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SUMMARY

J.C.D. Milton

1.1 Nuclear Physics Research

TASCC Facility Progress

The rebuilt tandem column members have been returned by High Voltage
Engineering Corporation and reassembled. Complete reassembly of the tandem
accelerator is scheduled for late August. Beams of oxygen and carbon have
been obtained under computer control from the new ion source system.

The injection and by-pass beam lines have been assembled and are under
automatic control except for two short sections adjacent to the cyclotron
that await completion of the cyclotron. All dipoles have been tested and
commissioned and 60% of the quadrupoles. The beam diagnostic procedures and
programs for injecting into the SCC have been developed in detail and await
operational testing.

The Safety and Radiation Monitoring System has been installed and about half
commissioned. The first draft of the submission to the AECL Accelerator
Safety Committee has been completed.

The new Perkin Elmer 3230 Data Acquisition System has operated with the new
data scanner and adapted to analyze data taken at the National
Superconducting Cyclotron Laboratory (NSCL) at MSU. The system will be
relocated in the Control Room during August.

A draft RFA for TASCC Phase II has been prepared. All Phase II beam lines
have been laid out and detailed design completed for half the system.

Relocation of ISOL is nearly complete.

The RFA for the 8n spectrometer was approved by the Board of Directors on
1984 June 29 and procurement is proceeding rapidly. Work is progressing
well on the interim, large (1.75 m), scattering chamber and the forward
angle detector array.

Research Activities

Good progress has been made on experimentally testing the prediction for the
uniformity of the resolution of the Tt/2 beta spectrometer resolution in the
neutrino mass experiment under conditions of extended source and detector.
The second order theory for the line shapes has also been tested by a Monte
Carlo program and promises to be a powerful tool for investigating the
effects of possible misalignments. A new vastly improved vacuum system has
produced deuterated titanium foils that indicate a good possibility exists
for making the required titanium tritide source. Metalizing the thin
polypropylene windows of the detector has greatly decreased the leakage
rate, but double windows may still be necessary.
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Careful study of systematic effects in the ±8F parity mixing experiment at
Queen's have reduced these below the statistical uncertainties appropriate
to 2000 hours of data taking- The present uncertainty in the circular
polarization is +7x10" to be compared with 12x10" for the combined
uncertainty of all previous measurements. The experiment is continuing.

Data taken at NSCL on the reaction of 35 MeV/u '''N on a silver target in
search of intermediate mass fragments are being analyzed on the new Perkin
Elmer 3230 system with the aim of determining the origin of such fragments.
In a second experiment at NSCL a 30 MeV/u X beam on gold was used to look
for snulti particle events, or jets.

In an experiment at the Lawrence Berkeley SuperHILAC, the precession in thin
gadolinium of high spin states of Hf and Yb has been studied in order
to obtain information on the magnetic moments of the states.

Experimental modifications have been finalized in preparation for an
extended series of measurements of parity violation in the photodisintegra-
tion of the deuteron at the Electron Test Accelerator. All 20 boron ion
chambers have been calibrated and installed on the D ;0 tank; the liquid He
cryostat for the electron source pumping system has been replaced by an
efficient cryopump that greatly improves the vacuum, reduces maintenance and
increases the source lifetime. Other changes include on-line control
program improvements, and circuitry for increasing the stability of ETA.

The CRNL bremsstrahlung raonochromator at the University of Illinois has been
used successfully to measure simultaneously the (y,f) and ( y, y' ) cross
sections of u with »12 keV resolution.

Participation by CRNL in international radionuclide standardization measure-
ments was continued: results for a standard Ba solution were reported to
the Bureau International des Poids et Mesures.

The soliton bag model for hadrons has been extended to include the chiral
symmetry property. Excellent progress has been made with the program COLSYS
in solving the three Dlrac equations for the quarks coupled to the
Klein-Gordon equations for the solitons and pions. With only two free
parameters, good agreement with experiment is found for the nucléon mass,
the mean square charge radii, the axial vector and TI nucléon coupling
constants and most of the isobar masses. The nucléon properties do not seem
to be tightly tied to quark confinement.

In extending the previous work on meson exchange currents from zero to
finite momentum, an attempt was made to work in momentum space to avoid the
numerical evaluation of double integrals. While analytic expressions were
found, the convergence of the summation is sufficiently poor that the
numerical double integral technique is faster.

A book based on the discussion at the workshop on Kaluza-Klein theories held
here last August has been prepared and will be published in August. Among
other things the book contains new English translations of the two classic
papers by Kaluza and by Klein.
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New, powerful methods for regularizing divergent Feynman integrals have been
developed and applied to «normalizing the Schwinger-Dyson Equation for soft
gluons. They have also been used to produce tables of these integrals
appropriate to the axial and light-cone gauges.

1.2 Accelerator and Applied Physics

Research Applications

Heavy-Ion Superconducting Cyclotron

The complete set of insulated refrigerant transfer lines has been assembled
and tested.

The main magnet cryostat has been opened up and modified ready to receive
the magnetic beam extraction channel.

The rf amplifier has been commissioned in Building 137.

Service piping for vacuum, helium, air and cooling water around the
cyclotron yoke is .complete.

The low energy and high energy bunchers are complete and the development of
their control systems Is well advanced.

Both cryopumps for the midplane vacuum system are assembled and tested.

The foil loader, unloader and magazine mechanisms are complete and
undergoing mechanical tests.

An rf suppression system for the electrostatic deflector drive cable has
been demonstrated.

Development of a Nb-Ti wound magnetic extraction system is complete. All
modules have been wound and tested under operating conditions. The assembly
of the full magnetic channel is nearly ready for test in the channel test
cryostat prior to installation in the cyclotron.

Assembly of the diagnostic probes continues. The control hardware has been
completed and control software is now making good progress.

All the trim rod drives are installed on the yoke, and are undergoing
commissioning tes ts.

Further improvements to the SUPERGOBLIN orbit code make it easer to use.

Five representative ions have been tracked through the cyclotron and
extraction system, starting at the stripper, using SUPERGOBLIN.
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a) High Current Proton Accelerator

ZEBRA has been postponed indefinitely.

125 mA of 0 has been extracted from a seven aperture ion source.

A study of background gas ionization showed that this effect would reduce
the RFQ1 current limit by only 3% for the planned 0.1 mPa pressure.

Two computer programs using finite element models have been written to
determine rf potentials and particle trajectories in an RFQ structure.

A cylindrical high power rf window is under construction.

The completed RFQ sparker experiments demonstrated the importance of OFHC
copper pole tips, the attainment of greater than 2*Kilpatrick criterion
fields and the usefulness of x-rays and light emitted during operation as
diagnostic tools.

Construction of a four rod RFQ structure at 108 MHz has started..

Changes in the RFQ structure for the RFQ1 experiment include a redesign of
the outer jacket and removable vanes employing knife edge joints to a
racetrack shaped copper gasket.

b) Electron Test Accelerator

The accelerator worked well in support of the transient BC1 experiment; peak
currents up to 50 mA were drifted through the third harmonic test cavities
and beam blow-up modes were observed.

A conceptual design study of a Radiation Processing Electron Linear
Accelerator RAPELA was completed.

Calculations on bremsstrahlung yields from 5 MeV electrons incident on
tantalum were carried out.

A simple experiment to measure bremsStrahlung yield at 10 MeV yielded a
value about 25% higher than calculations, indicating a need for further
s tudy.

The average energy gradient limit imposed by thermal stress analysis was
found to increase as the fourth root of the frequency using the finite
element code MARC.

1.3 Condensed Matter Physics

Neutron diffraction measurements of internal strains in the radial and
transverse directions in Incoloy-800 steam generator tubing have been made
to complement the previously measured longitudinal strains. Texture
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measurements in a sample of 36" pipeline steel are being made in preparation
for similar internal strain measurements in this material, particularly in
the weld region.

Differential thermal analysis techniques have been used in conjunction with
neutron scattering in an attempt to determine^ the physical basis for the
very different psychoactivities of A - and A -cannabinols incorporated in
phospholipid membrane material. A search has begun for a low frequency.and
low wave vector excitation arising from the condensate atoms in liquid He
at T=l K. Preliminary results are extremely promising. Further
satisfactory progress has been made in the development of a comprehensive
theory of vacancy formation energies in disordered alloys.

No sharply defined magnetic excitations have been found in neutron inelastic
scattering measurements on ferromagnetic USe at 4.2 K. up to a frequency
16 THz. Instead, a broad wave vector dependent magnetic response was
observed, similar to that seen in US, that probably arises from strong
spin-orbit coupling effects. Heavy fermion superconductivity in materials
such as UPt 3 and UBen is expected to give rise to anomalous magnetic
scattering effects characteristic of triplet superconductivity at
temperatures well below 1 K; however, neutron scattering experiments to
observe these effects have so far been unsuccessful- This kind of
experiment will be' greatly facilitated by the acquisition of a specially
designed He dilution refrigerator, NSERC funds for which have recently been
received by a group from 3 Canadian universities.

Good progress is being made in obtaining quantum corrections to the
classical dynamic structure factor S(Q,<JJ). Such an improved theory is
required to interpret slow neutron scattering experiments on liquids.

A review article on the theory of the momentum distribution function for
atoms in condensed matter has been written. In the course of the work it
was discovered that the gaussian distributions obtained in recent
experiments on solid He could be accounted for. A table of consistent
thermal-neutron scattering lengths and cross sections has been assembled and
published in a form suitable for application in condensed matter research.

It has been found that any multiple-scattering energy-loss process for heavy
ions in solids can be calculated, much of it analytically, by the steepest
descent method and energy loss moments.

1.4 Applied Mathematics and Computation

It has been concluded that 1/f noise cannot contribute to fluctuations in
alpha-decay rates, although it may alter the observed rate. The change is
however very small, 1 in 10 , and is likely unobservable.

The new and more powerful version of MARC (MARC-K1) has now been installed
and has proved useful in model rock mechanics problems at the URL at WNRE.
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A special purpose finice element program, FLUSH, to solve soil structure
problems has been installed at the request of civil engineers at CRNL and
CANDU Operations.

The Nicolet-Zeta four-color pen plotter has replaced the four older Calcomp
plotters.

The CRNL Computing Centre and its users (including HTFS subscribers) can nr.j
make ready use of Datapac. Networks in the US, UK and Switzerland are now
routinely accessed at reasonable cost.

Considerable work has been done and progress made in evaluating and learning
to use a large number of codes (EGS-3, ECS-4, ETRAN, SANDYL) for the
transport of electrons and photons in complex 3 dimensional geometries. In
addition a comprehensive neutron and photon cross-section library has been
set up for use in photon and neutron transport calculations with MORSE- The
neutron library contains data on 61 materials in the energy range 10~ eV to
14 MeV; the photon library, 47 materials in the range 10 keV to 14 MeV.

The computer simulation of ultrasonic testing of metals has been markedly
improved (half the storage and twice the speed) enabling significantly more
difficult problems to be tackled. The program has been used to predict the
variation of response with crack size, orientation, sample geometry and
pulse intensity. Many applications are anticipated.

Aspects of bubble behaviour in subcooled flow boiling have been investigated
for the SLOWPOKE heating reactor. Good agreement with experiment was
obtained.

A new system library has been established that controls and monitors usage
and establishes standard access and maintenance procedures.

The Harwell MA32 routine for matrix solution of asymmetric systems of
equations has been installed. The new routine reduces array sizes
appreciably and is well-suited to finite element problems.

Utilization of the Computing Centre during the first half of 1984 was:
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Corporate Head Office
Radiochemical Company
Chemical Company
Engineering Company
WNRE
CPRS

CRNL:
Computing Centre
Contracts
Information Services
Health Sciences
Chemistry & Materials
Physics
Electronics, Instrumentation
& Control

Advanced Projects
& Reactor Physics

Fuels & Materials
Administration
Finance
Operations
Maintenance & Construction
General Services
Plant Design
Special Projects
Environmental Authority
Commercial Operations
Quality Assurance
Others

Percentage of
Number of Jobs

1.23
0.42
0.22
12.80
5.41
0.05

20.94
0.74
0.44
5.88
1.83
7.65

Percentage of
Total Utilization

1.23
0.14
0.09
10.38
6.97
0.01

13.97
1.11
0.53
3.26
1.98
7.52

0.89

18.77

11.31

25.45

10.25
1.15
2.83
3.25
0.00
0.43
0.91
2.86
0.30
0.59
0.13
0.03

5.90
0.49
1.64
5.10
0.00
0.14
0.52
1.75
0.18
0.26
0.04
0.02
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2.1 STAFF

Professional Staff

SECTION I

Branch Head: J.C. Hardy

Accelerator Group

J.C. Hardy
T.K. Alexander
H.R. Andrews
G.C. Bail
G. Audi (1)
R. Bougault (2)
W.G. Davies
J.S. Guo (3)
E. Hagberg
D. Horn
H. Schmeing
P. Taras (4)
D. Ward

Technical Staff

N.C.
R.L.
L.H.

Bray
Brown
Bucholtz

P. Dmytrenko
J.L.
J.J.
R.E.
Â.S.
A.P.
P.J.
J.P.
W.L.
F.J.
M.J.
M.G.
J.S.

Gallant
Hill
Howard

C. Hyde
Jarvis
Jones

D. O'Dacre
Perry
Sharp
Shea
Steer
Wills

SECTION II

R.L. Graham
J.S. Geiger

Beta-Ray & Computer Control Group

W.F. Slater
L.V. Smiths
R.B. Walker

Students

B. St. Jean (5)
R.K. Heaton (6)

A. Moreau (7)
L.D. Romanowich (8)

Laboratory Services and Workshop

A.R. Sprake
R.W. Stalkie

Secretarial Staff

D.L. Brookes
R.J. Elliott
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(1) Visiting Scientist from Laboratoire René Bernas du CSNSCM, Orsay, France;
sponsored by National Research Council of Canada; reported
1984 February 27.

(2) Post Doctoral Fellow

(3) Visiting Scientist from Institute of Modern Physics, Lanzhou, The People's
Republic of China; reported 1984 February 23.

(4) Attached (part time) from the Université de Montréal.

(5) Student, attached from CEGEP de la Pocatière; reported 1984 May 22.

(6) National Summer Student from Queen's University; reported 84 May 07.

(7) National Summer Student from McGill University; reported 84 May 07.

(8) National Summer Student from Saskatchewan University; reported 84 May 04.

a'Also has responsibilities in Nuclear Detectors and Metrology Section of
the Neutron & Solid State Physics, Branch.
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2.2 Source Preparation for the Neutrino-Mass Experiment

H.R. Andrews, J.L. Gallant and P. Dmytrenko with H.H. Plattner (Solid
State Science Branch)

The improved vacuum system mentioned previously (PR-^-138: 2.12; AECL-8267) has
been completed and used to prepare Ti layers under pressures 10 to 100 times
lower than_ hefore. A series of 6 samples, with Ti thickness from 1.53 to
2.43 (Jg.cm , as determined by Rutherford scattering, was prepared by evap-
oration in a vacuum followed by deuteration; the deuterium content was deter-
mined with the reaction H( He,p) He as described previously (ibid). The re-
sults are given in Table 1. These data show a very good linear relationship
between H and Ti areal densities with a zero intercept at 1.3 jig.cm of Ti
and a slope corresponding to the composition TiD^ ^̂ « These results are en-
couraging in that 1) the relationship between deuterium content and Ti thickness
is very smooth and linear and 2) that the minimum required deuterium loading of
10 ng.cm occurs at a Ti thickness of about 1.5 ug.cm

One of these samples on an Au backing has been submitted for an Auger electron
analysis to determine the depth profiles of Ti and 0. Another set of samples is
in preparation for which the Ti layers will be laid down In a deuterium atmos-
phere.

Table 2.2.1
Results of Ti and D determinations on thin evaporated Ti layers

Ti thickness Deuterium thickness
(jjg.cm ) (ng.cm )

1.37 2.4
1.53 12.8
1.73 26.6
1.80 31.8
2.34 60.7
2.43 71.0

2.3 Tests of the Focusing Properties of the n/Z ß Spectrometer Pertaining to
an Extended Source and a Detector Array

R.L. Graham, L. Romanowich, G. Audi and J.S. Geiger with M.A. Lone
(Neutron & Solid State Physics Branch)

It is planned to use an extended multi-element source and a multi-element
detector array in measuring the shape of the tritium ß spectrum near i ts end-
point, i . e . in determining the neutrino rest mass. Use of the extended source
results in increased signal and an associated improved signal-to-background
rat io . The detector array allows data to be collected simultaneously for many
values of electron momentum. The tests described here are being done to verify
the focusing properties that have been predicted for various inclinations of the
source and detector planes with respect to the optic circle (PR-P-133: 4.14).
The aperture-defining baffle was located halfway between the source and the
detector and the aperture was an approximtely rectangular opening » 8 cm wide
and 37 cm high.
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In the first series of tests the detector was a single element proportional
counter 10 cm high and with a 1 mm wide entrance slit. The test sources used
were Yb sources 1 mm wide by 2 cm high prepared by vacuum evaporation onto
thick aluminum backings (section 2.31 of this report). The Lj (109 keV)
internal conversion line at 100 keV was used for these tests. For the first
series of measurements the source was held in a source test assembly (PR-P-136:
2.15) whirh allowed it to be positioned arbitrarily at any point in a planar
area 20 cm wide by 10 cm high. The inclination of the source plane relative to
the optic circle could be chosen at will. The source plane inclination giving
minimum variation in image width with source location was observed to have a
tilt angle of Xi=43° (PR-P-136: 2.15).

