into target specification to assist in selection of the
most appropriate system.
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5.11 Data Reduction and Analysis

5.11.1 Data Processing System for
Analysis of Fuel Defect Experiments

C.A. Wills

Two changes have been made to SUMRT for
R.D. Delaney, Reactor Loops Branch. Degassing has been
included in the loop model and the program now accepts
input flags indicating whether degassing and/or purifica-
tion affect each isotope being processed. The code
now includes constants for conversion from counts/
second to concentration for the four spectrometers used.
The document "How to Input Data to SUMRT" was distributed
to all users of the program.

The model of the X-2 loop is still under
review. Currently linear plots of concentration vs.
time for a calibration test are being examined. The
random errors in the individual points appear to be as
expected. However, the data collection system seems to
be behaving erratically and is producing random disturbances
which last over a period of several hours.

5.11.2 Analysis of Tritium Release

C.A. Wills

The analysis of tritium release from the NRU
roof vents for D.F. Dixon, Chalk River Environmental
Authority, was completed. All available weekly data
and weekly data for the calendar year 1979 appear to follow
a normal distribution for vents 12 and 15 and a log-
normal distribution for vent 71.

5.11.3 Modifications to Programs for
Analyzing DNA Molecular Data

G.L. Klawitter

In conjunction with the work completed for
M.C. Paterson, Radiation Biology Branch, as reported in
PR-P-125; 5.12.4; AECL-6956, documentation of the SCIN
program and the final draft of the control card and
input card sequence description were completed.

A new ver'sion of an existing program for
alkaline elution, a new.higKiy sensitive method which
allows biologists to follow the repair of radiation
damage to genetic material under biologically meaningful
conditions, is currently being developed.
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5.11.4 Analysis of Radiation Damage
to DNA and its Repair

G.L. Klawitter

In conjunction with the work on program
SCINCNT for J.D. Childs, Radiation Biology Branch, as
reported in PR-P-122; 5.8(iii); AECL-6582, a routine to
read data from a Beckman counter was added to the
program. The existing routine to read data produced by
an ISOCAP counter was modified to enhance the readability
of the code. Finally, the first draft of the control
card and input card sequence description for program
SCINCNT was completed.

5.12 Miscellaneous Programs and Subroutines

5.12.1 Reduction in Computer Field Length
Requirements for FIREBIRD Code

K.D. Clark and J.M. Blair

FIREBIRD is a large segmented computer code
used primarily for predicting the thermalhydraulic
behaviour of CANDU power reactors during a postulated
loss-of-coolant accident and the subsequent emergency
coolant injection. At the request of Janet Panesar,
AECL-EC, an investigation of the field length require-
ments was undertaken, with the aim of improving job
turnaround and reducing the cost of runs. Our conclu-
sions are as follows:

(a) There is no obvious saving to be gained from
altering the segment structure.

(b) A significant saving, in field length, CP time and
cost, can be achieved by treating the system of
linear equations as a sparse system, and using the
sparse matrix software in AELIB. The table below
gives comparative figures for a topical case.

Field CP Cost
Length Time(s) (dollars)

Standard version 301307 75 70
Sparse version 230211 65 56

An additional saving in CP time may be p^^ible by
invoking a time-saving option in a new version of the
sparse matrix software recently received from the
Harwell Subroutine Library.
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5.12.2 Program TPKEAD

M.T. Boulanger

A FORTRAN program was written for liarshy Patel,
Quality Control Branch, to read magnetic tape written by
a data acquisition system and convert the data for use by
a 6600/170 FORTRAN program.

5.13 Operations

5.13.1 Computer Use by Division

The following tabie is an analysis of the jobs
processed during the quarter:

Utilization
Number of Jobs System Seconds

Radiochemical Company
Chemical Company
Engineering Company
WNRE
CRWL :
Computing Centre
Contracts
Technical Information

& University Relation;
Health Sciences
Chemistry & Materials
Physics
Electronics, Instrument

& Control
Advanced Projects &

Reactor Physics
Fuels & Materials
Administration
Finance
Operations
Maintenance a

Construction
General Services
Plant Design
Special Projects
Environmental Authority
Others

1,
21,
2,

35,
3,

3 4,
4,
2,
9,

12,
10,

2,
3,

3,

120,

17
051
743
779

653
358

406
512
411
451

742

525
692
913
768
509

0
97

711
123
29
60

550

(0.01%)
(0.87%)
(18.04%)
(2.31%)

(29.58%)
(2.79%)

(3.65%)
(3.74%)
(2.00%)
(7.84%)

(0.62%)

(10.39%)
(8.87%)
(0.76%)
(2.30%)
(2.91%)

(0.00%)
(0.08%)
(0.59%)
(2.59%)
(0.02%)
(0.04%)

146
47,038

1,009,627
164,b89

317,446
46,226

51,328
66,592

100,840
464,227

21,167

318,150
239,591

6,531
95,649
95,917

46
12,754
13,249

190,917
14
421

3,262,566

(0.00%)
(1.44%)
(30.95%)
(5.05%))

(9.73%)
(1.42%)

(1.57%)
(2.04%)
(3.09%)

(14.23%)

(0.65%)

(9.75%)
(7.34%)
(0.20%)
(2.93%)
(2.94%)

(0.00%)
(0.39%)
(0.41%)
(5.85%)
(0.00%)
(0.01%)
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5.14 Publications, Reports and Lectures

Publications

USER EXPERIENCE WITH MEMORY MANAGEMENT
C.J. Tanner and M.B. Carver
Control Data Corporation VIM-32 Conference, San Francisco,
California, 1980 April 28 to May 1.