In a second series of measurements the source was positioned on the optic circle
and the focused image recorded on photographic film for a series of magnetic
field values chosen to give images over an ra 20 cm width of the film, i.e.
±10 cm from the optic circle intercept. The inclination of the film plane could
be chosen at will. The detector plane inclination showing least variation of
image width with image position was found to be a tilt angle of Xf=43°.

In the third series of measurements the source test assembly was used to allow
arbitrary positioning of the source, the source plane inclination held fixed at
Xi=43°, and the images were recorded on photographic film for series of spec-
trometer currents which walked the image over an K 20 cm width of film. It was
observed that for Xf=43° the dispersion was a relatively strong function of
source location, an observation which seems to exclude simultaneous use of an
extended source and an extended detector for the combination Xi=Xf=43°.
Measurements made for smaller Xf angles indicated a reduced dependence of dis-
persion on source position (Xj.=43°) for XfB10° but with some degradation of
image width away from the centre of the film (optic circle intercept).

Comparison of measurements and predictions is continuing.

2.4 Elastic Proton Scattering on C

T.K. Alexander with H.C. Evans, J.R. Leslie, H.-B. Mak and L.J.M. Ouellet
(Queen's University)

As part of a series of experiments to determine the transition probability of
the AT=0 E2 transition from the Jïï=2+, T=l level at 9.17 MeV to the 0 +

T=l, 2.31 MeV level in l N (see PR-P-138; 2.3; AECL-8267), the differential
cross sections for elastic scattering on C have been measured. These cross
sections will allow a determination of the proton width T that can be
-lombined with our measurement of T Fy/(T +Ty) for the same resonance
to obtain F y.

The elastic scattering yield of 1.740 to 1.760 MeV protons from a differentially
pumped target (H.C. Evans et al., Nucl. Instr. & Methods 192 (1982)143) of CO
gas (99.8 atom % i O has been measured at 0cM=90°> 116°» 141°and 157° with Si
surface barrier detectors. The Ep = 1.748 MeV, Jïï=2+ resonance, which has
not been observed in elastic scattering previously, was clearly observed. The
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width of the resonant features was determined almost entirely by the beam energy
resolution (ra 1 keV) since the target thickness was a 0.1 keV. To obtain
absolute cross sections the CO gas contained a 5% admixture of Xe. This
allowed the yield from C(p,p) to be compared directly with the yield from the
Rutherford scattering from Xe. The relative abundances in the gas mixture were
determined from He elastic scattering yields at E=l MeV. Analysis of the data
is in progress and a high resolution run is planned.

2.5 Investigation of the Lifetime of the 7.012 MeV Level in C

T.K. Alexander with H.C. Evans, J.R. Leslie, H.-B. Mak, P. Skensved and
L.J.M. Ouellet (Queen's University) and V. Jansen (McMaster University)

To determine the isoscalar and isovector components of the AT=0 2 + + 0 + E2
matrix elements for the mass 14 nuclei, the E2 transition probability of the
analogue transition in C (Tz=l) as well as that in N (Tz=0) are needed
(see PR-P-138: 2.3, AECL-8267). The compiled values (F. Ajzenberg-Selove,
Nucl. Phys. A360 (1981)1) for the C 7.012 + 0 MeV transition are x=13±2 fs
from inelastic electron scattering and T<7 fs from DSAM measurements. In view
of this disagreement, we are investigating possible experiments to determine
this lifetime.

A preliminary investigation has been carried out with the inverse reaction
He( 1 IB,p) 1 C. A 100 nA XiB + beam from the McMaster FN tandem was used to

bombard He-implanted Zr, Nb and Au target foils. Coincidences were recorded
between gamma rays detected in a Ge(Li) detector placed at 0° to the beam and
protons detected and identified in a AE-E silicon surface barrier detector tele-
scope also at 0*. The yield curve of the 7.012 + 0 MeV gamma ray was found to
peak at E n g = 30.5 MeV. At slightly higher energies, the Couloumb barrier of
Zr is exceeded and excessive background reactions occur. The 6.728 MeV 3~
level was populated more strongly than the 7.012 MeV level. Since the 6728 keV
gamma ray has no Doppler shift (the lifetime of the 3~ level is 96*11 ps) it
can be used as a reference to determine the shift of the 7.012 MeV transition as
a function of the stopping material.

Unfortunately the maximum yield of the 7.012 MeV Y ray was only about 10
counts/h in the full-energy peak (30 and 15 counts/h in the SE & DE res-
pectively) under conditions optimal for determining the lifetime. Consequently
the data will yield only an upper limit on the lifetime when the analysis is
completed.

2.6 Intermediate-Mass Fragments from the Reaction of 35 MeV/u N with Ag
Target

R. Bougault and D. Horn, with C.K. Gelbke, D.J. Fields, C.B. Chitwood,
D.R. Klesch, W.G. Lynch, and M.B. Tsang (Michigan State University) and
K. Kwiatkowski (Indiana University)

Intermediate-mass fragments have recently been observed in heavy-ion reactions
at 15 and 30 MeV/A (C.B. Chitwood et al..Physics Letters 131B (1983) 289).
These fragments appear to be emitted with energies close to the exit channel
coulomb barrier. To establish whether the origin of such events lies in binary
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reactions or other phenomena, a coincidence experiment (NSCL 83028) was
performed at Michigan State University. The identity and energy of the emitted
fragment was recorded on tape in coincidence with the direction and speed of a
heavy recoil fragment. The data are being analyzed at Chalk River for
colinearity in th<> center of mass of the coincidence events. Modifications to
the Oak Ridge software now permit our Perkin Elmer computer to read tapes from
the MSU VAX 11/750 acquisition system after a suitable translation from 6250 to
1600 BPI.

2.7 Parity Mixing of 0- States in
18,

T.K. Alexander with H.C. Evans, G.T. Ewan, S.P. Kwan, J.R. Leslie, J.D.
MacArthur, H.-B. Mak, W. McLatchie, S.A. Page, P. Skensved, S.-S. Wang
(Queen's University) A.B. McDonald (Princeton), C.A. Barnes (Caltech)
and E.T.H. Clifford (TRIUMF)

The fundamental weak interaction Hamiltonian may be decomposed into four terms
according to the classes of particles taking part in the interaction:
HW=HW

T . +IIWC ., . +HW
H . - (AS=1)+HW„ . . (AS=0)

Leptomc Semileptonic Nonleptonic Nonleptonic
Of these, the fourth term is represented by an effective parity-nonconserving

^NCmeson exchange potential between nucléons, V^NC^ ^he case of the parity-mixed
levels at 1042 keV and 1081 keV in k F corresponds to a T=0 to T=l transition,
which is dominated by pion exchange at low energies; therefore, a measurement of
the degree of mixing, of these two states should yield a value for the weak ir-NN
coupling constant, f .

i fl
The nearest J=0 state to the parity-mixed doublet at 1.0 MeV in F is at 4.75
MeV, which justifies the assumption of two-level mixing. In first order
perturbation theory, the states are expressed as:

1081 > =
1042 > =

0~,0

with e = <0 ,1V

- e

PNC
AT=1

0~,0

0~,0

The mixing of El and Ml
1042 keV states results
these states:

transition amplitudes in the Y
in a net circular polarization

decay of the 1081 and
of the radiation from

P (1042) =
c

(2/ÔEKO\I V^,|O",O>(<O-||EI l+>/<0+ Ml

P (1081) =-(
c

T h e r a t i o of m a t r i x e l e m e n t s , J<0 I J M l i j l > / < 0
deduced from the measured lifetimes of the two sta
enhancement of
depends on the inverse ratio.

s.

= 109 ± 12,
This leads

is
to a strong

Pc(1081) whereas Pc(1042) should be effectively zero since it

Pc(1081)

In terras of the fundamental coupling constants,

keV"1
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The matrix element, <0 ,l|v 0 ,0> , can be deduced from a measurement of the
TT

I o

forbidden ß + decay of Ne. Finally:

P (1081) I = (4.33 ± O.73)xlO3f1.
C ( ÏÏ

l8F P(1081) (-O8±12)xlO 3From previously published results on l8F, Pc(1081) - (-O.8±1.2)xlO 3,
which implies f1^ = (0.19 ± 0.28)xl0 . The theoretical value of f v
according to the Weinberg-Salam-Glashow model of the electroweak interaction
(B. Desplanques et al., Annals of Physics 124 (1980) 449) is:

0 < f 17I < 1.14xlO~
6.

The goal of the present experiment (see PR-P-138: 2.6: AECL-8267) is to measure
Pc(1081) to a statistical accuracy of ± 0.6x10 in approximately 3000
hours of data accumulation time.

The Compton scattering cross section consists of two terms, one of which is
polarization independent (oo), and one dependent on the relative orientations
of the electron spin and Y ray circular polarization vectors (o^):

2 * *
a = 2Tir (a + S .P a ).
cs o o e e l

By observing the number of Y rays transmitted through a magnetic polarimeter for
opposite directions (denoted 0 and 1) of the internal magnetic field, the
circular polarization of the incident Y radiation can be deduced. For the four
detectors (denoted U,D,R and L) the 8-fold ratio:

Ç = (U(O)D(O)R(1))L(1)/(U<1)D(1)R(O)L(O))

determines the polarization Pc from the expression:

Pctanh(n) = (l-C1/4)/(l+Ç1/4); for small n, nPc»(l-Ç)/8 where n,

the circular polarization sensitivity, depends on olt the internal polarimeter
field and the effective polarimeter length.

The elimination of systematic effects that could lead to a spurious measurement
of Pc(1081) is of prime importance to our experiment. Tests have been under-
taken to determine the sensitivity of our apparatus to a variety of systematic
effects, such as beam steering due to residual magnetic fields of the polari-
raeters. A careful analysis of the eight-fold ratios indicates that systematic
effects that are of the same order of magnitude as our accumulated statistical
uncertainty to date (or larger) are unlikely to be present.

Approximately 2000 hours of beam time on the experiment have been completed.
The present statistical uncertainty in the value of the circular polarization is
APc(1081) =

 ± 7.6 x 10 . This uncertainty is significantly less than the
combined uncertainty - 12x10 , of all published results (C.A. Barnes et
al., Phys. Rev. Lett. ̂ 0 (1978) 840; G. Ahrens et al., Nucl. Phys. A390 (1982)
486; and P.G. Bizzeti et al., Nuovo Cira. 29 (1980)167).
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The value of f from the present experiment can be used in conjunction with
19 21 1

other experiments in light nuclei ( F and Ne) sensitive to f and
other weak meson nucleon-nucleon coupling constants to determine the effects of
the fundamental electroweak interaction in nuclei.

2.8 Precession of High Spin States in i68Hf and i60Yb

H.R. Andrews and D. Ward with P. Taras, J. Gascon (Montreal), 0. Hausser
(Simon Fraser), R.M. Diamond, M.D. Deleplanque, F.S. Stephens,
A. Machiavelli, G. Dines (Berkeley)

We have examined the precession of high-spin states in Hf and Yb following
Ti induced reactions on Sn and Cd targets backed by thin gadolinium

foils. The bombarding energy was MeV. Gamma rays were observed in four BGO
suppressed HPGe detectors at ± 65° and ± 115" in coincidence with a multiplicity
filter. The filter comprised eight 3" x 3" Nal (Tl) detectors set close to 90°
and clustered into two groups of four positioned above and below the beam - HPGe
detector plane and centered along the applied field direction. In this
geometry, the multiplicity filter also acted as a weak nuclear spin orientation
selector enhancing the detection efficiency for events in which the nuclear
spins were lying at right angles to the applied field direction. It thereby
enhanced the precession effect (ie the change in the counting rate per unit
precession angle) by an amount calculated to be about a factor of two.

Analysis of the results is presently in progress.

2.9 Multiparticle Correlations In Intermediate Energy
Heavy-Ion Collisions

D. Horn with Z.M. Koenig, G.D. Westfall, G.M. Crawley,
B.E. Hasselquist, B.V. Jacak, J.Wilczynski, K. Siwek-Wilcznska (Michigan
State University) and R.S. Tickle (University of Michigan)

Single-particle inclusive measurements of intermediate energy heavy-ion
collisions have proved inadequate for discriminating between individual-nucleon
collisions as exemplified in intranuclear cascade calculations and the col-
lective motion predicted from hydrodynamics. Though such collective effects
have been observed at 393 MeV/u, no experiments at energies lower by one order
of magnitude have been performed to establish the highly correlated multi-
particle events ("jets") predicted at azirauthal angles of 0° and 180°. The
present experiment, performed at Michigan State University (NSCL-83008) with a
beam of 30 MeV/A C incident on a gold target, is intended to observe such cor-
related light-ion emmission. The reaction plane is determined by a silicon de-
tector telescope for the projectile-like fragments, and light ions are detected
by a 6-eleraent array of CaF2/Plastic AE-E phoswich detectors on the same side
of the beam and a 7-element array on the side opposite to the projectile-like
fragment. The phoswich detectors were calibrated by means of 25 MeV/u
a-particle scattering on a variety of targets. The data are being analyzed at
Michigan State University.
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2.10 1.75 m Vacuum Chamber

D. Horn, M.G. Steer and R. Bougault

The 1.75 m vacuum chamber has been installed at the interim target location in
bldg. 137 and used for preliminary detector tes ts . An excellent vacuum has been
achieved. With both CTI "Cryotorr-8" pumps working, pumpdown to 3 x 10~7 Torr
takes about three hours, and a base pressure of 3 x 10~° Torr is reached after
several days. These figures are for a clean, empty chamber. Performance with
cables, gas-filled detectors, and other equipment in place will be somewhat
worse.

2.11 Forward-Angle Detector Array for Light Ions

R. Bougault and D. Horn

The design goals of this detector array were described in PR-P-138: 2.19;
AECL-8267. A 36-element design has now been established and Bicron Corporation
has agreed to build one complete prototype module consisting of:

- 1 mm-thick CaF2 (Eu) hexagonal wafer scint i l la tor (BC -412), 21 cm long.

- a light guide, providing an adiabatic change from hexagonal to circular cross
section, which will be machined from the same piece of plastic as the hexagonal
sc in t i l la tor . This Teduces the number of optical surfaces in the system.

- a 2" diameter photomultiplier (RCA - 4856)

- a transistorized voltage divider useable in vacuum.

This module will be tested with an electron source before the remainder of the
array is ordered.

2.12 8TI Spectrometer

H.R. Andrews, E. Hagberg, D. Horn, M.A. Lone, H. Schmeing and D. Ward
with P. Taras and J. Gascon (Universite de Montre'al) J.C. Waddington and
G. Palaraeta (McMaster University), V. Koslowsky (G.S.I.) and 0. Hausser
(Simon Fraser University)

The 8n spectrometer (see AECL-8329) will comprise an array of 20 hyperpure
Germanium detectors equipped with Compton suppression and an inner, nearly
spherical, shell of 72 detector elements arranged to capture most of the y
radiation emitted in a nuclear event. This shell or hollow core measures the
total Y~ray energy, f-ray multiplicity, and the spin orientation of the
radiating nucleus for each single event, thereby vastly increasing the
specificity of the suppressed array. Both the core and suppressors will be
fabricated of Bismuth Germanate (BGO), a revolutionary scintillator only
recently available in commercial quantities.

The suppressed array will accumulate 2- and 3-fold y-coincidence spectra of
superb quality at rates an order of magnitude faster than any existing device.
In conjunction with heavy-ion beams from TASCC, the instrument will lead to
major advances in understanding nuclear structure, particularly at high angular
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momentum and excitation energy. Because the 8TI spectrometer is such a versatile
Instrument, it will also have a large impact on investigations of reaction
dynamics as well as in many other fields where there will be new opportunities
for studying rare decay modes.

The proposal is a collaborative effort between university and CRNL staff, and
costs will be shared approximately equally between NSERC and AECL. We expect
the instrument to be used by at least 19 researchers from the universities, 12
from AECL and 5 from NRC.

Both the NSERC and the AECL contributions to the funding of this project have
now been approved.

2.13 Manitoba Chalk River On-Line Mass Spectrometer

H. Schmeing, E. Hagberg, J.C. Hardy with K.S. Sharma, R.C. Barber and
H.E. Duckworth (University of Manitoba)

Following submission of a "major installation grant application" to NSERC for an
on-line mass spectrometer, the authors made oral presentations to the Nuclear
Physics Grant Selection Committee (in Montreal) and to a special visiting
committee (in Winnipeg) set up specifically to study the application. In its
formal report, the latter committee supported the physics proposed, saying that
"such a facility could support interesting projects over at least a ten year
period", and it recommended awarding sufficient funds for its construction.
However, faced with many more requests than could be financed by available
money, NSERC did not grant an award.

Since that time Manitoba I, one of the mass spectrometers at the University of
Manitoba, has been dismantled and some components, particularly those associated
with its recently upgraded vacuum system, have been retained for use with a new
on-line instrument. At the same time more detailed design is proceeding, and
will result in an up-dated grant application to be submitted to NSERC this fall.

2.14 An ISOL at TRIUMF

H. Schmeing, E. Hagberg and J.C. Hardy

The authors have joined scientists from McGill University and Simon Fraser
University in studying the feasibility of installing an isotope separator
on-line (ISOL) at TRIUMF. Our contributions have been in originating possible
configurations and in sharing our separator experience with the other
participants. A preliminary design has already been developed.

2.15 Exotic Nuclei and their Decay

J.C. Hardy

Recent advances in accelerators and experimental techniques have led to an
enormous increase in our ability to synthesize new isotopes. As isotopes are
produced with more and more extreme combinations of neutrons and protons in
their nuclei, new phenomena are observed, and the versatility of the nucleus is
increased as a laboratory for studying fundamental forces. Among the newly dis—
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covered decay modes are (i) proton radioactivity, (ii) ß-delayed two-proton,
two-neutron and three-neutron decays, as well as (iii) C emission in
radioactive decay. Precise tests of the properties of the weak force have also
been achieved.

A review paper on this subject has been prepared and submitted for publication.

2.16 Direct Mass Measurements with the CRNL Isotope Separator

E. Hagberg, K.S. Sharma (University of Manitoba), H. Schmeing, J.C. Hardy
and V.T. Koslowsky (GSl) with H.C. Evans (Queen's University)

A paper on the CRNL technique for measuring the masses of unstable nuclides has
been completed and presented at the TRIUMF-ISOL workshop in Mont Gabriel,
Quebec. The results of our five mass-doublet measurements (PR-P 133: 2.5;
AECL-7863 and PR-P-134: 2.10; AECL-7778) were eiven^ Three of the measured mass
differences ( N2~ C 0; ' Na- Na; and Br- Br) agree with previously
reported values, obtained with conventional mass measurement techniques, thus
establishing the credibility of our method. The two remaining mass measurements
yielded the previously unknown masses of Ga and Br.

The proceedings of this workshop will appear as a TRIUMF report.

2.17 Prospects for Radioactive Beams in Nuclear Physics Research

E. Hagberg, J.C. Hardy, H. Schmeing and G. Audi

A study has been made of the feasibility and advantages of using radioactive
beams or targets in nuclear reaction spectroscopy. The minimum numbers of
radioactive atoms required in a target or in a beam in order to permit the
observation of some standard nuclear reactions were estimated. These minimum
numbers were then compared with those of available production rates at some
modern, high-yield separators.

For many nuclides it was found that the production rates from existing
separators are large enough that some nuclear reaction studies with radioactive
beams or radioactive targets could be performed. Furthermore, a good fraction
of the pc (sible reactions would provide completely new information, such as
masses and level schemes of nuclides whose properties have not been studied be-
fore. A facility having a modest-energy accelerator coupled to a high-yield
separator could thus provide a substantial amount of new nuclear structure in-
formation.

Our findings were reported at the Workshop on Prospects for Research with Radio-
active Beams from Heavy Ion Accelerators held in Washington, DC and they will be
published as an LBL report.

2.18 TASCC - The Next Five Years

J.C. Hardy, D. Horn and D. Ward

In June, the Nuclear Physics Division of the Canadian Association of Physicists
organized a workshop on "The Nuclear and Particle Physics of the Future". A
description of the experimental program planned for TASCC was presented to the
workshop and a written version submitted to NSERC for its consideration in
future planning; the latter will appear as an AECL report.
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The facility and its associated equipment (Q3D, ISOL, 8n spectrometer, multi-
particle detector systems) were described, and outlines given of: 1) heavy-ion
reaction phenomena at transitional energies; 2) nuclear states at high
excitation and angular momentum; and 3) exotic nuclei. The availability of the
facility for experiments by users from Canadian universities and elsewhere was
emphasized.

2.19 Progress of the BTS Vacuum and Support System for TASCC

H.R. Andrews, W.G. Davies, A.S.C. Hyde, P.J. Jones, J.J. Hill,
F.J. Sharp, R.E. Howard with M. St. Aubin (TASCC Operations Branch)

The injection line vacuum system for the cyclotron has been assembled as far as
QI-14. The last section, from just before BI-5 to QI-14 is being leak checked;
all previous sections, including the bypass line, are evacuated and under auto-
matic control. Installation of the beam line just before and after the cyclo-
tron must await completion of work in those areas by the cyclotron group.

System variables have been installed for all sections thus far assembled and the
first two sections after the tandem have been fully commissioned. The
commissioning proved to be very straightforward and the system is performing
well.

2.20 Beam Transport Magnets and Power Supplies for TASCC

W.G. Davies, H.R. Andrews, R.L. Brown, R.E. Howard, A.S.C. Hyde and
K.J. Brown (Design and Technical Services Branch)

With the exception of QE2 all of the dipoles and quadrupoles that can be
installed and aligned at this time have been. The assembly of QI15 and QE1 must
be done after the installation and testing of equipment on the cyclotron. This
should be complete before the end of September.

Testing and commissioning of the magnets and their power supplies is well
advanced. All dipoles are commissioned, with the exception of the NMR region of
BI2, and 6 are under computer control (See Table 2.20.1). The status of the
quadrupoles is also shown in the table. In addition, all 20 steerer power
supplies have been tested and are under computer control.

During the commissioning of BI2, the NMR signal was found to be inadequate and
further tests showed the existence of a vertical magnetic-field gradient
traceable to an asymmetric shim configuration. The shims have been remade by
the manufacturers and have been shipped. Installation is scheduled for mid
July.

The NMR signal from the ANAC Y magnet is very poor. A further investigation of
this problem is necessary. The overall quality of this magnet is poor and it
may be very difficult to achieve an adequate signal over the entire operating
range of the magnet.
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The final shipment of 12 NMR probes from Scanditronix was seriously damaged when
SAS flight 901 ran off the runway at Kennedy Airport in late February. The
equipment was returned to the manufacturers for rebuilding.

Specifications have been written and quotations received for the Phase II beam-
transport elements for TASCC. The quotations are currently under review.

2.20.1: The Commissioning status of ETS Dipole & Quadrupole
Power Supplies as of June 30

TESTED PARTLY TESTED STILL TO BE TESTED

BI-l* QB-1A
BI-2* QB-1B
BI-3* QB-2A QI-15A
BI-4* QB-2B QI-15B
BI-5* QB-3A QI-15C
BI-6* QB-3B QE-1A
BE-1 QB-4A QE-1B
ANAC Y QB-4B QE-1C
QI-1A* QE-1D
QI-1B* Switchgear QE-2
QI-1C*
QI-2A* BI-3 Degaussing
QI-2B*
QI-3*
QI-4A*
QI-4B*
QI-5A*
QI-5B*
QI-6*
QI-7*
QI-8A
QI-8B
QI-9A*
QI-9B*
QI-10*
QI-11*
QI-12A
QI-12B
QI-13A
QI-13B
QI-14

*Under Computer Control
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2.21 Progress in the Safety Interlock System for TASCC

G.G. Ball, J.P.D. O'Dacre and J.S. Wills with N. Burn (TASCC Operations
Branch), J. Barsczewski and C.E. Langlais (Design & Technical Services
Branch), and R. Roiha (Mathematics & Computation Branch)

ALI Safety Interlock System (SIS) and Radiation Monitor System (RMS) hardware
has now been fabricated and tested. The wiring and installation of the SIS and
RMS are also completed and the RMS has been fully commissioned. The software
for SIS is written and commissioning is in progress.

The first draft of the Final Safety Analysis Report (FSAR) has been completed
and will be submitted to the AECL Accelerator Safety Committee in early July.

2.22 Shielding Walls for TASCC

E. Hagberg and G.C. Ball

Possible layouts of the necessary shielding walls in the TASCC target rooms have
been studied. In order to provide adequate shielding, four feet thick concrete
walls will separate adjacent target rooms, and the wall thickness in the forward
direction in the beam hall will be five feet. Access to the active areas will
be through concrete mazes or, where conservation of space is of concern,
through sliding concrete doors. Pressurized air-pads will be used to lift the
doors off the floor so that they can be moved by a small drive-motor. Based on
our suggestions, Plant Design Branch has provided us with architechtural
drawings of the proposed concrete shielding walls and an estimate of the cost of
their construction has been provided by W.E. and P.

2.23 Building Extension

E. Hagberg

The proposed addition of a second story on top of the control rooms of building
137 (PR-P-137:2.35;AECL-8267) has been investigated in more detail. Drawings of
the structure of the new wing as well as of the new offices and laboratory areas
have been made by Plant Design. An estimate of the construction cost of the
proposed second story has been obtained from W.E.& P.

2.24 TASCC Electronics

J.P.D. O'Dacre, .i. Jarvis, M. Shea and R.E. Howard

The inflection magnet power supply for the TASCC Ion Injector Cage is now
functioning under computer control via the 32-bit serial fibre-optic-coupled
link described in PR-P-138:2.34. The second ESAG lens power supply between the
Injector Cage and the MP accelerator, described in PR-P-138:2.34, has been

commissioned.

A computer interfaced control system for the gridded lens supply on the MP
tandem has been designed and mechanical work is just underway. Some sections of
the terminal voltage control system for the MP tandem have been re-built to
interface with the slit current amplifiers provided on the beam transport

monitoring system.
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2.25 Isotope Separator Relocation

J.C. Hardy, H. Schmeing, E. Hagberg, J.S. Guo, W. Perry and J.S. Wills

The isotope separator relocation is neartng completion; though progress has been
steady, i t has been slow because of the competition for tradesmen from high-
priority TASCC construcfcion jobs. The vacuum system is now completely
assembled, as is the high-voltage support structure, and cage. The water and air
distribution panels have been installed and the tubing to individual devices is
currently being connected. The electrical wiring is mostly complete.

Off-line commissioning of the relocated instrument will take place next quarter,
although some individual components, such as the temperature-stabilized water
system for the magnet current supply, have been commissioned already.

2.26 Data Acquisition

G.C. Ball, E. Hagberg and F.J. Sharp with J.S. Forster (Solid State
Science Branch) and R. Roiha and M. Shaarani (Mathematics & Computation
Branch)

For most of this period, software and hardware development was severely hampered
by a lack of available manpower. Nevertheless, significant progress was made
during May-June. The new data scanner was successfully operated in the singles
mode, coincidence mode and simultaneously in both modes. Coincidence data were
written on magnetic tape in the 'TASCC format.' Software modifications have
been written that permit us to read the 'TASCC formatted' coincidence data. On/
off-line histogramming can now be carried out with the Oak Ridge software.

Software has also been developed to read magnetic tapes fom NSCL at Michigan
State. Playback and analysis of experimental data from NSCL can now be
performed.

A second magnetic tape drive and an additional 2 MB Memory board have been
delivered and will be installed on the system.

The data-acquisition system is scheduled to be relocated in the experimental
control room 101A in August.

2.27 Diagnostics Procedures for the TASCC Injection System

W.G. Davies

The diagnostic procedures for matching the tandem beam to the superconducting
cyclotron (see PR-P-138: 2.26) have been developed in detail.

The injection system for the cyclotron is shown in Fig. 2.27.1 The figure
indicates all the major functions of the injection system and the locations of
all diagnostic devices. The devices used are seven rotating wire beam profile
monitors (BPM), two pulsed beam monitors (PBM), which measure the bunch length,
a precision beam emittance measuring device (ED), and several slit and Faraday
cup systems (SI), as indicated. The outputs of all of these devices can be
transmitted to the control computer in digital form.
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The principle diagnostic elements are located at five stations t'tat perform d.s-
tinct functions as follows:

1) Match the tandem beam to the requirements of the beam analysis system.
Horizontal and vertical waists are produced at SI2 and the center of QI3
respectively. The transverse emittance can be measured as required for beam
development.

2) Match the longitudinal phase space to the requirements at the HEB (high-
energy buncher). The LEB (low-energy buncher) amplitude, the effective
drift length to the stripper in the tandem terminal and the mean stripper
straggling can be measured.

3) Produce waists of the correct size at Wl (horizontal) and W2 (vertical).
T'iese waists are transformed to the cyclotron center (stripper) by diagonal
transfer matrices when the cyclotron matching system is correctly adjusted.
Accurate measurements of the areas and orientation of the horizontal and
vertical phase-space ellipses are made here.

4) Determine both the transverse and longitudinal beam emittances at the
symmetry plane at QI14 for beam development. A "rapid" diagnostics mode can
be employed for operational monitoring.

5) Determine that the correct transverse emittance match has been achieved and
that the injection system is achromatic at the cyclotron stripper.

A statistical "prediction analysis" has been made for the procedures described
here and shows that the measurements do indeed provide meaningful information
and a powerful basis for efficient beam development and good operational
monitoring.

2.28 Precision Calibration of Quadrupoles for TASCC

W.G. Davies, R. Heaton, J.J. Hill and N.C. Bray

The procedures described in PR-P-138: 2.25 have been used to calibrate the 12
critical quadrupole singlets used to match the cyclotron. In addition, the type
LI singlet for QE2 has been calibrated in order to obtain higher accuracy
information for this type of quadrupole. The data for 8 of these elements is
completely analyzed, and the results are entirely satisfactory.

However, difficulty was encountered with the "parameterized magnetic circuit
function" described earlier (ibid). The function has been simplified and the
power series term expanded in Chebyshev polynomials Tn(I) as follows:

P = Po + KI/(1 + exp (S))

4
where S = [ A T (i)

n n n
n=0

P is the focusing power of the lens and I the excitation current. The
parameters Po, K and An are determined by a least squares fit to the data.
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Although 6 parameters fit many data sets, it was found that 7 were required for
some in order to have x values close to 2 per degree of freedom. Seven para-
meters has been chosen as standard.

The inverted function is also required and the data have been fitted both with
the function P=F(l) and its "inverse" I=f(P). The average normalized error for
both cases is a little less than 0.1% for the eight cases analyzed.

2.29 BTS Vacuum and Support System - Phase II Design

H.R. Andrews, W.G. Davies, A.S.C. Hyde, P.J. Jones with K.J. Brown
(Design & Technical Services Branch)

Layout drawing- have been completed of all Phase II beam lines with detailed
drawings completed for about one half. In addition, drawings have been done for
shielding walls in room 122 and for various options for the location of the
Phase II BTS power supplies.

2.30 TASCC, Phase II

H. Schmeing and J.C. Hardy

A request for authorization has been prepared in draft form to cover the con-
struction of Phase II of the Tandem Superconducting Cyclotron (TASCC) project.
Quotations have been obtained for all major items (over $40 k) and detailed
schedules and cash flow have been derived.

2.31 Target Preparation Laboratory

J.L. Gallant and P. Dmytrenko

During this past period several materials were prepared for Nuclear Physics
Branch, other branches, universities and for commercial sales.

Precession targets of magnesium, gadolinium, and copper were prepared for an ex-
periment at LBL. Carbon and silicon coated semi-transparent mirrors were fabri-
cated. These are used as 45 degree under-water mirrors with a television camera
to inspect seals on spent fuel stacks for the International Atomic Energy
Agency. Natural carbon and carbon-13 films were prepared for sale to: Uni-
versity of Wisconsin, Université Laval, University of Washington, Yale Univer-
sity, Oak Ridge National Laboratory, Institut de Physique Nucléaire, Orsay and a
National Museum of Science - Western University collaboration.

Several tritium test plate sources used in radiography were prepared, sealed
with lacquer and tested by the Atomic Energy Control Board for tritium particu-
lates. The tests showed that the tritium particulate level was substantially
below the permissible limit. This work and further work to achieve maximum sur-
face uniformity of the sources is being performed as a commercial venture.

Several Yb calibration sources were prepared for use in the neutrino mass ex-
periment. The new high-vacuum apparatus for tritium source preparation has been
built and tested. A uranium trap was fabricated and loaded with deuterium gas.
The trap will provide an ultra-pure source of deuterium and eventually tritium



2-20

for the several test runs needed to study the feasibility of using titanium tri-
tide as sources for the neutrino mass ̂ measurement. Several ultra-thin titanium
deuteride (lPg/cm , 2pg/cm'~ and 3ug/cm ) surfaces were prepared and analyzed for
deuterium and titanium content. Oxygen content was determined on one sample.

The components of an exciter loop were coated with a thin film of titanium
nitride. This was achieved by evaporating titanium in ammonia gas at 1 mm
pressure. This work was done for Accelerator Physics branch.

Recently a dimpled tungsten film was prepared by the chemical vapour deposition
of tungsten. This was achieved by the high temperature decomposition of
tungsten hexafluoride with the tungsten depositing onto a copper substrate.

2.32 TASCC Accelerator Facility

J.C. Hardy and N. Burn (TASCC Operations Branch)

The rebuilt tandem column members were received from High Voltage Engineering
Corporation on April 6. The column structure was assembled by May 5, and
compressed on May 24. By the end of the period the accelerator tubes, terminal
stripper and terminal Pelletron sheaves were installed. Reassembly completion
is still scheduled for late August.

Commissioning of ion source power supplies with the computer control system has
been carried out, and first beams generated from the sputter source. Beams of
600 nA of oxygen and 4 PA of carbon have been measured at the first Faraday cup.

Installation work on the cyclotron and its associated radio frequency and
cryogenic systems is continuing.

2.33 Superal lowed B-decay

Towner & Hardy

See PR-P-139: 4.11; AECL-8554

2.34 Publications, Lectures & Reports

a) Publications

A COMMENT ON PANDEMONIUM
J.C. Hardy, B. Johnson and P.G. Hansen
Physics Letters 136B (1984) 331.