Reports

A QUICK GUIDE TO THE CRNL COMPUTING CENTRE
Mathematics & Computation Branch Staff
AECL-MISC-189, 1980 April.

INTRODUCTION TO COMPUTING ON THE CYBER 170/6600 SYSTEM
J.M. Blair, L.E. Evans, E.A. Okazaki and G.N. Williams
AECL-6886, 1980 June.

REVISION B to AELIB USERS1 MANUAL
Compiled and Edited by L.E. Evans
AECL-6076, 1980 April.

COMPUTING CENTRE NEWSLETTER, Vol. 7, Nos. 4, 5 and 6,
L.E. Evans and E.A. Okazaki, Editors.

Lectures

JOB PROCESSING, CONTROL STATEMENTS AND PERMANENT FILES
D. McPherson
Summer Student Seminar, CRNL, 1980 May 27.

INTRODUCTION TO UPDATE
L.E. Evans
Summer Student Seminar, CRNL, 1980 June 3.

DEBUGGING FORTRAN PROGRAMS
D.G. Stewart
Summer Student Seminar, CRNL, 1980 June 12.

GRAPHICS VIEWING SYSTEM
G.N. Williams
AECB, 1980 May 23.

DEBUGGING FORTRAN PROGRAMS and ADVANCE FORTRAN DEBUGGING
D.G. Stewart
Engineering Company, I960 June 25 and 26.

PERMANENT FILE SPACE CONSIDERATIONS and IPL: AN EXPERIMENTAL
PROGRAMMING LANGUAGE
D. McPherson
Engineering Company, 1980 May 7.
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INTRODUCTION TO MAGNETIC TAPE USAGE ON THE CRNL SYSTEM and
ADVANCED FEATURES OF MAGNETIC TAPE USAGE ON THE CRNL SYSTEM
B.B. Ostrom
CRNL, 1980 June 18 and 19.

AN INTRODUCTION TO GRVIEW and ADVANCED USES OF GRVIEW
G.N. Williams
CRNL, 1980 May 21 and May 22.
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ACCELERATOR PHYSICS BRANCH

J.S. Fraser

6.1 Staff

6.2 Nuclear Power Applications

6.2.1 High Current Proton Accelerator
6.2.2 Electron Test Accelerator
6.2.3 Fertile-to-Fissile Conversion Experiments

at TRIUMF

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 Injector Test Experiment
6.4.2 Ion Source Development
6.4.3 High Current Test Facility
6.4.4 Electron Test Accelerator
6.4.5 Heavy-Ion Superconducting Cyclotron
6.4.6 Fast Intense Neutron Source
6.4.7 Reactor Physics

6.5 Publications, Reports, Papers, Lectures and Patents



- 98 -

6.1 Staff

BRANCH HEAD

Professional Staff

C.
J.
K.
B.
L.
E.
J.
S.
C.
J.
R.

G.
J.
H.
S.
M.

B.
C.
C.
G.
W.
A.
D.
B.
R.
A.
M.
J.
E.
H.
R.
0.
R.
J.

Bigham
Brown
D. Chan (1)
Chidley (2)
Funk
Heighway
Hepburn
Hodge
J. Hoffmann
Hulbert
Hutcheon
McKeown
McMichael
Ormrod
Schneider
Schriber
Shubaly (3)
Ungrin

Mechanical Laboratory

J.
R.
R.
N.
D.
J.

E.
J.
J.
I.
W.
F.

Anderchek
Bakewell
Kelly
G. Labrie
Warren
Weaver

J.S. Fraser

Attached Staff

R.W. Hamm (6)

Visiting Professor

Y.M. Shin (7)

Technical Staff

R.T.
L.F.
R.J.
H.F.
D.W.
M.F.
K.A.
L.E.
B.A.
K.J.
A.B.

R.
J.C.
S.H.
J.E.
P.J.
W.L.
R.A.
A.E.

F. Bird
Birney
Burton
Campbell
Clements
Coulas
Dobbs
Geoffrey
Gillies
Hohban
Hood
Houtman
Jones
Kidner
McGregor
Metivier
Michel
Vokes
Weeden

(4)

(5)

Laboratory Services

K.T.
J.J.

McKee
Murphy

Secretarial Staff

Mrs. M.A. Trecartin

Summer Students

R.M.
L.R.
N.R.
J-P.

Beauprie
Lewis
Osborne
Rossi

(8)
(9)
(10)
(11)

(1) Joined Branch effective 1980 April 07.
(2) Posted to Los Alamos Scientific Laboratory effective

1979 August 13.
(3) Returned from outside duty at Karlsruhe, Federal

Republic.of Germany, effective 1980 April 21.
(4) Joined Branch effective 1980 June 02.
(5) Waterloo Student, resigned effective 1980 April 25.
(6) Attached Staff from Los Alamos Scientific Laboratory,

arrived 1980 May 12, returned to LASL effective
1980 June 26.
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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 which will be
used to study problems associated with the low energy portion
of an electronuclear breeder. Commissioning of a 3 MeV
Alvarez accelerating structure continues. Design studies of
an improved Alvarez structure (output energy % 2.6 MeV) are
underway that will provide information for the design of a
10 MeV, 300 mA proton accelerator.

6.2.1.1 Ion Source Development

M.R. Shubaly

Development of the high-current reflex-arc ion
source continues. Installation of a new extraction column
has improved operation and has helped identify one of the
causes of column sparking. Modifications to the plasma
source have improved arc suability and have reduced gas con-
sumption by 40%.