ALPHA DECAY OF NEUTRON-DEFICIENT RHENIUM AND OSMIUM ISOTOPES
U.J. Schrewe, E. Hagberg, H Schmeing, J.C. Hardy, V.T. Koslowsky and
K.S. Sharma
Zeitschrift für Physik A315 (1984) 49.

GAMOW-TELLER STRENGTH DISTRIBUTION IN THE ß-DECAY OF EXOTIC NUCLEI
J.C. Hardy and I.S. Towner
Journal de Physique, Vol. U5 (1984) C4-417.
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INFLUENCE OF 1.3 MeV ^e POST BOMBARDMENT ON THE DEPTH PROFILES OF 35 keV ^e
IONS IMPLANTED INTO Nb and Au
H. Geissei, W.N. Lennard, T.K. Alexander, G.C. Ball, J.S. Forster, M.A. Lone,
L. Miliani, D. Phillips and H.H. Plattner
Nucl. Instruments & Methods B2_ (1984) 770.

TRANSIENT MAGNETIC FIELDS FOR LARGE-Z ATOMS RECOILING THROUGH GADOLINIUM
0. Hausser, H.R. Andrews, D. Horn, M.A. Lone, P. Taras, P. Skensved,
R.M. Diamond, M.A. Deleplanque, E.L. Dines, A.O. Macchiavelli and F.S. Stephens
Nuclear Physics A412 (1984).

b) Lectures

ENERGY IN PERSPECTIVE
H.R. Andrews
Information Seminars a t 11 New Brunswick High Schools
Jan. 10-12 and Feb. 6-10 (1984).

PROSPECTS FOR NUCLEAR PHYSICS WITH RADIOACTIVE BEAMS AND TARGETS
E. Hagberg, J.C. Hardy, H. Schmeing and G. Audi
Prospects for Research with Radioactive Beams from Heavy Ion Accelerators
workshop (conference proceedings) Washington, D.C.
April 26-27 (1984).

PARITY MIXING OF 0 1 STATES IN 18F
H.C. Evans, G.T. Ewan, S.P. Kwan, J.R. Leslie, J.D. MacArthur, H.-B. Mak,
W. McLatchie, S.A. Page, P. Skensved, S.-S. Wang, A.B. McDonald, C.A. Barnes,
T.K. Alexander and E.T.H. Clifford
American Physical Society Meeting, Washington, D.C.
April 23-26 (1984) and also
1984 CAP Congress, Universite de Sherbrooke, Quebec
June 18-20 (1984).

ACCELERATOR MASS SPECTROSCOPY AT CHALK RIVER
H.R. Andrews, G.C. Ball, R.M. Brown, N. Burn, W.G. Davles, Y. Imahori and
J.C.D. Milton
Abstract submitted to the 3rd. International Symposium on Accelerator Mass
Spectrometry, Zurich, Switzerland
April 10-13 (1984).

INVESTIGATION OF SHAPE ISOMER IN 32S
J.D. MacArthur, H.-B. Mak, W. McLatchie, S.A. Page, S.-S. Wang and
T.K. Alexander
American Physical Society Meeting, Washington, D.C.
April 23-26 (1984).

DO NEUTRINOS HAVE NON-ZERO MASS?
R.L. Graham
Colloquium at McMaster University
January 11 (1984).
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ikC CONTENT OF TEN METEORITES MEASURED BY TANDEM ACCELERATOR MASS SPECTROMETRY
R.M. Brown, H.R. Andrews, G.C. Ball, N. Burn, Y. Iraahori, J.C.D. Milton and
E.L. Fireman
Earth and Planetary Science Letters 6]_ (1984)1.

UPPER LIMIT OF THE ISOVECTOR PARITY-VIOLATING DECAY WIDTH OF THE O+T=l STATE
OF Li
R.G.H. Robertson, P. Dyer, R.C. Melin, T.J. Bowles, A.B. McDonald, G.C. Bail,
W.G. Davies and E.D. Earle
Physical Review Ĵ 29_ ( 1984) 755.

INJECTION DIAGNOSTICS FOR THE CHALK RIVER SUPERCONDUCTING CYCLOTRON
W.G. Davies
10th. International Conference on Cyclotrons and Their Applications, Michigan
State University, East Lansing
April 30 - May 3 (1984).

TASCC - THE NEXT FIVE YEARS
J.C. Hardy
Workshop on The Nuclear and Particle Physics of the Future, Universite de
Sherbrooke, Québec, June 17 (1984).

THE LABORATORY SYNTHESIS OF NUCLEI: EXPLORATION AND CONSOLODATION
J.C. Hardy
1984 CAP Congress, Université de Sherbrooke, Quebec, June 18-20 (1984).

c) Reports

COMPTON SUPPRESSED SPECTROMETERS
E. Hagberg
TASCC Report 1-19-05.

DEPENDENCE OF SPECIFIC ENERGY LOSS ON TARGET THICKNESS FOR LOW VELOCITY IONS:
% • C
W.N. Lennard, D. Phillips, I.V. Mitchell, H.R. Andrews and D. Ward
AECL-8241.

SEARCH FOR PRE-EQUILIBRIUM STOPPING FOR **He IONS IN THIN CARBON FOILS
W.N. Lennard, D. Phillips, I.V. Mitchell, H.R. Andrews and D. Ward
AECL 8236.
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3.2 Single-Particle Scattering in Superfluid He at Low Q

E.C. Svensson and D.C. Tennant

It has now been convincingly established that, for T <^ 1.2 K, about 13% of the
atoms in liquid He are in the zero-momentum condensate state (V.F. Sears,
E.C. Svensson, P. Martel and A.D.B. Woods, Phys. Rev. Lett. 49_ (1982) 279).
As a consequence, one would expect the spectra of neutrons inelastically scat-
tered by superfluid He at low momentum transfer Q to exhibit, in addition to
the one-phonon peaks corresponding to the well-known phonon-roton dispersion
relation, peaks corresponding to single-particle scattering by the condensate
atoms (dispersion relation Er = h^Q2/2m. It is extremely important to
establish the existence of such single-particle scattering since it holds the
promise of an additional and rauch more direct way of studying the condensate.
(In all the previous neutron-scattering condensate studies, the scattering by
condensate and non-condensate atoms was intricately mixed and could only be
unraveled with considerable difficulty and attendant uncertainty after very
extensive measurements of the temperature dependence of the scattering.) Such
single-particle scattering is in fact the probable origin of the puzzling weak
peak on the low energy side of the one-phonon peak at Q = 1.13 A~ for
T = 1.2 K and P = 24 atm. observed more than a decade ago by Woods, Svensson
and Martel (Phys. Lett. 43A (1973) 223).

A study to search for the expected single-particle scattering is now underway
at the L3 triple-axis spectrometer at the NRU reactor using a new helium pres-
sure cell and considerably better resolution conditions than used by Woods,
Svensson and Martel so as to achieve better separation of the peaks. Prelimi-
nary results for 0 = 1.13 A" at T = 1.04 K indeed show a very weak but well
defined peak on the low frequency side of the one-phonon peak for both P = 2
atm and P = 20 atra. This weak peak is well separated from the one-phonon peak
and its frequency is, within experimental uncertainty, in agreement with the
free-particle value, vr (1.13 Â ) = 0.16 THz. The fact that the peak is
still present at P = 20 atm. suggests that the condensate fraction decreases
only rather slowly throughout the range studied although it must go to zero at
solidification (P » 25 atm.). Measurements at additional Q values and
pressures are in progress.

3.3 Internal Strains in Incoloy-800 Steam Generator Tubes

T.M. Holden, B.M. Powell, and G. Dolling with R. Holt (Canada Centre
for Mineral and Energy Technology)

Measurements of the internal strains in the radial and transverse directions
of bent Incoloy-800 steam generator tubes were made on the L3 spectrometer to
complement the previously described (PR-P-136: 3.5; AECL-7982) longitudinal
measurements. The radial and transverse strains were found to be equal within
the errors, and scaled down by a factor of about -0.25 from the longitudinal
strains.

A model of the internal strains in a thin-walled bent tube was fitted to the
longitudinal strain observed for (ill) and (002) grains. The two types of
grains were assumed to be distributed evenly over any cross section through
the tube and the fraction of the total area associated with each was assumed
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to be the volume fraction raised to the 2/3 power. The yield stress v, the
effective value of the Young's modulus for a constrained grain, E, and the
angle, , away from the neutral axis ( = 0 ) , where plastic flow has occurred
were assumed to be different for each type of grain. The strain at a given
distance from the neutral axis was assumed to be identical for each type of
grain. The values of for the (111) and (002) grains were found to be
practically identical, viz 2.3 0.3° and 3.2 0.2° respectively. The
values of E were measured in X-ray experiments on a bent Incoloy beam (R. Holt
and J.E. Winegar, private communication). The values of the yield stress
deduced by comparing the model with experiment were 318 32 MPa (111) and
309 32 MPa (002). These values are within the expected rs, ige (210-420 MPa)
for the yield strength for 0.2% plastic strain for Incoloy material. The
anisotropy that we have found for the (111) and (002) grains is solely,
therefore, a result of the anisotropic elastic constant of a cubic material.

3.4 Neutron Diffraction from 36" Pipeline Steel

T.M. Holden and J. Scott-Thomas with S.R. MacEwen (Materials Science
Branch)

The diffraction pattern from steel cut from a 36" pipeline has been measured
with the C4 spectrometer operated in a two-axis mode. The spectrometer was
controlled with the PDP11/34 network control system for the first time. The
(331) planes of a Ge crystal (mosaic spread 0.48°) were used as monochromator
with collimation of 0.56° and 0.66° before and after the sample respectively,
to maximize the number of Bragg reflections below the maximum accessible scat-
tering angle of 82°. The diffraction pattern is characteristic of the bcc
structure but exhibits weak subsidiary peaks which have not yet been identi-
fied. The main diffraction peaks are sufficiently sharp to make subsequent
strain measurements near the pipeline weld a practical possibility. A strong
diffuse scattering component, presumably alloy diffuse scattering, was
observed at all scattering angles.

3.5 Phospholipid Membranes as Sites for the Deposition of Constituents of
Cannabis

P. Martel

In a previous report (PR-P-138: 3.8; AECL-8267) the suitability of using L-a-
dipalmitoylphosphatidylcholine (DPPC) as a model membrane for neutron scat-
tering studies of drug-membrane interactions was established. Two
constituents of cannabis, A and A -cannabinol have since been graciously
donated for such studies by the Department of Health and Welfare, Ottawa.

9 9
The major psychoactive component of cannabis is A -cannabinol (A -THC). Its
isomer, A -cannoblnol (A -THC) has much less psychoactivity in spite of the
similarity of its molecular structure. A comparison of the effects of these
two molecules on phospholipid membrane structure is therefore of considerable
interest.
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Gels of DPPC with either A -THC or A -THC were made by resuspending mixtures
derived from dried chloroform-alcohol solutions in D2O by the method of Janiak
et al. (Biochemistry 15, (1976Ï 4575). Because cholesterol (chol) has a
structure similar to that of A and A -THC, and because its location in
biomembranes is known, gels containing chol were also prepared. The
compositions by weight of four gel dispersions which were prepared were, I:
DPPC0#33(D90)o.67. II: DPPC0.30 (

A -THC)0.03<I>20)o.67, III:
DPPC0>30(A -THC)o.O3(D2O)o.67

 a n d I V : D P P c 0 . 3 0 ( c h o l ) ( D
Because of an unscheduled shutdown of the N5 spectrometer, preliminary neutron
scattering measurements were only obtained on one specimen each of I, II and
III. Besides these neutron scattering measurements differential thermal ana-
lysis (DTA) was carried out on all four specimen types. (We are indebted to
Dr. Carl Turner of Fuel Materials Branch for making the DTA measurements
possible).

At a temperature of 30°C the interlayer neutron diffraction peaks for speci-
mens II and III were of similar width and magnitude and both had narrower peak
widths than those observed for I. The ratio of the integrated intensities of
the first and second interlayer diffraction peaks was also the same for II snd
III. However the value of this ratio for II and III was » 3 times that for
I. This change in ratio could result from a uniform distribution of THC
molecules just below the surfaces of the DPPC bilayers, in a manner analogous
to the way cholesterol tends to precipitate in biomembranes.

At 30°C the Intralayer structure of DPPC results in a diffraction peak corre-
sponding to a plane spacing of » 4.2 A. A sm? 1 peak corresponding to this
separation was observed in I, but was barely discernible in the scattering
from III and unobservable from II. No inelastic peaks in the 0 to 2 THz range
were seen in any of the specimens, and quasielastic scans of specimen III
exhibited no temperature dependence on heating from 30°C to 50°C,

DPPC undergoes two phase changes in the range 30°C to 50cC, at 35°C and 41°C.
A DTA scan of specimen I gave results similar to those for pure DPPC (M.J.
Ruocco and G.G. Shipley, Biochim. Biophys. Acta 684 (1982) 59). For specimens
II and III a broad peak in the DTA response occurred between 30°C and 50°
instead of the sharp peaks near 35°C and 41°C that are characteristic of the
pure material. Specimen IV also exhibited a broad peak between 30°C and 50°C
but a sharp peak near 41°C was superimposed on this broad feature, suggesting
some segregation into cholesterol-rich and cholesterol-depleted regions.

The similarity of the DTA response for II and III seems to be in accord with
the similarity exhibited in the interlayer portions, in particular, of the
neutron scattering spectra. These results suggest that although phospholipids
can incorporate cannabinols, a physical basis for psychoactive selectivity may
not be related to the phospholipid portions of biomembranes (i.e. proteins or
other components may be involved).
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3.6 Inelastic Neutron Scattering from Globular Proteins

P. Martel

The latest series of experiments on the enzyme a-chymotrypsin has focussed on
the identification of a low-lying mode (PR-P-138: 3.9; AECL-8267). Measure-
ments were made at the C5 spectrometer at wave vector transfers of 1, 1.4 and
1.85 A~ . In all three cases an ill-defined peak in the data was observed
near 0.6 THz. Summation of all 3 data sets produced a well-defined peak at
this frequency. A similar series of runs on the inactive form of the enzyme
(chymotrypsinogen A) did not yield such a peak.

A similar experiment was carried out at the L3 spectrometer with a deuterated
sample of a-chymotrypsin. In agreement with early Raman measurements (Brown
et al. Proc. Nat. Acad. Sei. USA, _69 (1972) 1467) the neutron scattering
measurements indicate that the mode does not shift in frequency with deutera-
tion. However, whereas the latest neutron scattering measurements indicate
that there is a mode near 0.6 THz, the Raman technique indicated a frequency
of 0.9 THz. This discrepancy may arise from the different selection rules for
the two probes. We are attempting to eliminate the possibility of a specimen-
dependent effect by having Raman scattering measurements carried out on our
samples.

3.7 Computer Program for Analysis of Small Angle Neutron Scattering (SANS)
Data with a General Ellipsoidal Model

P. Martel

The derivation of the shape of a biomolecule in solution from SANS data invol-
ves a search method that assumes simple geometrical shapes. The first AECL
program of this type (Biophys. J. _31_ (1980) 371) assumed the molecular shape
to be an ellipsoid of revolution. Reanalysis of cobra toxin data (PR-P 134:
3.3; AECL-7778) shows that this assumption is not adequate in all cases. The
program has therefore been modified to allow for a general ellipsoid specified
by three independent semi-axis values a,b,c. Application of this program to
the three toxins examined previously indicates that although the cytotoxins
may be regarded as ellipsoids of revolution, the neurotoxin has less symmetry.
The values of a, b and c (in Â) for the latter were found to be 14.8 ± 0.9,

6.8 ± 0.5 and 22.5 ± 0.8 respectively.

3.8 Vacancy Formation Energies in Disordered Alloys

S.M. Kim

A theory of vacancy formation in disordered alloys has been formulated using
the nearest-neighbour bond energy concept. It was found that the vacancy
concentration in disordered alloys is a surprisingly simple function of the
bond energies between two like atoms in the constituent pure metals. When the
vacancy concentration is characterized by a formation energy, the formation
energy increases with temperature. In many disordered alloys, however, this
increase is very small within reasonable temperature limits where vacancy con-
centration is appreciable.
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The present theory satisfactorily describes the composition dependence of the
vacancy formation energies in various disordered alloys observed over the
years by the positron annihilation technique, and allows plausible estimates
of this quantity in many other alloys where measurements have not yet been
made. For very ' ilute alloys the theory predicts that vacancy-solute binding
energies are generally very small, also in good agreement with the many
previous positron annihilation measurements.

3.9 Magnetic Excitation Spectrum of Uranium Selenide at Low Temperatures

T.M. Holden and W.J.L. Buyers with K. Hughes and M.F. Collins (McMaster
University) and P. de V. DuPlessis (Rand Afrikaans university)

Inelastic neutron scattering from ferromagnetic USe at 4.2 K has been
measured. The magnetic component was detected with the aid of the large
solid-angle analyser recently built to measure continuous spectra more
efficiently (PR-P-136: 3.15; AECL-7982). The C5 spectrometer operated in the
configuration Be(0002) -0.7o-USe-0.9°-PG(0002)-2.5°, with the graphite
analyser vertically curved to focus neutrons on the detector. A search at a
fixed analyser energy Ei = 3.26 THz showed that there were no sharp magnetic
excitations with frequencies less than 2 THz. A search at the other available
analyser energy E^ = 10.04 THz confirmed this result up to a frequency
transfer of 16 THz.' The latter low-resolution, high-Ei measurement did,
however, show a broad distribution of magnetic scattering peaked at 9 THz at
the (220) zone centre. The magnetic character was deduced by observing that
the continuous part of the spectrum decreased in intensity at (440) whereas
the sharp optic phonon feature at 6.25 THz was enhanced by the expected
factor. The zone boundary magnetic response, as derived from measurements at
(221) and (441), showed no peak but rather an intensity increasing with
frequency. This could be consistent with the motion of the broad peak to
higher frequencies outside the 16 THz window as the wave vector increases.
The experiment §hows that USe is similar to US in having no well-defined
excitations in M, the magnetic moment operator, even though a ferromagnetic
ground state exists. As pointed out by D.M. Edwards ("Moment Formation in
Solids", Plenum, 1984 to be published) it is possible for the sharp
excitations that exist in the q = 0 spin spectrum, characterized by S, to
become broadened because the strong spin-orbit coupling in the actinides
couples S to L, the orbital angular momentum. B̂ecaijse L, unlike S, is not a
constant of the motion, the excitation in M = L + 2S observed in neutron
scattering will be broad.

3.10 Heavy Fermion Superconductivity

W.J.L. Buyers with J.E. Greedan (McMaster University), H.A. Mook and
J. Arthur (Oak Ridge National Laboratory) and Z. Fisk and J. Smith (Los
Alamos National Laboratory)

Within the last three years a search has been carried out for systems exhibi-
ting both magnetic and superconducting behaviour. The materials UPt3 and
JBei3 have recently been shown to possess electrons (of presumed 5f symmetry)
with effective masses in the range 400—1000 times those of free electrons.
The magnetic susceptibility initially increases on cooling from room tempera-
ture as does that of a system condensing to a magnetic ground state.
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Instead a superconducting ground state is found, below 0.5 K for UPt3 and
0.9 K for UBe^j. To investigate the superconducting transition with neutron
scattering, a search was carried out at the HFIR reactor, Oak Ridge National
Laboratory, with the HB2 triple-axis spectrometer equipped with graphite
raonochromator and analyser crystals. The UBej3 could be cooled to 0.50 K in a
closed-cycle, pumped- He cryostat, and the UPt3 reached 0.10 K in an Oxford
He dilution refrigerator. The offset from the 0.01 K temperature of the

mixing chamber arose from conductivity limitation by the aluminum mount and
stycast cement, and from fission self-heating.

The continuum of scattering in UPt3 observed previously in a Chalk River
experiment (PR-P-138: 3.15; AECL-8267) was confirmd with difficulty in experi-
ments at Ei = 30 meV under conditions where the fast neutron background was of
order 10 cpm compared with 2-3 cpm in the earlier N5 experiment. In higher
resolution experiments at Ei = 14.8 meV the magnetic scattering was found to
be largely independent of temperature between 0.1 K and 77 K. The forward
scattering at (0.15, 0, 0.12) was examined as well as the elastic scattering
at (001), (100), (101) and (102) and along the lines (0.15,0,JO and
(h,0,0.15). No features were found that exhibited temperature dependence on
the scale of the transition temperature.

In UBei3 no evidence for continuous or other magnetic scattering was obtained.
Subsidiary phonon peaks that lay below the LA mode in the (006) zone showed an
anomalous temperature dependence. Their nature could not be investigated
fully becauce of the inaccessibility of zones with an equivalent phonon struc-
ture factor. Most elastic scans analogous to those performed on UPt3 showed
no change with temperature across the superconducting transition. The forward
scattering at (0.07,0.07,0) on a scale of a few tenths of a milli-electron
volt revealed an unusual result, however. The strength of the scattering, in
particular that at zero energy transfer, increased on cooling from 2 K,
reached a maximum at 1.2 K, and then decreased towards 0.50 K to the same
level as the high temperature scattering. The result, which is not under-
stood, could correspond to increased small angle scattering at an angle of
1.5°, or to increased transmission. The presence of magnetic scattering in
UPt3, and its apparent absence in UBej.3, suggests that parallel spin pairing,
characteristic of a triplet superconductor, is a possibility for UPt3.

3.11 Phonons in UTe

J. Genossar, W.J.L. Buyers and T.M. Holden

A new UTe single crystal was provided by 0. Vogt with a smaller mosaic spread
than the crystals previously used. Room temperature scans of the [111] TA
phonon branch showed that there i9 a splitting of about 0.3 THz in the middle
of the Brillouin zone. The splitting occurs near 1.3 THz, which coincides
with the remarkably flat portion of the [110] TA phonon branch. Presumably
the effects are related, but so far we do not understand their cause. A
possible origin of this splitting is a resonant coupling with a quadrupolar
excitation of the U atom.
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3.12 Conceptual Design Study for a Small Angle Neutron Scattering
Spectrometer

P. Martel and H.F. Nieman

A conceptual design study has been made for a small angle neutron scattering
(SANS) spectrometer to be located at the C2 beam tube at NRU. The
spectrometer employs a multilayer monochromator (see, for example, V,F. Sears,
Acta. Cryst. A39, (1983) 601) to select a broad neutron wavelength
distribution near 4.3 Â, and a small two-dimensional position sensitive
detector that may be translated horizontally and vertically under computer
control. Use of a multilayer monochromator yields a similar wavelength
distribution to that obtainable from a conventional mechanical chopper but
requires far less technical maintenance. Preliminary sketches and floor plans
indicate that this compact device would fit into the existing NRU building.

3.13 Preparation of Silicon Monochromators

H.F. Nieman and G. Dolling

Various single crystal slabs were hot-pressed (PR-P-137: 3.21; AECL-8106)
using facilities at the Department of Energy, Mines and Resources in Ottawa.
Seven slabs of silicon (of various thicknesses) cut with the (111) crystal
planes parallel to the faces, were hot-pressed at 1175°C to 1225°C at
pressures between 20 MPa and 29 MPa. Peak reflectivities as high as 40% for
2.3 Â neutrons wece achieved on several of the slabs.

In addition, four silicon slabs with the (100) crystal planes parallel to the
faces were hot-pressed at a pressure of 41 MPa. The mosaic width (FWHM) of
the (113) reflections varied between 0.10° and 0.24°.

Hot-pressing of silicon slabs cut with the (110) crystal planes parallel to
the flat faces is planned for the future.

3.14 Spectrometer Control Program

M.M. Potter and B.M. Powell

The spectrometer control program "P" mode (PR-P-136: 3.11; AECL-7982) has been
expanded to include phi-zero and wavelength calculations. The new subroutine
uses the fitted results from the calibration scans as input. The output
includes the selected Debye-Scherrer line, the observed and calculated phi
angles as well as the wavelength, phi-zero and associated standard errors.

3.15 Dilution Refrigerator

W.J.L. Buyers

A grant was received from NSERC by three of our university colleagues for
purchase of a He dilution refrigerator for neutron scattering studies at
Chalk River. The grant in the amount requested of $ 206,660.00 will be used
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for a mobile refrigerator connected by flexible metal hoses to a cabinet
carrying the elaborate pumping and control system. Improvements are being
made to the existing Oxford Instruments design that will double the hold time
and permit more convenient mounting of the 5T superconducting magnet.

3.16 Horizontal Field Magnet

W.J.L. Buyers with D.C. Tennant with G. Wadham (Design and Technical
Service)

In anticipation of delivery by Oxford Instruments of the horizontal field 360°
access magnet, a cryostat drive assembly has been developed. The purpose is
to drive and measure the rotation of the sample cooled at helium temperatures..
The sample is at the end of a five-foot cryogenic insert and will be subject
to a maximum torque of the four foot-pounds. A stepping motor mounted on the
top plate of the cryostat drives the crystal via gears and a long stainless
steel tube. A concentric inner cylinder under negligible torsional forces
senses the rotation of the specimen to 0.01° with a top-mounted encoder, thus
eliminating errors caused by the * 0.50° wind-up of the drive tube.

3.17 Reactor Beam-Hole Use

H.F. Nieman and G. Dolling

The C-2 fast-neutron chopper facility and the Guelph University spectrometer
were shut down for the period. The McMaster University spectrometer operated
for 70% of the time. Utilization at the other occupied beam holes was as
follows:

Beam No. of No. of No. of Efficiency (%
Hole Experiments Participating Participating of Available

CRNL Scientists Non-CRNL Reactor
Scientists Operating Time

Used for
Experiments)

Cl

* C4

C5

L3

**N5

1

3

6

2

1

1

4

5

4

1

0

1

5

0

0

50

50

98

92

19

Total reactor operating time was 86 days.
* The C-4 spectrometer was shutdown for six weeks to enable installation

of a new control system.
** To allow removal of fuel elements from one of the reactor heat

exchangers the N-5 facility was removed and is now being re-installed.
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3.18 The Simultaneous Measurements of (yy) and (yf) Spectrum of Actinlde
Elements with the Bremmstrahlung Monochromator

J.W. Knowles and W.F. Mills with J.C. Kim and P. Rullhusen (University
of Illinois) and N. Sherman (National Research Council of Canada)

Preliminary measurements made with the Chalk River high resolution tagging
facility at the University of Illinois show that Oyf and Oyy cross
sections of U can be measured simultaneously with an energy resolution of
12 - 14 keV. Thus we have a method of obtaining the total absorption cross
section a Y a = 0yf + oYY between 5 MeV and the neutron separation energy
at 6.2 MeV in U. This technique should allow us to assign unambiguously
the resonances observed in both the Oyf and Oyy spectra to the entrance,
total absorption, and to the exit (yf) and (yy; product channels.

3.19 Parity Violation in the Photodisintegration of Deuterium

E.D. Earle, R. Deal and S.H. Kidner with H. Keech (Mathematic and
Computation Branch, A.B. McDonald (Princeton University) and
E.T.H. Clifford (TRIUMF)

Fxperimental modifications have been finalized for this summer's extended run
on the Electron Test Accelerator.

The full compliment of 20 BIC detectors have been calibrated in a Z-2 reactor
neutron flux and with a Co y-ray source. The current versus bias voltage
characteristics of the detectors have been examined in detail and all
detectors have been installed on the D2O tank. The band width of the current
to voltage amplifiers has been increased from 70 to 350 Hz and the electronic
noise of the detectors and associated circuitry has been measured as a
function of flipping frequency. A frequency near 30 Hz has been determined to
be the optimum operating frequency.

The electron source pumping system has been modified to improve its operation
and maintenance. A liquid He cryostat has been replaced by a closed cycle
cryopump with a charcoal surface and a 70°K shield. The operating pressure is
now K 2*10~ torr. A Zr-AJl non-evaporable getter pump has been added so that
the vacuum chamber can be transported under vacuum at a pressure of
» 10~ torr. The source has been installed on the ETA and it has been demon-
strated that these improvements were successful.

Circuitry to modulate machine parameters intentionally has been designed and
is being constructed. A 25 cm diameter parallel plate self-powered detector
to measure the y-ray flux at the dump has been built, tested and installed.
The signal from this detector and the commercially purchased y-ray ion chamber
installed behind the D2O tank will monitor changes in machine energy.

Software modifications have been made to the on-line control program to accom-
modate the new equipment and the program has been transposed to the central
site computer. Additions are being made to the off-line program for more
sophisticated analysis of the data stored on magnetic tape.

The energy stability of the ETA has been improved by averaging the RF fields
in all cells of each of the two structures and feeding back these signals to
the amplitude controllers.
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3.20 Data Acquisition System for the Neutrino-Mass Experiment

M.A. Lone and A. Sorensen (University of British Columbia) with
C.L. Bear (Mathematics and Computation Branch)

The general purpose software package (PR-P-137: 3.24: AECL-8106) for spectro-
meter control and data acquisition is operating reliably and has proved useful
for detailed mapping of the spectrometer optics and the resolution function.

Several new programs have been written for further improvements to the data
acquisition software. These include a communication program for data transfer
to and from the CRNL computer centre, a general purpose plotting routine for a
Gemini dot matrix printer, and software for implementation of the newer hard-
ware (PR-P-138: 3.23; AECL-8267).

3.21 Stretched Polypropylene Foils

L. Milani and M.A. Lone

Thin polypropylene windows for the ß-ray counter assembly for the neutrino-
mass experiment (PR-P-137: 2.12; AECL-8106) are prepared by stretching an
untreated, unoriented polypropylene film of 1.4 mg.cm" thickness (PR-P-137:
2.16; AECL-8106). The stretched foils are quite uniform and robust (PR-P-138:
3.24; AECL-8267) but permit significant gas leakage at pressure differentials
above 10 kPa. Measured leakage rates in foils of some thicknesses are shown
in the Table.

Metalizing the foils by coating them with thin layers of cellulose nitrate,
chromium and gold, significantly reduces the gas leakage rate. However, it
appears that operation of a large area multi-array counter assembly at a gas
pressure of about 100 kPa will require a differentially pumped double window
arrangement in order to maintain a high vacuum in the TI/2 spectrometer. For
development of this concept a chamber with dual window collimators has been
fabricated and will be used for optimization of the window thicknesses.

Diffusion Rat%s through Polypropylene Foils
(Foil area 85 cm supported against a flat plate

with 12 slots, each 1 mm by 100 mm)

Foil thickness
(ug.cm" )

Coating Total Thickness
(ug.cm" )

Pressure
KPa

Leakage Rate
micron-Z/s

Gas

64
64

75
175

no
yes
yes
yes
yes
no
yes
yes
yes

64
81
81
81
118
175
190
190
190

101
34
101
101
101
34
34
68
101

780
34
165
337
28
500
5
25
34

air
••

•»

isobutane
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3.22 Gamma Radiography for Inspection of Voids in Thick Metal Slabs

F.U. Ahmed and M.A. Lone with P. Wong (Mathematics and Computation
Branch)

High energy gamma-ray radiography is a non-destructive technique for inspec-
tion of internal voids and defects in solid media, for example, the detection
of voids in 20 cm thick hot steel ingots. For this application, the require-
ments of throughput, void sensitivity and geometrical constraints due to the
high temperatures dictate use of moderately high intensity y~ray sources, such
as Cs or Co.

As an alternative one can use bremsstrahlung radiation from an electron
accelerator to provide switchable beams of high energy y-rays that can be
tailored for specific applications.

We have carried out an assessment of Cs, Co and bremmstrahlung radiation
from a 7 MeV electron accelerator for detection of 1.2 mm diameter voids in 20
cm thick iron slabs. To provide 10 counts/sec in a single detector, 1 m from
the source, one would require Cs and Co sources of 1700 Ci and 80 Ci
respectively or alternatively a 1 fia beam of 7 MeV electrons.

3.23 Monte Carlo,Computer Codes for Assessment of Radiation Processing with
Electron Accelerators

M.A. Lone with P. Wong (Mathematics and Computation Branch),
K.C.D. Chan (Accelerator Physics Branch) and S. Douglas (Reactor
Physics Branch)

In recent years, there has been a rapid growth in the use of low and medium
energy electron accelerators for industrial and medical applications. Facili-
ties of greater beam power for bulk processing are also under considerations.

In planning these facilities, data on bremmstrahlung and photoneutron yields
and depth absorbed dose distributions in targets of complex configurations are
required. For this purpose we are developing a multimedium-general geometry
package based on the MORSE (M.B. Emmett, ORNL-4972 (1975)) and SANDYL (H.M.
Colbert, Sandia Laboratories, Report SLL-74-0012 (1974)) Monte Carlo codes.

3.24 International Comparisons

R.H. Martin and J.G.V. Taylor

Participants in this comparison (PR-P-138: 3.35; AECL-8267) were asked to pro-
ceed with measurements using 1984 March 15 at 0 h UT as the reference time.
From our stock solution which had been transferred to an AECL ampoule in 1983
November 20, sources and 1 dilution (factor of 3.1323) were prepared. From
the dilution an additional 6 sources were prepared. Twelve separate 4n(PC)-y
counting runs were made with minor electronic problems hampering the earlier
of these. The data selected for use were from runs unaffected by high back—
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grounds or unstable equipment. These were runs made on May 15, 28 and
June 05. The data for each run were fitted to a first order polynomial and
the weighted mean of the intercepts at 100% 4n(PC) efficiency was calculated.
A second set of first order fits was also made but using points with 4n(PC)
efficiencies > 65%. The difference between the two results was taken as an
estimate of the uncertainty in the fitting procedure and was 1.66%. Other
uncertainties were evaluated and combined in quadrature to give 1.67 overall
uncertainty.

The result of this work was reported to the BIPM as 1163.7 ± 19.4 (1.67%)
kBq.g" at the reference time.

GAM-83

A comparison was organized by the ICRM to investigate data fitting as applied
to Ge detector efficiency curves (GAM-83). Four separate sets of data were
distributed to each of the participants. The data sets ranged from a small
set of data with large uncertainties to a large set with small uncertainties.
The range of gamma-ray energies was also different in two cases.

Since our own gamma-ray spectrometry system at present serves mainly as a
qualitative tool for impurity testing, precise fitting of the data with
complex functions was not attempted. Where a log-log fit in three parameters
did not give sufficient accuracy, interpolation was effected using a manually
drawn "best-line" through plotted points on graph paper.