6.2.1.1.1 Ion Source Test Stand

Shielding and transient suppression of the
Emittance Measuring Unit have reduced false triggering and
damage. The previously damaged gas flowmeter has been
installed in a shielded box and is performing satisfactorily.
A high-resolution closed-circuit television system has been
installed to facilitate "visual" monitoring of the beam.

6.2.1.1.2 High Current Ion Source

The newly installed extraction column is operating
very well. The column uses O-ring seals and is clamped
together with insulating rods. Improved beam quality from
this column is probably related to better alignment procedures.
Reasonably reliable operation with 0.45 A hydrogen beams has
been achieved. The main reliability limit is apparently
cooling of the decel electrode. A new electrode with an
internal cooling passage is being designed.

Modifications to the internal geometry of the
plasma source have improved arc stability at high current and
have reduced gas consumption. The optimum diameter and length
for the canal in the intermediate electrode has been deter-
mined. A 6 mm internal diameter orifice in the anode improves
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arc stability and reduces gas consumption by 40% for hydrogen.
A larger diameter orifice is required for argon. Changes in
the size of the second anode in the PIG region indicate that
this electrode should be kept as small as possible for good
beam quality. Optimization of the length of the PIG zone is
underway.

Design of a four-beam xenon ion source for heavy
ion fusion applications is underway. This source would use
four scaled down versions of the present source spaced in a
10 cm by 10 cm square array. Initial development involves
field clamping to reduce the interference between magnetic
fields of the sources.

6.2,1.1.3 Other Studies

Extraction codes such as AXCEL require as input
data the electron density and temperature in the source
plasma. A circuit to drive doubly-floating Langmuir probes
has been assembled and initial measurements have been carried
out. The problem of probe insulator damage by the source
plasma has been solved by placing a molybdenum sheath over
the insulator. One rather surprising result is that the
source plasma is slightly negative with respect to the
extraction aperture plate - simple theory predicts a positive
potential. This study is continuing.

The discrepancy in tests of surface finishes for
electrodes (see PR-P-125, 6.2.1.1.3; AECL-6956) is as yet
unresolved. The electrodes are too large to fit in the
available scanning electron microscope for examination of the
surfaces. As noted above, the new column is working reliably
with a plain machined finish on the accel electrode.

Assembly of the microcomputer control system for
the Ion Source Test Stand is underway. A well shielded
chassis is under construction.

6.2.1.2 Injector Test Experiment

J.D. Hepburn and M.R. Shubaly

Commissioning of the vacuum system and some
electronic equipment is underway. The high voltage power
supply has been commissioned to full power with a few minor
modifications still outstanding. The vacuum system has been
cleaned and assembled, and is being commissioned. Wiring of
electronic control and instrumentation chassis is approximately
90% complete with chassis-to-chassis and chassis-to-beamline
wiring still outstanding. Many of the chassis have been
tested on the Ion Source Test Stand and modifications have
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been made to reduce the deleterious effects of high voltage
transients. Assembly and wiring of the high voltage dome is
essentially complete.

6.2.1.3 Code Development

G.E. McMichael, S.O. Schriber and M.R. Shubaly

6.2.1.3.1 PARMILA

As currently envisaged, the replacement Alvarez
tank (see section 6.2.1.5) will have cells of length 2 BX.
The PARMILA code, which was written for BX tanks, has now
been modified for the more general use of cell lengths = nf3A
(n = 0.5, 1, 2, ). Other improvements to simplify the
running of the code have been incorporated.

6.2.1.3.2 SUPERFISH

Further improvements have been made to the rf
resonator code which simplify user interface and allow for
multiple cases of similar geometries.

6.2.1.3.3 Ion Source and Injector Simulation Code

Development of a new simulation code for injectors
and for the extraction region of ion sources is currently
underway. This code will combine the best features of AXCEL
(developed at Oak Ridge National Laboratory) and SNOW
(developed at Sandia Laboratories), and additional features
that experience with these codes has shown to be useful.
Comparison of SNOW and AXCEL has shown that they give con-
sistent answers to similar problems with no significant
difference in computer time. The decision as to which code
to adopt as the skeleton of the new code has been delayed
pending further studies of the structure of both codes.

6.2.1.4 High Current Test Facility

6.4.1.4.1 Injector

J. Ungrin

Repairs to the generator that feeds the 750 kV power
supply were completed early in the quarter. Tests with the
supply up to full voltage and with beam currents up to 20 mA
indicate a fully successful repair.

Present plans call for the 3 MeV Alvarez tank to be
replaced by a new structure (see section 6.2.1.5). Low
voltage tests of the injector with 15-20 mA beams have taken
place to determine a lower voltage limit at which transmission
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through the present low energy beam transport system is still
possible. To operate below ^ 575 keV will require significant
changes in the beam line. Therefore, present plans are to
operate the injector at 600 keV.

6.2.1.4.2 Rf System

J.C. Brown

Operation of the main tank drive system has remained
satisfactory. The buncher rf system components have been com-
pleted and individually tested but system tests await com-
pletion of the buncher cavity. The low level rf control unit
is two-thirds complete.

6.2.1.4.3 Buncher Cavity

J.C. Brown

The buncher cavity tuning plunger drive was com-
pleted and tested. Tuning characteristics met design require-
ments. After addition of the stiffening brackets to the end
walls (PR-P-125, 6.2.1.4.3; AECL-6956) and completion of
tuning operations, brazing of the end wall plate to the cavity
body was attempted. During the brazing heat cycle the end
plate distorted severely on either side of the stiffening
brackets. This was attributed to stress relief of the
stiffening brackets and several stress relief heats were made
to eliminate further movement. When this braze was tried
again, the edges of the plate moved about half the original
amount. Since differential cooling of the top plate was
suspected to be the cause of this movement, the plate was
clamped to the body during a repair heat. The joint seal was
successful, but the clamp load left the cavity centre boss
noses closer together and cavity frequency about 7 MHz low.
Preparations for retuning are underway.