We intend to investigate some of the more popular fitting techniques presently
available sometime in the near future.

3.25 Standards Issued

R.H. Martin

Co - Environmental Research Branch (solution)

l3^c/ °Y - R. &.I.S. Branch (36 solid sources)
I - Biomédical Research Branch (solution)
Eu - System Materials Branch (solution)
Am - Environmental Research Branch (solution)

169Also, one stock solution of uncalibrated Yb was prepared for the
neutrino-mass experiment.

3.26 Data Acquisition System for Radionuclide Metrology

G.A. Tapp, R.H. Martin and J.G.V. Taylor

The old PDP-8 system was dismantled in February and replaced by the PDP-11
system. A few days later the disc failed again shutting down all counting
equipment since the PDP-8 was no longer available as a back-up. Vortunately
it was possible to borrow a compatible disc to allow measurements for the
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l33Ba international comparison (PR-P-139; 3.24; AECL-8554) to proceed. After
the disc was repaired, program development concentrated on the remaining
problems limiting the length of runs possible with the 4nß-y coincidence
system. These were solved and this system appears to be running perfectly.
Control software for the ion-chamber sample changer was finished earlier; the
data-handling and analysis program for this system should be completed within
a month.

3.27 Gas Counters

M.A. Gulick, W.M. Inglis, R.H. Martin, H.C. Spenceley, G.A. Tapp,
J.G.V. Taylor and R.J. Toone

The "stretched" FBS-102 counter was completed and used for tests at the rc/2
beta-ray spectrometer; subsequently this counter was repaired and returned to
service after it was damaged in handling.

A second BF3 counter for ultra-cold neutron detection was assembled with a 25
um Ti window, filled, tested and successfully used. The Hg diffusion pump on
the BF3 gas line developed a water leak. After repair it took several days to
recondition the line and get a satisfactory counter filling.

Two HP-7A detectors, were made for Section I. Compared to the HP-7 the 7A's
are longer (102 mm instead of 76 mm) and narrower (31 mm diameter instead of
37.5 mm). The first counter was filled with 660 kPa He and 200 kPa Kr.
With a resolution of 7% FWHM at 1500 V bias and 3-us amplifier shaping
constants this appears to be the best HP-7 type detector to date. With 1-us
amplifier time constants the FWHM doubled, an indication of the presence of
slow pulses. At 0.5 us the peak becomes too broad to be useful.

In an attempt to improve the speed of charge collection while maintaining the
gas density to minimize the wall effect, CFi, was substituted for Kr in the
second HP-7A. It gave a FWHM resolution of 13% at 3-us time constants but was
quite usable at 0.5-us time constants. This gas mixture, however, gave much
lower multiplication than He + Kr and required an operating bias considered
too high for routine use. When the new He handling system is complete it
should be possible to study ternary mixtures with minimal He losses.

Work is proceeding on the new He filling system. In the meantime counters
have been filled on the old line but pumped and baked first at the cryopumping
station. A new procedure was used in which the counters were held at 180°C,
pumped and flushed three times with Ar, the last flush at 900 kPa. The
residual-gas analyser at the cryopumping station showed that water vapour was
the principal contaminant removed by this procedure.

Two modifications of the 3-wlre HP-4 He counter are being made. Type HP-4A
omits the cathode dividers between the wires and has a perforated Zircaloy
central stiffening rib instead of stainless steel. Type HP-4B has a heavy
Zircaloy shell with no stiffening rib. A problem arises in making a
transition from Zircaloy to the stainless steel sleeves of the insulators
since the metals are incompatible for welding. Tests indicate that it should
be possible to vacuum braze Nl-plated stainless steel transition sleeves into
Zircaloy end plates.
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3.28 Bragg-Curve Spectrometer

R.J. Toone

The operating characteristics of the prototype spectrometer (PR-P-138: 3.32;
AECL-8267) have been investigated. Typical Bragg peaks generated by 5.5 MeV a
particles from Am could be observed to shift in time corresponding to
reduced path lengths in the drift region as the isobutane pressure was
increased from 5 to 12 kPa. Various sized discs blocking the centre of the
aperture were used to show that the pulse shape and timing for particles
stopping close to the walls was the same as for particles stopping near the
central axis.

The chamber was initially operated with H.T. on the anode and a grounded
cathode. It became clear that a cathode signal was desirable so modifications
were made to isolate the cathode and ground it through a preamplifier. The
prompt cathode signal serves as a zero reference time.

The use of glass cloth and epoxy resin to mold the shells of production models
is being studied. Glass-cloth/polyester-resin boxes have been made and
stress-tested at 100 kPa pressure differentials. Quotations have been
requested on low-vapour—pressure epoxy resins suitable for this application.

3.29 Crystals for Fermilab Channeling Experiments

R.J. Toone with J.S. Forster (Solid State Science Branch)

Several Si and Ge strips 0.5 to 2 mm thick were cut from single crystals along
specified planes on a Felker cut-off machine fitted with a two-axis rotating
table. The exact orientation was achieved by cutting a piece closely parallel
to the required plane and testing its alignment with channeling of He ions to
determine the final table setting. Each strip was cut to length with a wire
saw, polished, etched and rinsed ready for the formation of a series of
charged particle detectors along its length.

3.30 Crystal Cutting

M.A. Gulick

Ten slices were cut from large (10-12 cm diameter) Si crystals for Section I.

3.31 Ge Detector Systems

R.J. Toone

A detector was pumped and tested for NPD, problems with an Instrument
Development Branch detector were traced to a faulty preamplifier which was
repaired and a new commercial detector was tested for System Materials Branch.
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3.32 BIC Detectors
R.J. Toone

Four chambers were vented, pumped and filled to atmospheric pressure with
different gases (Ar, He, CHi») to test the effect of filling gas on chamber
characteristics. Subsequently they were refilled with H2. The all-metal
valve designed for these detectors (PR-P-135: 3.25; AECL-7907) allowed these
changes to be made easily and reliably.

3.33 A Self-Powered Bremsstrahlung Monitor

J.G.V. Taylor and E.D. Earle

A self-powered bremsstrahlung intensity monitor has been made for the parity
violation experiment (PR-P-139: 3.19; AECL-8554). To minimize neutron
absorption and activation, only AX., Zr and Pb were used in the several
electrode arrangements tested. The peak response can be shifted to higher
energies by increasing the thickness of the insulators or the emitter or by
reducing the atomic number of the emitter but only at the cost of reduced
signal level. The monitor now installed has an active diameter of 143 mm, a
Pb emitter 0.25 mm thick, Mylar insulators 0.25 mm thick, ML collectors 0.3 mm
thick, and a response of « 35 pA in a field of 1 kR«hr from Co.

3.34 Glassblowing Shop

J.G. Wesanko and D.A. Doering

Thirty recovery columns, 24 reaction flask filters and 12 headers were
constructed on short notice for Mo processing when a commercial supplier
could not meet delivery schedules.

Twenty-four ceramic-to-pyrex seals were made for repairs to electric heaters
in the U-l loop.

Twenty ion-exchange columns and 18 calibrated jiggers were supplied to
Biomédical Research Branch. Twelve ion-exchange columns fitted with
condensers for maintaining constant resin temperatures were made for General
Chemistry Branch.

A number of complex glass components were made for laser photochemistry
experiments in Physical Chemistry Branch.

A large (750 mm long * 150 mm diameter) silvered dewar flask was constructed
for Solid State Science Branch and a shorter one (250 mm long) was made for
Materials Science Branch.

Numerous glass and quartz components in many shapes and sizes were made for
the Environmental Research, Chemical Engineering, General Chemistry, Materials
Science and Electronics Branches.
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3.35 Machine Shops

A.H. Hewitt and H.C. Spenceley

In Bldg. 459 shop, a new set of shielding blocks was made for the high
analyser to allow a change of angle from 24° to 43", and to accommodate a
taller analyser crystal assembly. An exchange gas specimen chamber of a novel
design was made for the H7 cryostat. A special mount, permitting a quick 30°
change of angle, and using leaf springs as hinges was developed for a specimen
of UPd3.

For the Kappa diffractometer a three axis positioning stage with 20 ran of
travel along each axis was designed and constructed. Other work included a
pair of 4" diameter molybdenum spacers for crystal squeezing, a set of 20°
packing wedges to off-set the large goniometers, a centering fixture for
aligment of specimens on the C4 spectrometer, and a stainless steel flange
with a 6" diameter tantalum window for the parity violation experiment.

About 50% of the Bldg. 116 shop time was devoted the the construction of He
counters and parts for the new He gas handling system. The remainder was
divided approximately equally among projects for Section I, the self-powered
bremsstrahlung monitor, neutrino mass measurement counters, and tools and jigs
for the glassblowing shop.

3.36 Test of the Focusing Properties of the Tt/2 ^-Spectrometer
Pertaining to an Extended Source and a Detector Array

M.A. Lone et al.

See PR-P-139: 2.3; AECL-8554

3.37 8n Spectrometer

M.A. Lone et al.

See PR-P-139: 2.12; AECL-8554

3.38 Simulation of Electron and Photon Transport Using the EGS-3 Code System

M.A. Lone et al.

See PR-P-139: 5.8; AECL-8554

3.39 RAPELA Study - Computation

M.A. Lone et al.

See PR-P-139: 6.2.2.3.1; AECL-8554
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3.40 Publications and Lectures

Publications

VACANCY FORMATION ENTHALPIES IN STOICHIOMETRIC FeCo BY POSITRON
ANNIHILATION
J.A. Jackman, S.M. Kim and W.J.L. Buyers
Scripta Metallurgies J7 (1983) 1385

SOLITON DYNAMICS IN QUANTUM ISING-LIKE ANTIFERROMAGNETIC CHAINS
S.E. Nagler, W.J.L. Buyers, R.L. Armstrong and B. Briat
J. Appl. Phys. j>5 (1984) 1856.

UPPER LIMIT ON THE ISOVECTOR PARITY-VIOLATING DECAY WIDTH OF THE 0 + T=l
STATE OF Li
R.G.H. Robertson, P. Dyer, R.C. Melin, T.J. Bowles, A.B. McDonald,
G.C. Ball, W.G. Davies and E.D. Earle
Phys. Rev. C29 (1984) 755

VACANCY FORMATION IN ORDERED STOICHIOMETRIC BCC ALLOYS
S.M. Kim
Phys. Rev. B2£ (1984) 2356

TRANSIENT MAGNETIC FIELD FOR LARGE-Z ATOMS RECOILING THROUGH GADOLINIUM
0. Hausser, H.R. Andrews, D. Horn, M.A. Lone, P. Taras, P. Skensved,
R.M. Diamond,'M.A. Deleplanque, E.L. Dines, A.O. Macchiavelli and
F.S. Stephens
Nucl. Phys. A412 (1984) 141

INFLUENCE OF 1.3 MeV **He POST-BOMBARDMENT ON ON THE DEPTH PROFILES OF
35 keV He IONS IMPLANTED INTO Nb AND Au
H. Geissei, W.N. Lennard, T.K. Alexander, G.C. Ball, J.S. Förster,
M.A. Lone, L. Milani, D. Phillips and H.H. Plattner
Nucl. Instr. & Meth. B2 (1984) 770

A FUNCTIONAL DESCRIPTION OF THE GENERAL RESISTANCE INC. PROGRAMMABLE
DIAL-A-SOURCE UNIT MODEL 97AX
R.L. Graham, J.S. Geiger, R.J.E. Deal, M.A. Lone and L. Milani
AECL-TR312

SPALLATION NEUTRON SOURCES WITH INTERMEDIATE ENERGY PROTONS
M.A. Lone
AECL-8488

LATTICE DYNAMICS OF SnSe2
B.M. Powell, J.-Y. Harbec and S. Jandl
Phys. Rev. iB28_ (1983) 7009

THE CONDF!,TSATE SAGA: FROM LONDON'S PROPOSAL TO A CONVINCING
EXPERIMENTAL ANSWER
E.C. Svensson
in "75th Jubilee Conference on Helium-4", ed. J.G.M. Armitage (World
Scientific Publishing Co., Singapore, 1983 ) 10
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Lectures

Neutron Scattering Investigations of Orientationally Disordered Solids
B.M. Powell
Seminar at Rice University, Houston, Texas, 1984 January 16

The Magnetism of Uranium Compounds: Some Surprising New Results
T.M. Holden
National Research Council of Canada, Ottawa, Ontario, 1984 January 16

Spin Excitations in Actinide Systems
W.J.L. Buyers
University of W. Virginia, Morgantown, W.Virginia, U.SoA,
1984 January 19.

Energy Future for Canadians
G. Dolling
Terry Fox Centre, Ottaws, 1984 February 1

Spin Fluctuations and Moment Formation in Actinide Materials
W.J.L. Buyers, J.A. Jackman and T.M. Holden
Workshop on High Energy Excitations in Condensed Matter, Los Alamos,
New Mexico, 1984 February 13-15.

The Bose Condensate in Hell
E.C. Svensson
Workshop on High Energy Excitations in Condensed Matter, Los Alamos,
New Mexico, 1984 February 13-15.

Superfluid Helium - A Most Fascinating Material
E.C. Svensson
University of Ottawa, Ottawa, Ontario, 1984 February 24
University of Toronto, Toronto, Ontario, 1984 February 29
Laurentian University, Sudbury, Ontario, 1984 March 6
Lakehead University, Thunder Bay, Ontario, 1984 March 7
University of Guelph, Guelph, Ontario, 1984 March 20
University of Windsor, Windsor, Ontario, 1984 March 22
Dalhousie University, Halifax, Nova Scotia, 1984 March 28

Spin Response and Moment Suppression in Actinide Systems
W.J.L. Buyers
A.T.&.T. Bell Laboratories, Murray Hill, NJ, U.S.A., 1984 March 6

Series of Lectures on Neutron Inelastic Scattering and Magnetism
T.M. Holden
University of Toronto, Toronto, Ontario, 1984 April 4-16

The Condensate Saga
E.C. Svensson
Symposium in Honour of B.N. Brockhouse at McMaster University>
Hamilton, Ontario, 1984 April 13
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Neutron and Photon Probes in Biophysics
P. Martel
University of Waterloo, Waterloo, Ontario, 1984 May 4.

Non-Destructive On-Line Chemical Analysis Using Nuclear Techniques
M.A. Lone
CSIRA Workshop on Sensors, Burlington, Ontario, 1984 May 8-10

Evaluation des contraintes résiduelles par la diffraction neutronique
G. Dolling, T.M. Holden and B.M. Powell
Association Canadienne Française pour X'Avancement des Sciences
Quebec, 1984 May 9-11

Vibrations de basse fréquence mesurées par diffusion de neutrons dans
des protéines
P. Martel
Association Canadienne Française pour £'Avancement des Sciences
Quebec, 1984 May 9-11

Neutrons in Biology
P. Martel
National Research Council, Ottawa, Ontario, 1984 June 15

Nuclear Parity Violation: A needle in a haystack
E.D. Earle
CAP Annual Congress, Sherbrooke, PQ, 1984 June 18-20

Vacancies in B2 Intermetallic Compounds: Structural or Thermal?
S.M. Kim
CAP 1984 Congress, Sherbrooke, P.Q., 1984 June 18-20

Strength Function Measurement for the Au(p,y) Reaction at
E p = 4.0 MeV
D. Armstrong, S.K. Saha, E. Adamides, S.-S. Wang, C.Y.Cheng,
A. Henrikson, M.A. Lone and B.C. Robertson
CAP Congress, Sherbrooke, P.Q. 1984 June 18-20
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4.2 Neutron Scattering in Almost-Classical Liquids

V.F. Sears

In the past twenty years much has been learned about the structure and dyna-
mics of classical liquids by means of both slow-neutron scattering experi-
ments and computer simulations using molecular dynamics and Monte Carlo tech-
niques, he dynamic structure factor S(q,<d) that is obtained from the neu-
tron scat ;ering experiments differs from the corresponding classical quantity
Sc£(q,ü>) as a result of quantum effects that are present in actual liquids
but are neglected in computer simulations. In particular,

u>) + (h).

Tc compare results from the above two methods a suitable correction for
quantum effects must first be made.

The standard way of doing this is based on the relation

S(q,u) - e x p { ^ } ScA(q,w) + (h2),

2
where T is the temperature and k is Boltzmann's constant. If the h correc-
tion is neglected the above simple relation then permits a comparison that is
correct to first order in h.

In the case of the average kinetic energy, for example, the h correction in
liquid Ne is quite large (approximately 27%) and even in liquid Ar, which is
generally regarded as the prototypical 'classical liquid' it is 3% which is
nowadays not negligible for quantitative purposes.

We are currently trying to obtain an improved relation between S(q,u>) and
k>) that will include, at least approximately, a correction for the h

c

effects. Preliminary calculations indicate that the method that we have
recently developed for calculating final-state interaction effects in S(q,u))
at large q (Sears, Phys. Rev. B, in press) can be adapted to the present pro-
blem. The method requires an expansion of the moments / uPS(q, w)d(i) in
powers of h. Wa have found that the required expansions can conveniently be
obtained by an extension of a method first introduced by Nelkin (Inelastic
Scattering of Neutrons in Solids and Liquids, IAEA, Vienna, 1961, p.3).