6.2.1.4.4 Alvarez Tank

J.C. Brown, J. Ungrin and S.O. Schriber

The replacement of number eight drift tube was
completed early in the quarter and rf power was again fed to
the Alvarez tank. Conditioning to ^ 110 kW was fairly rapid
with little outgassing seen from the tank At about 120 kW
large outgassing surges were encountered and finally a com-
plete loss of vacuum occurred. The problem was traced to a
failure of the O-ring which seals the bellows of number three
drift tube to the tank wall. An examination of the drift
tube stem-to-tank wall joint through the drive loop port
indicated that the finger stock on the rf collar (PR-P-123,
6.2.3 c); AECL-6680) had been damaged and that rf leakage
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into the collar was the cause of the O-ring failure. The
tank was then opened to repair the collar and to examine more
carefully all the other collars for possible damage. A number
of rf fingers were found to have been destroyed by arcing on
several additional collars. The arcing damage indicated a
poor electrical contact between the collar and the tank.

Several welding or soldering techniques for
attaching the collars to the stems and to the tank wall were
investigated to improve the electrical and thermal contacts.
The close spacing of the drift tube stems at the low energy
end of the tank and the need to prevent further damage to the
O-ring seals restricted the possible metal sealing methods to
soft soldering. New collars which provided a very close fit
to the tank and stem were fabricated and were installed,
without finger stock, by soldering in situ. The tank was
then re-assembled and realigned. It is presently under vacuum
and has operated to 40 kW with no apparent difficulties.

Initial tests of the coupling loop with the vacuum
window X/2 from the loop have been completed. The loop is
presently being drafted.

The emittance measuring unit from the 750 keV
injector beam line is being modified to fit the output beam
line from the Alvarez tank. It will be used to measure
emittance and energy dispersion of the 3 MeV beam.

6.2.1.5 Two Beta Lambda Alvarez Tank (2BLAT)

J.C. Brown, S.B. Hodge, G.E. McMichael, S.O. Schriber
and J. Ungrin

.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 Energy Breeder Accelerator) are being studied. This
accelerator would be a test of the initial stage of an electro-
nuclear breeder and would be used to study injection,
engineering beam loss, beam transmission and emittance growth
problems. The accelerator, which is presently at the con-
ceptual design stage, will consist of a low voltage (50-100 kV)
dc injector, a biased radiofrequency quadrupole (RFQ) section,
and a drift tube linac (DTL). The transition from the RFQ
section to the DTL will occur in the 2.0 - 2.5 MeV range.

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 gA tank (2BLAT) will be built. The accelerator with an
input energy of 600 keV will permit investigations of shaped
drift tube faces, high accelerating gradients, rf tuners,
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improved cooling, permanent magnet quadrupoles, post couplers
and a modular drift tube suspension.

A 0.6 MeV 2 3A Alvarez cell has essentially the
same length as a 2.5 MeV (3A cell and hence our first 2BLAT
cell will model the first cell of the ZEBRA DTL as
presently envisaged. The decrease of the injection energy
from 750 kV to 600 kV increases the injector reliability.
The use of the longer 2 gA cell permits this lower voltage to
be used while maintaining sufficient space for quadrupole
magnets.

The frequency choice and output energy of °o 2.6 MeV
are constrained by presently available rf equipment and space.

A preliminary design of 2ELAT has been completed.
The geometric and dynamic cell parameters as determined by
the codes SUPERFISH and PARMILA are given in Table 6.2.1.
The geometry chosen yields a maximum surface field of 21 MV/m
in cells 1 and 6. This value is ^ 1.25 times the Kilpatrick
limit at this frequency (63% of the sparking limit). The
accelerator has 13 full drift tubes of which 6 will employ
post couplers.

6.2.2 Electron Test Accelerator

J. McKeown

This 4 MeV 100% duty factor accelerator was used to
continue studies in accelerator structures and control systems.

6.2.2.1 Accelerator Operation

K.C.D. Chan and J. McKeown

The waste water target used for engineering power
density studies was removed from the beam line at the
beginning of the period and the high power beam dump installed.
The fourth harmonic diagnostic cavity was also removed from
between the accelerator tanks and installed between a tapered
aperture and a gate valve downstream from the second tank.
The lead enclosure around the dump has been rebuilt and the
self-powered detectors installed and connected to their
respective amplifiers external to the tunnel at the north-east
end.

After, a major reconfiguration of the machine, an
experiment was planned to measure the bremustrahlung energy
dependence by adjusting the phase of the second tank and at
the same time the transport and radiofrequency control setting
necessary for high power runs could be determined. Some runs



Table 6.2.1

TWO BETA-LAMBDA ALVAREZ TANK (Preliminary Design) "2BLAT1

Tank Diameter = 71.0 cm Drift Tube O.D. = 13.5 cm

CELL
NUMBER

INITIAL

1

2

3

4

5

6

7

8

9

10

11

12

13

14

KINETIC
ENERGY
(MeV)
.6000

.6884

.7850

.8893

1.0008

1.1194

1.2601

1.4081

1.5630

1.7245

1.8919

2.0647

2.2422

2.4233

2.6071

* 1

Tank Length
Frequency

BETA

.0357

.0383

.0409

.0435

.0462

.0488

.0518

.0547

.0576

.0605

.0634

.0662

.0690

.0717

.0744

kG = 0.1

LENGTH

(cm)
-

8.26

8.84

9.42

10.01

10.61

11.25

11.91

12.57

13.22

13.86

14.49

15.12

15.73

16.33

T

= 171

= 268

G/L

-

.131

.140

.150

.160

.169

.135

.147

.157

.167

.175

.184

.192

.200

.209

. 6 cm

MHz

T

-

.595

.608

.616

.620

.622

.696

.691

.686

.680

.672

.663

.653

.641

.626

Drift

Drift

QUAD
LENGTH
(cm)
3.8

3.8

3.8

3.8

3.8

3.8

3.8

3.8

3.8

3.8

3.8

3.8

3.8

3.8

3.8

Tube I.D.

Tube Face

QUAD
GRADIENT
(kG/om)*

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

7.0

= 1.5

Angles

ZERO

(MV/M)
-

2.0

2.0

2.C

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

cm

= 10° (cells 1-5)

= 15° (cells 6-1,)

ZTT

(Mf2/m)
-

29.96

31.55

32.63

33.22

33.50

42.37

42.00

41.51

40.80

39.81

38.70

37.52

36.17

34.59

TOTAL
LENGTH
(cm)

0.000

8.26

17.10

26.53

36.54

47.15

58.40

70.31

82.87

96.09

109.95

124.44

139.56

155.29

171.62

1

H*
O
<T\
1
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at 1 mA were done but the Model 4 phase control loop would
intermittently fall out of lock. Tracing the fault to the
analog multiplexer in the computer was a lengthy process.
Problems with the Raytheon power supply necessitated transfer
of both klystrons to Module A power supply and these problems
have not been cured. Other power supply problems inhibited
beam operation but towards the end of the period beam operation
was resumed. The accelerator however is now shutdown until
computer problems discussed in Section 6.2.2.5 have been
solved.

6.2.2.2 Radiofrequency Power Sources

J. McKeown

The splitting and summing of radiofrequency at high
power is likely to be an important field of interest over the
next few years and a first experiment was done with a hybrid-
tee. The power from one klystron was fed to one arm of the
tee and split between Model 3 and a wide-band water load.
Power measurements were taken in all four arms of the hybrid-
tee. The experiment was to investigate the precision of equal
division of power and to investigate conditions for routing
reverse power from Model 3 into the fourth port of the hybrid.
At 80 kW the power difference between the loads was less than
20% but was terminated when the wide-band water load failed.
During failure this load was probably also reflecting power
and the power observed did not correlate well with Model 3
reversed power. The experiment will be repeated.

The quotations for the 300 kW klystrons have been
received and discussions with possible vendors are in progress.
The quotations for the HV power supplies have been issued.
Plant Design Division has been asked to provide the necessary
engineering assistance and project supervision.

6.2.2.3 High Power Pancake-Coupled Structure

S.B. Hodge and J. McKeown

An instrumentation fault led to inconsistent readings
while cutting the iris. When the problem was identified the
iris size was 55 cm^ giving a voltage-standing-wave ratio of
2.7. Critical coupling would not be achieved with this large
iris until a beam current of 55 mA was reached. Because of
the experimental nature of this structure it was judged that
the reverse power at this coupling may make commissioning
more difficult. It was therefore decided to remove the 0.62 cm
thick plate and manufacture a new iris. A new iris plate was
made and brazed to the rf adaptor. The joint formed however
was not leak tight and complications were encountered during
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multiple brazes. The joint between the stainless steel flange
and copper opened and major leakages were found around the
entire assembly. The component is beyond repair and a com-
plete new copper section must now be made.

The rf tuner assemblies are complete and fabrication
of the tank stand is near completion.

6.2.2.4 Computer Data Acquisition and Control System

K.C.D. Chan

Occasional crashing of the computer system and
failure of dumping data onto magnetic tape had been occurring
at the beginning of this period. Due to the sporadic nature
of these problems, the cause, a faulty memory board, was
not discovered until the end of this period. At the
same time, there were malfunctions of cassette tape drives
and the console TTY ASR35 is being replaced by a KSR33
provided by Perkin-Elmer until parts for ASR35 are available.

The growing obsolescence of the Perkin-Elmer Model
70 computer and the lack of software support for the RTOS
operating system is causing some concern. Ways of upgrading
without major interruption of the experimental program of ETA
have been studied. The possibility of adopting the new
operating system OS16MT2 is under review.

6.2.3 Fertile-to-Fissile Conversion Experiments at TRIUMF

B.D. Pate (University of British Columbia), I.M. Thorson,
F.M. Kiely (Simon Fraser University) with J.S. Fraser

6.2.3.1 Water Bath Measurements

A pair of experimental bombardments - one with bare
foils and one with cadmium covered foils - were done with 480
Me\/ protons on the UO2 target described previously. Manganese
foils (88% Mn, 12% Ni) were used at all points and the induced
2.6 hour neutron capture activity was assayed using the Ge(Li)
spectrometer system. The analyses of the data are not yet
complete.

6.2.3.2 Conversion Experiments

Work continued on stripping the spectia to give
peak intensities and energies for the data taken in previous
periods. Tabulation of these data along with decay times and
other detection system parameters is now complete for most of
the data in hand.
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6. 3 Research Applications

6.3.1 Fast Intense Neutron Source

J.D. Hepburn

12Work continued on the 4 x 10 n/s neutron source for
the Health Physics Branch-

Repairs were completed to water cooling lines on .
the quadrant aperture. The lines had eroded after long-term
use. The accelerator system commissioned quickly, and the
facility is now operating more reliably than before.