4.3 Diffuse Scattering in Orientationally-Disordered Crystals

V.F. Sears

We have shown that the coefficients in the cubic-harmonic expansion that
determine the intensities of the Bragg peaks in an orientationally-disordered
crystal also determine the diffuse scattering when the sample is a powder or
a polycrystal. This result has been used in the analysis of neutron-diffrac-
tion data for the orientationally-disordered phase of hexafluoroethane. A



detailed account of this work has been submitted (with B.M. Powell and
G. Dolling, NSSP branch, and W. Press, Institut Laue-Langevin, Grenoble) for
publication in Molecular Physics.

4.4 Atomic Momentum Distributions in Condensed Matter

V.F. Sears

A review article on the theory of the momentum distribution function for
atoms in condensed matter has been written for inclusion in the special
January 1985 issue of the Canadian Journal of Physics in honor of the six-
tieth birthday of Professor Jan Van Kranendonk. In the course of this work
some new results were obtained. In particular, we have derived a 'central
limit theorem' for the momentum distribution and have demonstrated that this
can account for the Gaussian shape of the distributions that were obtained in
recent experiments on solid 4He at the Argonne National Laboratory by R.O.
Hilleke et al. (Phys. Rev. Lett. 52(1984)847).

4.5 Thermal-Neutron Scattering Lengths and Cross Sections for
Condensed-Matter Research

V.F. Sears ,

A table of thermal-neutron scattering lengths and cross sections of the ele-
ments and their isotopes has been constructed and the results presented in
the form needed for applications to condensed-matter research. The table is
as complete and consistent as the best currently available data permit. For
strongly absorbing nuclides we have also obtained for the first time the
imaginary parts of not only the coherent scattering lengths but also of the
incoherent scattering lengths. We have also called attention to and clari-
fied the confusion that exists in the literature concerning the sign of the
imaginary part of the complex scattering length.

A detailed account of this work together with a summary of the underlying
theory has recently been published (AECL-8490, 1984) and an updated version
of the table will eventually be published in Vol. C of the new edition of the
International Tables for Crystallography.

4.6 Slow-Neutron Multiple Scattering

V.F. Sears

Calculations of the dependence of slow-neutron multiple scattering in con-
densed matter oa the size of the sample have been performed using an analytic
method developed previously (Sears, Adv. Phys. 24(1975)1). The purpose of
these calculations is to provide design criteria for sample containers for
the NSSP Branch. In particular, they are required in connection with forth-
coming neutron-scattering experiments on liquid ^e (in a cylindrical geome-
try) and on the recently-discovered amorphous phase of ice (in a slab
geometry).
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4.7 Penetration of Heavy Ions in Solids

K.B. Winterbon

Work with P. Sigmund, Odense University, on multiple-scattering energy-loss
distributions has continued (PR-1-137: 4.5 (AECL-8106)), and evolved into a
thorough study of these distributions- With the use of steepest-descents
integration, much of the calculation of the distributions can be carried out
analytically in terms of the energy loss moments of the scattering cross sec-
tion. For example, the most probable energy loss and the two half-widths at
half (or any other specified fraction of the) maximum can be determined.
Because of the generality of the analytical calculation, these results can be
applied to any multiple-scattering energy-loss process, rather than being
restricted to, for example, the energy loss of fast light ions-

Numerical calculations have been done for this latter case, using a truncated
Coulomb cross section, and including corrections of the Blunck-Leisegang
type. Calculations including shell corrections as well are in progress.

4.8 1/f Noise and Counting Statistics

K.B. Winterbon

It has been suggested (P.H. Handel, Phys. Rev. Lett. 34(1975)1492, and other
papers) that 1/f noise, which is an apparently ubiquitous phenomenon, is in
fact a universal quantum phenomenon caused by the divergence of 'soft' pro-
cesses, e.g. the emission of an infinity of low-energy photons, and it has
further been suggested (CM. Van Vliet and P.H. Handel, Physica _113A( 1982)261
and other papers) that this 1/f noise will appear in alpha-particle emission
rates, causing an absolute bound on the accuracy attainable in lifetime
measurements. Preliminary measurements (J. Gong et al., Trans. Am. Nucl.
Soc. 45_(1983)221) appear to confirm this view, but the measurements are dif-
ficult. J.G.V. Taylor (Neutron & Solid State Physics Branch) has requested
that the problem be re-examined to see if the ideas of Van Vliet and Handel
are correct.

After discussions with Prof. Van Vliet, it was concluded that the calcula-
tions did not show that such an effect should occur. While their calcula-
tions did appear to indicate that some fluctuations, in decay probabilities
should occur, there was no mechanism for correlating the fluctuations in one
nucleus with those in another. Hence the decays must be independent, and so
the statistics must be Poisson, and the fluctuations are in principle unob-
servable except perhaps as an alteration - not a fluctuation - in the decay
rate. The change is predicted to be of the order of 1 part in 10 so it is
in practice completely unobservable.

It is intended to do a literature survey to see if such a conclusion has
already been published. If not, this work should be written up for
publication.
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4.9 Chiral Soliton Bag Model and Nucléon Structure

M. Harvey, Th. Kô'ppel and U.-J. Wiese

The soliton bag model of Friedberg and Lee (Phys. Rev. D16(1977)1O96) has
been extended to the chirally symmetric a (soliton) model proposed by
Gell-Mann and Levy (Nuovo Cimento 16(1960)705). In contrast to the bag
models (MIT bag, cloudy bag) the quarks are not confined in a bag with a
sharp surface, but the binding of the quarks is simulated by coupling to the
dynamical fields of the sigma and the pion. Furthermore, the Lagrangian of
the a model is manifestly covariant, and hence also translationally invari-
ant. Previously the chiral soliton model and the chiral bag models had been
solved in the "hedgehog" Fock space, which represents a mixture of nucléons
and A isobars without good spin or isospin, and which couples the isospin
space to the coordinate-space in a rather special way.

In our attempt to describe the nucléon properties in the chiral soliton model
we used a Fock state which consists of three quarks, or of three quarks plus
one pion, coupled to the nucléon quantum number; the a is assumed to be a
coherent state. This Fock state has good isospin and spin but it is not
translationally invariant. The equations of motion for the nucléon consist
now of three Dirac equations coupled to the Klein-Gordon equations of the
a field and two it fields. They can be solved by the computer code COLSYS
(Ascher, Christiansen and Russell, Math. Comp. 33(1979)659), which has
already been used for the Friedberg-Lee model. With only two free parameters
in the model, the coupling constant g and the mass of the a, m ^ we calcu-
late the nucléon mass, the mean square charge radii, the axial vector coup-
ling constant gA and the % nucléon coupling constant g,^^, and find rela-
tively good agreement with experiment. We also obtain nearly all the
observed mass difference between the nucléon and the A isobars. Although the
calculated solutions are localized in space, the quarks are not absolutely
confined in this model. However, the nuclear properties seem to be more
strongly related to chiral symmetry than to confinement.

We also investigated the possible types of solutions for the equations of
motion for the "hedgehog" baryon. In the Friedberg-Lee Model it has been
shown that absolute confinement is approached as the coupling constant goes
to infinity. In the chiral soliton model the total energy becomes negative
as the coupling constant is increased; the coupling constant seems to be
bounded by an upper limit as well as by a critical minimum value. In the
limit of finite sigma mass, (i.e. in the limit of the chiral circle) we find
not only the usual solutions with winding number W = 1 (T.H.R. Skyrme, Proc.
R. Soc. A260(1961)127), but also solutions with winding number W = 0, which
are however unstable against plane wave solutions. The winding number has
been identified with the baryon number in the models of the topological
chiral soliton (see e.g. Brown et al. Phys. Lett. 140B(1984)285).

4.10 Meson-exchange Currents at Finite Momentum Transfer

I.S. Towner

To date our work on meson-exchange currents has been confined to zero momen-
tum transfer relevant for Ml y-transitions and magnetic moments. Extensions
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to finite momentum transfer will enable us to study the role of meson
exchange currents in, for example, electron scattering from nuclei.

The meson-exchange graphs under consideration are TT-TC, it-p and w w currents ,
and n-pair, p-pair and arpair graphs. The first three are time consuming to
compute because the meson-exchange operator contains an integral that has to
be treated numerically; when evaluating its matrix elements double integral
are encountered. Some time can be saved by pre-calculating the inner inte-
grals and storing them in the computer's extended core memory.

An alternative strategy is to Fourier transform the wavefunctions to momentum
space; then there is no inner integral associated with the meson-exchange
operator. However an expansion of one of the pion's propagators is required:

[(k-q) +m ]

where Qn is a Legendre function of the second kind. There are no selection
rules limiting the summation over n. In practice we found convergence in n
was slow; at least 10 terms in the sum were required and the series alterna-
ted in sign. With 10 terms this method was more time consuming and less
accurate than computing double integrals.

In this second method we encountered an interesting integral involving two
spherical Bessel functions:

2 2
rn e" a r j (kr)j (qr)dr = C

4 a
2

where 2p = n+k^+k£ = even and C is some constant. Here 4*, is a hyper-
geometric function in two variables:

(a) , r s(a) ,
<hj(a;bfc;x,y) = I ( b ) ( c )

r s r( b ) ( c ) Jf JJ
r y s r s

In our application x and y ware both negative and greater than one. Evalua-
ting the double sum in a straightforward way is numerically unstable. The
sum over s, however, can be written as a confluent hypergeometric function

<|<2(a;b,c;x,y)

and the Kummer transformation applied to it

(a) r

cl>2(a;b,c;x,y) - £ 7 ^ 77 ̂  ^(c-a-r.c.-y)
r r

With the exponential factor pulled out, the sum over s contained in Ĵ FJ
no longer alternated in sign and because c-a-r is a negative integer the
series terminated. No equivalent Kummer type transformation could be found
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for the r summation, but sufficient accuracy could be retained in performing
this sum as written for the values of x of interest.

Although the alternative strategy only involves single integrals, the other
problems just discussed are such that the computation time for evaluating
matrix elements of meson-exchange current operators in momentum space is
longer than evaluating double integrals in coordinate space. We have now
abandonned momentum-space techniques.

4.11 Superallowed ß-decay

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

Two recent experimental advances make it timely to renew again the status of
superallowed beta decay. The advances are: (a) the accurate relative Q-value
measurements of Koslowsky et al. (Phys. Lett. 119B(1982)57 and PR-P-138:2.4;
(AECL-8267)) that considerably improve the precision of the end-point ener-
gies, and (b) the discovery and mass determination of the Z-vector boson at
CERN (Phys. Lett. 129B(1983)130 and 273). This latter measurement allows the
radiative correction for superallowed ß-decay to order a to be calculated
without any unknown parameters. One contribution to the radiative correction
comes from weak neutral currents in which a Z-boson is exchanged as well as a
photon. The mass of the Z-boson enters into the evaluation of this graph.

With these two advances, the comparison of superallowed beta decay with muon
decay enables the Cabibbo angle, 9C, to be determined with even greater
precision than before. The extension of the old Cabibbo hypothesis to the
mixing of three quark generations is parameterised by Kobayashi-Maskawa
matrix. In this matrix the leading diagonal element is just cos0„. The
first off-diagonal element is sinOc cos 93, where 83 is the angle des-
cribing the mixing with the third quark generation. A comparison of superal-
lowed ß-decay with hyperon decays enables sin9ccos93 to be determined.
If it is assumed that the error on this quantity comes entirely from experi-
mental error (no allowances is made for the correctness or model dependence
of the theory) then there is a hint that cos 93 > 1. This would signal a
breakdown of universality as described by the 'standard model1 of SU(2) x
U(l) of electroweak interactions.

A.12 An Introduction to Kaluza-Klein Theories

H.C. Lee

The preparation of a book bearing the above title and edited by H.C. Lee has
been completed. The content of the book is based on discussions during last
year's workshop on Kaluza-Klein theories held at CRNL (PR-P-138; AECL-8267).
The thirteen chapters of the book cover topics on gravity, differential geo-
metry, gauge theory, supersymmetry, supergravity, spontaneous compactifica-
tion, dimensional reduction, and classical,quantum and modern Kaluza-Klein
theories. The book also contains English translations of the two classic
papers by Kaluza (1921) and Klein (1926), originally in German. It will be
published by World Scientific, Singapore, in August, 1984.
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4.13 Spontaneous Compactlfication

H.C. Lee

A short review on this topic was written for the book on Kaluza-Klein theories
mentioned in Sec. 4.12. The central question addressed i s : why would the
4+K-dimension space-time manifold in Kaluza-Klein theories have the structure
VT x BK (1 time, 3+K space), where M̂  is the 4-dimension Minkowski
space-time and B is a K-dimension compact space, but not have, say, the
structure M ? The best mechanism discovered so far for the "spontaneous
corapactification" of the extra dimensions is that by Freund and Rubin (Phys.
Lett. 97B(1980)233). In the Freund-Rubin mechanism, the equations of motion
in an Einstein-Yang-Mills theory in d dimensions admit natural solutions in
the product spaces if x Bd-S and M4"** * Bs if there are rank-(S-l)
antisymmetric tensor fields in the theory. An interesting observation is that
in d = 11 supergravity, which is the Einstein-Yang-Mills theory with the lar-
gest possible supersymmtry, there are indeed rank-3 antisymmetric tensors so
that, from the Freund-Rubin mechanism the d=ll space-time naturally compacti-
fies to r x M' or M' * B^. This is one of the important reasons why
Kaluza-Klein theories based on d=ll supergravity have been preferentially
studied by theorists.

Many problems remain in the search for a real ist ic Kaluza—Klein theory. Some
of which are: why should the "size" of the internal (compactified) space be
so small; the choice of the geometry of the internal space; the problem of the
cosmological constant (120 orders of magnitude too large!); and the chiral
problem. Work on some quantum aspects of the theory has been started.

4.14 The Schwinger-Dyson Equation for Infrared Gluons

H.C. Lee, with M.S. Milgram (Appl. Math. Branch), K.L. Chang and
T.W. Chiu (National Taiwan University)

Progress has been made in learning to renormalize the (truncated) Schwinger-
Dyson (SD) equation for soft, or infrared, gluons (PR-P-137:4.11;
(AECL-8106)). The free gluon propagator is 1/p . This is changed by the
gluon self-interaction into

(1)

The SD equation is a nonlinear, integral equation for Z(p), with the form

Z-X(P) = 1 + g
2 / d\[K1(p,q)Z(q) + K2(p,q)Z(q)Z(p-q)/Z(p) ] (2)

where Kj and K2 are known kernels. The integral diverges, at least in the
ultraviolet region, so the right-hand-side needs to be renormalized. This can
be achieved by rescaling both Z (on the right-hand-side) and g by infinite
renormalization constants. The renormalized equation reads

d\[K1(p,q)Z(p)Z(q) + K2(p,q)Z(q)Z(p-q) ] | £ l n l t e (3)
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where g^ is finite and only the finite part of the integral is now taken.
Based on the analytic regulariztlon method developed by two of us (HCL and
MSM) recently, taking the finite part is a well defined procedure. For an
interesting class of functional representations for Z, (3) can be evaluated
analytically. Work is now in progress to find solutions of (3).

4.15 Tables of Divergent Feynman Integrals in the Axial and Light-Cone Gauges

H.C. Lee with M.S. Milgram (Appl. Math. Branch)

The integrals in question are defined by

S(K,M,N,s) = /dV(p-q)2JK<qW

Tables of integrals with parameters lying in the range —2 _< K <_ 4, —3 _< M,
N <̂  4 and s = 0,1 in both gauges have been made using the program SINTD, writ-
ten (by MSM) in the algebraic manipulator language SCHOONSCHIP. The tables
will appear in Journal of Computational Physics.

4.16 Modification of SUPERFISH

M. Couture

One of the steps in our discretization procedure is the approximation of the
dependent variables by polynomials, the degrees of which are determined by the
order of the differential equations we want to discretize. Let <|> be one of
the variables; the polynomial representation of <t> may be written as

i x x

where <t>£ is the value of $ at node i; N^, the shape function corresponding
to node i, is a polynomial, and the sum is over a small subset of the total
nodes of our mesh. The strategy adopted so far was to obtain these shape
functions by a Taylor's expansion or by the least-squares fit method; in both
cases a set of linear equations must be solved. As mentioned in the previous
report (PR-P-138:4.14 (AECL-8267)), for some configurations of the boundary
points these equations are ill-conditioned, reflecting the fact that the solu-
tion is not unique.

A possible solution to this problem consists in actually constructing the
shape functions without having to solve a set of linear equations; this is the
usual approach in the finite-element method. We have constructed second-
degree shape functions by taking various products of linear functions and are
now working towards testing them. In our present choice of dependent vari-
ables, the axially symmetric modes (m • 0) cannot be calculated and since that
for higher modes both boundary conditions must be simultaneously satisfied,
our discretization of the boundary equations cannot be tested independently.



We are now modifying the program such that both Hertz potentials will be used
as dependent variables allowing us to calculate the m = 0 mode and therefore
to test the boundary equations independently.

4.17 Spectrometer Modifications for Neutrino-Mass Experiment

G.E. Lee-Whiting

Numerous calculations of spectrometer line shape were carried out with the
computer program [PR-P-133:4.14 (AECL-7683) and PR-P-138:4.15 (AECL-8267)]
based on second-order analysis. These results provided information on the
optimum values for the source and focal-plane angles and for the aperture
position.