Delivery of two prepared target drums from Union
Carbide at Oak Ridge (one having only a titanium layer, the
other being fully tritiated) has been promised for early in
the next quarter.

Fabrication of the new target system has been
delayed by a low priority for brazing of the drum; work will
resume shortly.

6.3.2 Heavy-Ion Superconducting Cyclotron

J.H. Ormrod

Design and development of a superconducting
cyclotron for a post-tandem accelerator continues. The magnet
is dismantled to modify the cryostat for the radiofrequency
accelerating system and to drill the flutter poles for the
remaining 80 trim rods.

6.3.2.1 Code Development

£.A. Heighway and L.R. Lewis

A code OFGEN has been written which, using fields
calculated by MAGHILL and POISSON, creates a complete set of
field maps which span the region from the inner measured maps
out to the yoke wall. Such maps will be required to cal-
culate the detailed extraction and injection orbits following
the next set of field measurements. Also the code TRIUMFTWO
has been modified to examine simultaneously the inner measured
maps and the new calculated outer maps. The code can be used
to select by interpolation a matched pair of maps for a
selected ion. The outer map of such a pair will be tailored
to blend smoothly with the inner map and can be renormalized
if required by fitting to fields to be measured along the
injection and probe holes. Maps of this type have been
successfully made to allow examination of the effects of
relocating the electrostatic deflector.
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A code COILS has been written which will calculate
the fields from coils and/or steel whose shape can be
expressed as arcs of circles. Midplane reflection symmetry
and any azimuthal syirunecry is assumed. The code is an exten-
sion of the work of C.H. Westcott (Atomic Energy of Canada
Limited, Internal Report CRNL-1224, C.H. Westcott, 1974,
unpublished) and was prompted by the requirements of
M.K. Craddock (M.K. Craddock, IEEE Trans. Nucl. Sci., NS-26,
No. 2, 2064 (1979)).

6.3.2.2 Cryogenic System

6.3.2.2.1 Cryostat Modifications

J.A. Hulbert

Four of the five panels for the cryostat inner wall
are assembled and the fitting and leak testing of the panels
is in progress.

6.3.2.2.2 Cryopump

J.A. Hulbert

The prototype cryopump has a very limited cryogen
capacity because of restrictions on the allowed electrical
capacitance between the valleys and the dees. Operation of
the rf system reveals a geometric imbalance which is corrected
by balance capacitors. If the balance is corrected by moving
the (rf) valley floor at the pump locations then the pump
cryogen capacity may be increased about four-fold and the
effective pump area enlarged by 30-50%. A new pump has been
designed to take advantage of the space increase and with a
higher conductance fore-baffle.

6.3.2.3 Magnet

6.3.2.3.1 Orbit Dynamics

E.A. Keighway

The search for modifications to the flutter pole
geometry has continued in parallel with extraction calculations
which include the field perturbations generated by the
extraction channel components. A configuration has now been
found which gives good isochronism and good vr at the entrance
to the electrostatic deflector for carbon 23 MeV/u, carbon
47 MeV/u and uranium 10 MeV/u»
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6.3.2.3.2 Trim Rods

J.H. Ormrod

When the magnet is re-assembled, all of the trim
rods will be installed and the rods in one of the upper
quadrants will be motor driven under computer control.
Stepping motors are now the preferred choice of driver for
all of the trim rods in this quadrant. The change from dc
motors for driving the inner twelve rods was prompted both
by costs and compatibility with the computer control system.
The design of the motor drive unit has had several changes
following tests on the single rod driver mockup. Detailed
design is now complete and the unit is being fabricated.

All of the trim rods and their holders have been
fabricated. Installation of the rods awaits receipt of the
flutter pole assemblies that are having the remaining trim
rod holes drilled.

6.3.2.3.3 Magnet Instrumentation

H.R. Schneider

Maintenance of the superconducting state in the
magnet coils is monitored by a microprocessor-based electronic
system that scans the voltage taps on each of the 32 double
pancake windings in the coil. A number of modifications have
been made to this system. New low-noise/ low-drift amplifiers
have been installed in the voltage tap channels to permit more
sensitive monitoring of normal transitions in individual
pancake windings. Three additional channels have been
installed to monitor voltage taps on the three current leads
into the coil. With these voltages and simultaneously
measured magnet currents, a lead resistance that is propor-
tional to lead temperature is computed by the microprocessor.
The microprocessor program has been rewritten to accommodate
the lead monitoring and also to permit dual alarm levels on
all channels. Any channel exceeding its first alarm level
will actuate an audio alarm and on exceeding its second level
will cause an automatic discharge of the magnet. A printer
is now included with the electronics to identify and record
readings of any alarming channels.

6.3.2.3.4 Magnet Interlock

H.R. Schneider

A new magnet interlock chassis has been designed.
The new unit will have display light indicators that are
consistent with the interlock indicators on the power supply.
It will also provide interlock status outputs for future use
in computer control.
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6.3.2.3.5 Magnet Power Supply Cooling System

H.R. Schneider

A closed loop cooling system for the magnet power
supply, designed by Plant Design, is currently under con-
struction. This system should alleviate the problem of
blocked cooling lines in the power supply because of excessive
particulate matter in the service water. The temperature of
the cooling water to the power supply is regulated above the
dew point so condens-tion on some high power electronics in
the power supply is prevented.

6.3.2.3.6 Ground Fault Elimination in Magnet Coil

J.A. Hulbert and L.F. Birney

Application of the specially developed magnetic
tool for removing ferro-magnetic particles from the upper
coil was assisted by the use of a 2.8 m long fibrescope
borrowed from Quality Control Branch. Each of the 96 cooling
slots was swept four times. After sweeps two and three a
small electromagnet was moved around the coil bore, outside
the helium vessel, to dislodge particles trapped behind the
coil clamp heads. The total mass of debris removed from the
coil was less than 110 mg. It proved necessary to drill only
three holes into the upper helium vessel to obtain access to
all the slots, although special tools had to be devised to
enter the slots around the coil leads. The debris removed
by the magnetic sweeper contained a quantity of non-conducting
and non-magnetic residue but to be sure that as much conducting
material was removed as possible the outer perimeter of the
coil winding was cleaned thoroughly with a specially devised
"vacuum cleaner".

On completion of the cleaning the coil resistance
to ground was measured to be greater than 3000 M°. at 300 volts.
The access holes have now been closed with welded plugs and
leak tested. The superinsulation has been restored and all
necessary perforations in the radiation shield cut.

6.3.2.4 Accelerating Structure

C.B. Bigham

Further testing of the accelerating structure still
awaits completion of modified tuner components. The outer
conductors are expected to be completed early in the next
quarter. The rf contacts have been made and the other com-
ponents are almost complete.
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The new control circuits have been partially tested
operating the upper resonator. One cryopump was then installed
in the structure for rf leakage tests but the upper tuner
failed during rf commissioning so that the leakage tests
could not be completed. However, some vacuum tests were done
and these indicate that a higher pumping speed will be
needed to achieve the vacuum required for heavy ion
acceleration.

Modifications to the screen and grid bypass
capacitors did not supress the 1.1 GHz parasitic in the power
amplifier. A limiting circuit has been installed to prevent
"run-away" so that testing can continue over most of the
frequency range until a method of supression is found.

6.3.2.5 Extraction

C.R.J. Hoffmann

High voltage experiments on components of the
electrostatic deflector system continue. The cable termination
problem has been resolved. Charging of the teflon dielectric
appears to be the root of the problem. It was demonstrated
that high leakage currents (£ 100 yA at 80 kV) disappeared
when the vacuum pressure was raised to ^ 10~3-10~4 Torr(lO"1-!©"2 Pa)
Leakage current did not increase when the pressure was sub-
sequently lowered, until a spark was induced (by increasing
voltage). This behaviour was interpreted as cable dielectric
charging via secondary electron emission, thereby causing
field line distortion and consequent stress enhancement at
an emitter on the cathode. Pressure increases allow surface
sparking which discharges the dielectric and restores the
pre-charging field line configuration. These effects were
avoided at 100 kV by bonding a boron nitride sleeve over the
cable teflon in the region of the termination. Reliable
operation at 100 kV without significant leakage current or
x-radiation resulted. These sleeves did exhibit charging
effects at 130 kV. These experiments also confirmed the
importance of shielding the cathode-insulator-vacuuirt junction
and of taking account of the propensity of teflon to creep.

Extensive beam trajectory calculations have been
done to assess the effects of perturbations from magnetic
extraction elements on extraction of U+33 at io MeV/u and
C + 6 at 47 MeV/u. The field edge is significantly modified
causing lower magnetic field, lower vr and larger phase slip
at the extraction system entrance. Deflection calculations
show that the electrostatic deflector can be moved radially
inwards 5 mm, which substantially improves vr and phase slip
at the extractor entrance and does not require an excessive
deflector voltage (<• 84 kV) . The entrance to the main
magnetic channel does not change.
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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 - 99.0%
Reactor Physics Branch - 1.0%.

6.4.1 Injector Test Experiment

A number of components were fabricated for the high-
voltage-dome water jackets for the arc supply resistors, a
gas cylinder stand and power supply controls rods. Modifica-
tions were made to the magnet yoke, the ion source gimbal
flange and to the diffusion pump adapter flange. A beam line
tube section and some beam line windows were fabricated.
Some adapters for the plumbing system were machined.

6.4.2 Ion Source Development

A new clamped and O-ring-sealed extraction column
with electrodes, two extra plasma aperture plates and two
bucket electrodes for the Mark II ion source were fabricated.
A Langmuir probe holder was machined and repairs were made
to the decel electrode of the old extraction column.

6.4.3 High Current Test Facility

A test jig consisting of a section of the Alvarez
tank copper/steel plate with 6 drift tube stem penetrations
was fabricated to test soft solder bonding of new drift tube
stem collars to the tank wall. A suitable soldering process
was developed and a complete set of new collars and solder
preforms were fabricated. These were installed on all of
the drift tubes in the tank.

The test loop model was modified for adjustment
to critical coupling.

Several components were fabricated for the rf
system dc power supplies and system electronics.

Stiffening brackets were fabricated and welded to
the buncher cavity end walls to restrict excessive vacuum
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deflection. The first attempt to braze the end wall to the
cavity body was unsuccessful due to end plate distortion.
Several reheats and additional machining were required to
correct for stiffening bracket stress deformation and a
vacuum port braze failure. On rebrazing the end plate,
further distortion occurred. This was repaired by clamping
but resulted in the frequency being pushed low. Further
retuning by opening the gap between the centre noses is being
attempted.

A test drift tube was modified and assembled to
replace one that had developed a water-vacuum leak in the
Alvarez tank, and three new spare drift tube bodies were
brazed.

A slit and current plate assembly was fabricated
for the high energy emittance measuring unit.

6.4.4 Electron Test Accelerator

Two S-band brass cavities were fabricated to test
computer predictions of almost 5% electric coupling with the
relatively large beam hole necessary for use in electron
storage rings.

The frequency shift observed on the final brazing
of the fourth-harmonic beam position monitor were investigated
using the monitor built for testing at the University of
Saskatchewan linac. No systematic effect after several heat
runs without brazing was observed. A new method of after
braze tuning using inserts in the beam hole will now be tried.

After several failures to provide a final vacuum
seal on the rf adapter for the Model 5 tank, the adapter
was machined for low power testing only. The manufacture
of a new adapter has begun and is ready for initial brazing.

6.4.5 Heavy-Ion Superconducting Cyclotron

Modifications were made -to the tuning capacitors
and rf pick ups in the experimental model of the low energy
buncher required for the superconducting cyclotron system.

The cleaning tool for removing metallic contamination
in the magnet coil region was completed, and some cryostat
blanking plugs and graphite plating brushes were made.

Final modifications to the gear driven trim rod
mock-up were carried out and a drill jig for mounting the
trim rod drives was fabricated.
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6.4-6 Fast Intense Neutron Source

The water-cooling lines on the quadrant aperture
were replaced because several leaks appeared due to erosion
of th : tubing because of continuous service water flow.

6.4.7 Reactor Physics

Four control rods in ZED-II reactor were repaired
and a supply of aluminum sample foils and holders were made.

6.5 Publications, Reports, Papers, Lectures and Patents

Publications

HIGH-BETA LINAC STRUCTURES
S.O. Schriber
Proceedings of the 1979 Linear Accelerator Conference,
Brookhaven National Laboratory Report BNL-51134, p. 164 (1980)
Also Los Alamos Scientific Laboratory Report LA-UR-79-2498.

LIMITATIONS OF THE DISK-AND-WASHER STRUCTURE
S.O. Schriber and J.M. Potter
ibid., p. 176.
Also Los Alamos Scientific Laboratory Report LA-UR-79-3375.

BEAM LOADING EXPERIMENTS WITH A SIDE-COUPLED STRUCTURE
G.E. McMichael, J. McKeown and J.S. Fraser
ibid., p. 180.

CONDITIONING EXPERIMENTS ON THE 100% DUTY FACTOR 3 MeV
ALVAREZ LINAC
B.G. Chidley, J. Ungrin and J.C. Brown
ibid., p. 360.

DESIGN CRITERIA FOR HIGH VOLTAGE HIGH CURRENT ACCELERATING
COLUMNS
J.D. Hepburn, J. Ungrin, M.R. Shubaly and B.G. Chidley
ibid., p. 448.
Also Atomic Energy of Canada Limited, Report AECL-6745.

Papers

SPARK-RESISTANT DESIGN FOR HIGH VOLTAGE, HIGH CURRENT
ACCELERATING COLUMNS
J.D. Hepburn, M.R. Shubaly and J. Ungrin
Presented at the Conference on Low Energy Ion Beams (LEIB-II),
Bath, England, 1980 April 14-17.
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A HIGH CURRENT DC HEAVY-ION SOURCE
M.R. Shubaly
Presented at the Conference on Low Energy Ion Beams (LEIB-II),
Bath, England, 1980 April 14-17.

THE CHALK RIVER SUPERCONDUCTING HEAVY-ION CYCLOTRON
J.H. Ormrod
Presented at the Canadian Association of Physicists Congress,
Hamilton, Ontario, 1980 June 16-19.

NEUTRON PRODUCTION IN THICK TARGETS OF LEAD, THORIUM AND
URANIUM BOMBARDED BY 480 MeV PROTONS
J.S. Fraser, P.M. Garvey, J.C.D. Milton, F.M. Kiely,
I.M. Thorson and B.D. Pate
Presented at the Symposium on Neutron Cross Sections from
10-50 MeV, Brookhaven National Laboratory, 1980 May 12-14.

LIMITATIONS OF THE DISK-AND-WASHER STRUCTURE
S.O. Schriber and J.M. Potter
Presented at the 1979 Linear Accelerator Conference,
Brookhaven National Laboratory, Upton, NY, 197 9 September 10-14,

THE CHALK RIVER SUPERCONDUCTING CYCLOTRON - PROGRESS REPORT
JUNE 1980
J.A. Hulbert, C.B. Bigham, E.A. Heighway, C.R.J. Hoffmann,
J.H. Ormrod, H.R. Schneider and Q.A. Walker
Presented at the 17th European Cyclotron Progress Meeting,
Karlsruhe, West Germany, 1980 June 26-27.

Lectures

HIGH CURRENT ACCELERATOR DEVELOPMENT AT CHALK RIVER
M.R. Shubaly
Seminar presented at Kernforschungzentrum Karlsruhe, Federal
Republic of Germany, 1980 March 05.

HIGH CURRENT ION SOURCE AND AqCELERATOR DEVELOPMENT AT
CHALK RIVER
M.R. Shubaly
Seminar presented at GSI, Darmstadt, Federal Republic of
Germany, 1980 March 18 and at SIN, Villigen, Switzerland,
1980 March 24.

REVIEW OF THE SUPERCONDUCTING CYCLOTRON PROJECT AT CHALK RIVER
J.A. Hulbert
Seminar presented at KFA, Jiilich, West Germany, 1980 June 10.

THE DISK-ANDrWASHER STRUCTURE
S.O. Schriber
Seminar presented at KFK, Karlsruhe, West Germany, 1980 June 30.

The lectures listed above may not be available in print.
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