In order to test the limitations of the second-order theory a realistic Monte
Carlo line-shape program was devised. The exact trajectory equations are
integrated numerically for randomly chosen values of the initial conditions.
The numbers of electrons passing through the exit slit are recorded for dif-
ferent values of the spectrometer magnetic field. With this program it is
possible to use a realistic magnetic field shape, calculated directly from the
known coil dimensions. Over the ranges of aperture parameters currently rele-
vant, however, the discrepancies between optimum and realistic field shapes
are almost negligible. The Monte Carlo results suffer from statistical error,
of course, but they appear to agree with the second-order analytical results.

The new program promises to be a powerful tool for investigating the effects
of spectrometer misalignments. It is currently being used to study what hap-
pens when the detector is not exactly at it •/! radians from the source. It
could easily be used to study radial shifts of the aperture and detector with
respect to the source. Because the trajectory differential equations employed
do not assume azimuthal symmetry, the effects of non-coincidence of the axes
of different pair coils could be investigated. Energy-loss effects in the
source are not yet included, but could be.

4.18 Reports, Publications, and Lectures

Reports

THERMAL-NEUTRON SCATTERING LENGTHS AND CROSS SECTIONS FOR
CONDENSED-MATTER RESEARCH
V.F. Sears
AECL-8490, June 1984

Publications

NEARLY MASSLESS PION IN A MODIFIED BAG MODEL
Q. Ho-Kim and H.C. Lee
Phys. Rev. D29(1984)1455
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PLANS FOR A HIGH-RESOLÜTION MEASUREMENT OF THE TRITIUM ß-SPECTRUM END
POINT TO DETERMINE THE NEUTRINO MASS
R.L. Graham ..., H.C. Lee and G.E. Lee-Whiting
2nd Neutrino Mass Mini Conf., Telemark, AIP Conf. Proc. 99(1983)107

MAGNETIC MOMENMTS REVISITED
I.S. Towner and F.C. Khanna
in 'Spin Excitations in Nuclei', Proceedings of Telluride Conference,
March 1982, éd. F. Petrovich et al. (Plenum, New York, 1984) pp 131-141

FROM SOFT PIONS TO SPIN EXCITATIONS: A TREATISE ON MESON-EXCHANGE
CURRENTS
I.S. Towner
Progress in particle and nuclear physics, 11(1984)91

ON THE A-FORBIDDEN Ml AND GT TRANSITIONS IN A - 39
I.S. Towner and F.C. Khanna
Journal de Physique 45(1984)C4-519

GAMOW-TELLER STRENGTH DISTRIBUTION IN THE ß-DECAY OF EXOTIC NUCLEI
J.C. Hardy and I.S. Towner
Journal de Physique 45(1984)C4-417

IMPACT PARAMETER DEPENDENCE OF ELECTRONIC ENERGY LOSS
K.B. Winterbon
Radiation Effects 79(1983)251

THE NUCLEON-NUCLEON INTERACTION IN THE QUARK POTENTIAL MODEL
M. Harvey
Lectures given at the Int. Summer School on the Nucleon-Nucleon
Interactions and Many-Body Problems, Changchun, China, 1983 July 25 -
August 1. World Scientific Publishing Co., 1984

EFFECT OF CONTAMINATION AND COLD ENDS AS ELECTROTRANSPORT PURIFICATION
R.H. Zee and G.E. Lee-Whiting
J. Applied Physics 55(1984)1444

Ml TRANSITIONS AND MAGNETIC MOMENTS IN THE Pb-REGION AND THE ROLE OF
THE DELTA
F.C. Khanna, I .S. Towner and 0. Hausser
Proc. Symp. on Delta-Nucleus Dynamics, Argonne, I l l i n o i s , 1983 May 2-4.
ANL-PHY-83-1, CONF-830588

Lectures

ATOMIC MOMENTUM DISTRIBUTIONS IN CONDENSED MATTER
V.F. Sears
at Symposium in honor of J. Van Kranendonk, Univ. of Toronto, 1984
June 08.
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NUMERICAL SOLUTIONS OF THE FRIEDBERG-LEE SOLITON MODEL
T.J. Koppel
1984 Spring meeting of American Physical Society, 1984 April 23-26.

SOTITON MODELS FOR HADRONS
M. Harvey
Invited talk - Eastern Regional Meeting, Nuclear Physics Division CAP
1984 Marach 24

ENERGY AND NUCLEAR POWER
M. Harvey
Talk given at eight schools in Moncton, Sackville, Sussex, Norton, and
Rothsey, New Brunswick, 1984 April 30 - May 04

NUCLEAR AND PARTICLE PHYSICS - Circa 1984
H.C. Lee, given at
Zhengzhou U., Zhengzhou, 1984 May 07.
Wuhan U., Wuhan 1984 May 11.
Nanjing U., Nanjing, 1984 May 16.
Inst. Nucl. Res., Shanghai, 1984 May 18.

GAUGE THEORIES IN THE AXIAL AND LIGHT-CONE GAUGES
H.C. Lee, given at
National Taiwan U., Taipeo (8 lectures), 1984 Feb. 15 - April 15.
Chengkung U., Tainan (2 lectures), 1984 March 17.
Inst. Atomic Energy, Beijing, 1984 May 4.
Inst. Theor. Physics, Beijing, 1984 May 5.
Inst. High Energy Physics, 1984 May 5.
Hiroshima U., 1984 May 21.
Tokyo U., 1984 May 23.
Inst. for Fund. Physics, Kyoto, 1984 May 25.

PHYSICS IN HIGHER DIMENSIONS (KALUZA-KLEIN THEORIES)
H.C. Lee, given at
National Taiwan U., Taipei, 1984 Feb. 18.
National Normal U., Taipei, 1984 March 09.
Hong Kong Chinese U., 1984 May 2.
Zhengzhou U., Zhengzhou, 1984 May 08.
Wuhan U., Wuhan, 1984 May 14.

NEUTRINOS
H.C. Lee, given at
National Taiwan U., Taipei, 1984 March 03.
Chinghua U., Shintzu, Taiwan, 1984 March 14.
Chengkung U., Tainan, 1984 March 16.
Res. Inst. Nucl. Energy, Lungtan, Taiwan, 1984 March 23.
Zhengzhou U., Zhengzhou, 1984 May 08.
Wuhan U., Wuhan, 1984 May 12.
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(1) Joined Branch 1984 February 15 as a replacement for J. Mackie
(see 5 below).

(2) Nee Duchrow, married 1984 May 11.

(3) Junior summer student, joined Branch 1984 May 14.

(4) New employee, joined Branch 1984 January 23.

(5) On extended sick leave, 1984 January 20 to April 20; on maternity
leave 1984 April 23 to October 23.

(6) Junior summer student, joined Branch 1984 May 14.

(7) Transferred to Electrical, Instrument and Power Branch effective
1984 January 3.

(8) Waterloo University Co-op student, joined Branch 1984 April 30.

(9) Waterloo University Co-op student, joined Brnach 1984 January 3;
terminated 1984 April 27.

(10) Regular part-time employee.

(11) Terminated effective 1984 June 29.

(12) National summer student, joined Branch effective 1984 May 14.
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5.2 CDC 6600/CYBER 175 System

5.2.1 Application Program Library

D. McPherson and M,A. Peterson

A new system library has been established as a repository for a number of
application programs, predominantly, although not exclusively, those supported
by Mathematics and Computation Branch. Inclusion of these programs in a
systems library has the advantages of standardization of maintenance procedures
and consistency in methods of access. The privileges which can safely be
extended to programs in a system library provide a mechanism for reliable
monitoring of usage, and this feature is used where royalty charges to users
and/or payments to software suppliers are required. The monitoring mechanism
can also be extended to restrict use of a software package to specified groups
should this be necessary.

5.2.2 Subroutine Libraries

5.2.2.1 AELIB Subroutines for Heat of Vapourization of Light Water

W.N. Selander and V.R. Ruddock

Further work has been necessary to obtain a formulation that gives acceptable
accuracy for the heat of vapourization of water as a function of pressure. This
subroutine, and a sù'TO>>tine requiring temperature as input, have been prepared
for inclusion in AELIB.

5.2.2.2 AELIB/AELIB5 Modifications

L.S. Yamazaki

The memory management routines, CHNGFX, CHNGEX and CHNGSCM, have been modified
to preset dynamically acquired blocks of memory to the loader preset pattern.

5.2.2.3 Harwell Routine MA32 for Matrix Solutions

G.H. Keech

The benchmark case for the Harwell routine MA32, a package for solving
asymmetric systems using the frontal method, has been successfully tested on
the CRNL computer system.

The frontal method is well-suited for the solution of finite element problems.
The resulting reduction in the array sizes that are required is the main reason
for its popularity since a judicious ordering of the elements can often reduce
the maximum front-width to a small fraction of the total size of the problem.

We are investigating the possible use of MS32 in the electromagnetic codes
TOSCA and PE2D.
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5.2.3 Graphics

5.2.3.1 New Pen Plotter

G.N. Williams and G.S. McQuade

A Nicolet-Zeta 35435X four-colour pen plotter was purchased and installed to
replace the aging and slower Calcomp plotters.

A program to convert the files generated by AELIB plotting routines and
other high level plotting software for the CDC 3300 Calcomp plotter driver
to the format required by the Zeta plotter has been prepared. The Zeta
plotter will be driven through a CYBER 720 communications port, and procedures
for control of the Zeta plotter have been developed. Production plotting will
be transferred to the Zeta and the Calcomp plotters phased out during August
and September.

5.3 CYBER 720 System

5.3.1 FPRINT Improvements

C.J. Tanner

FPRINT is a utility that was written shortly after the acquisition of the CRNL
720 to provide terminals with file display capabilities comparable to those
that existed with the 3300 terminal control system. Specifically it provides,
for a variety of different terminal types, the translation into terminal
control sequences of conventional printer formatting codes, and, for graphics
terminals, a delivery system for graphics files. Increased use of the 720
required efficiency improvements to FPRINT. The following changes have been made
and have increased FPRINT's speed by a factor of five:

(a) The main subroutines were translated into COMPASS to avoid FORTRAN'S
inefficient character processing.

(b) Direct calls of peripheral processor routines are now used for all input
and output, avoiding the unnecessary CPU overhead of CYBER Record Manager
(CRM).

(c) The number of subroutines was reduced, and calls to others made more
efficient. More parameters are now passed in COMMON statements rather
than as formal parameters.

5.3.2 SMAIL - Send Messages from CANDU Operations to CRNL

C.J. Tanner

SMAIL was installed on the Sheridan Park CYBER 720 to enable users to send
messages to the Computing Centre and/or users at Chalk River. SMAIL will accept
messages destined for a user on the CRNL CYBER 720 either interactively or from
a file. The CRNL MAIL program was previously modified to allow CRNL users to
send messages to Sheridan Park.



5.3.3 SIR/FORMS - Screen Management Package for SIR

C.J. Tanner

SIR/FORMS was received and installed oi the CYBER 720. This is a screen
management package for SIR databases which allows a user of a CRT-type
terminal (such as the Lanpar Vision terminal) to access easily and modify
records in a SIR database using the full capabilities of the screen.

5.4 Data Communications

5.4.1 Datapac Interface

D. McPherson, G.S. McQuade and E.A. Okazaki

Early this year Telecom Canada established Chalk River as a Datapac serving
area, primarily to meet the needs of CRNL and the Petawawa National Forestry
Institute. A Gandalf PIN 9101E packet assembler/disassembler (PAD) was
installed at CRNL in February, and the original eight-channel PAD expanded to
sixteen channels in April. Currently ten circuits are used for incoming calls
to Computing Centre facilities, four for outgoing calls from CRNL terminals,
and two are used for incoming calls to CRNL computers located outside the
Computing Centre. Users of the Datapac access to CRNL include WNRE (where a
Gandalf PAD has also been installed), CPRS staff at other AECL sites, and HTFS
subscribers. The outgoing channels are used predominantly for access to a
number of electronic messaging systems and information services. The inter-
connections between 'Datapac and packet-switched networks in other countries
provide convenient and economical international data communications, and CRNL
staff are making regular use of networks in the US, UK and Switzerland.

5.4.2 Local Multiplexors

D. McPherson, G.S. McQuade and E.A. Okazaki

The rapid growth in the use of interactive terminals at CRNL has resulted in a
critical shortage of telephone circuits within the plant. To alleviate this
shortage, and to economize on local communications costs, different approaches
to "multiplexing" - the support of a number of terminals on a single telephone
circuit - are being explored. One route, appropriate for serving a cluster of
heavily-used terminals, is to use Gandalf PAD's as multiplexors, and such a
system has been installed in Building 375. This was the first case of a Gandalf
PAD in a configuration where the PAD was acting as the network - rather than the
more conventional role of a local interface to the public network - and a number
of software problems have been uncovered. Gandalf engineers have, however, made
steady progress in correcting the deficiencies. A second system, intended for
use in Building 145, is still being used in a test configuration within the
Computing Centre to evaluate Gandalf's software changes.

5.5 Neutron Spectrometer Control and Plotting

G.H. Keech

The two output files generated by the neutron spectrometer control programs now
use direct access records. New parameters are included in the revised format.
Subroutines in the PLOT package have been modified to accommodate the new file
structure.
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New features have been developed to allow users to obtain certain printed outputs
that were normally included only on error processing routes, and to permit a
scaling factor for the paper size to keep graphs better in register with the
centimetre divisions.

5.6 Nuclear Physics Computer Systems

5.6.1 Perkin-Elmer Data Analy is Programs

M. Shaarani

The Nuclear Physics data acquisition and analysis software is a modified version o
that of Oak Ridge Nuclear Laboratories (ORNL). At ÙRNL, raw data is preprocessed
by an event handler before it 13 passed to the software, Th;--. absence of an event
handler from the Nuclear Physics system and the difference in the event format
was deal.; with by modifying the control and analysis modules of the package.

Data acquisition, and both online and offline data analysis, were tested
demonstrated, and a special version of the "expansion" routine was prepared for
the handling of Michigan State University's data tapes.

5.6.2 Perkin-Elmer Data Acquisition System

R. Roiha and M. Shaarani

The locally-built data scanner has been installed on the system's CAMAC highway.
The software to drive the scanner has been written and initial tests indicate
that both the hardware and the software are functioning correctly.

The program to convert the magnetic tapes, written from the scanner, into a
usable format for the Oak Ridge analysis programs has also been written.

Progress is still continuing on the following items:

(a) The scanner hardware/software has only been tested for two of 16 channels;
the other 14 data channels remain to be tested.

(b) Some ease-of-use routines are to be added to the data acquisition program.

(c) The interfacing of a trackball or a mouse to the Chromatics display is
planned.

(d) The move of the complete system to its final location in Building 137
should occur in July or August.

5.6.3 Progress in the Safety Interlock System for TASCC

G.C. Ball (Nuclear Physics Branch), N. Burn (TASCC Operations Branch),
J. Barsczewski and C.E. Langlais (Design and Technical Services
Branch), J.P.D. O'Dacre and J.S. Wills (Nuclear Physics Branch) and
R. Roiha

See PR-P-139: 2.21, AECL-8554.
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5.6.4 Data Acquisition

G.C. Ball and E. Hagberg (Nuclear Physics Branch), J.S. Forster
(Solid State Science Branch), F.J. Sharp (Nuclear Physics Branch),
R. Roiha and M. Shaarani

See PR-P-139: 2.26, AECL-8554.

5.7 Stress Analysis Programs

5.7.1 MARC - General

S.B. Baset and G.A. Petrovich

The new version MARC-K1 was released for general testing in 1984 January and
became the production version in May. New documentation and a revised MARCSYS
procedure were also released. A few minor problems and suggestions have been
reported since the release and the necessary corrections will be installed very
soon. This version contains many enhancements to make the program more "user-
friendly". Seminars were given at Sheridan Park in April to introduce CANDU
Operations users to the highlights of the new version. Additional seminars in
June at Sheridan Park covered MARC capabilities in the areas of fracture-
mechanics, large strain-large displacement analysis and gap/friction elements.

5.7.2 MARC - Applications

S.B. Baset

MARC has been successfully used to model rock mechanics problems of the
Underground Research Laboratory at WNRE. The new feature of REZONING in MARC-K1
has proved to be particularly useful in modeling the effect of removal of material
from the URL tunnel.

5.7.3 MENTAT - General

S.B. Baset

An agreement has been reached with MARC Analysis Research Corporation to test
the interactive graphics program MENTAT on a trial basis for a three-month
period. The testing is expected to begin in the second half of 1984.

5.7.4 TPIPE - General

S.B. Baset and G.A. Petrovich

Modifications have been implemented to include automatic conversion from F-fonnat
to E-format if necessary, and to secure writing the restart tape if the program
terminates due to mode errors. A user meeting was held at Sheridan Park o
discuss several execution and modeling problems.

5.7.5 NUPIPE - General

S.B. Baset and G.A. Petrovich

An error in PIPLOT was corrected, enabling users to produce several plots in one
run. A meeting was held at Sheridan Park to discuss several requests from NUPIPE
users.
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5.7.6 FLUSH - General

S.B. Baset and G.A. Petrovich

FLUSH was installed at the request of the civil engineering groups at both
CANDU Operations and CRNL. FLUSH is a special purpose finite element program
to solve, economically, problems of soil-structure interaction.

5.8 Simulation of Electron and Photon Transport
Using the EGS-3 Code System

P.Y. Wong, S.E. Adams and M.A. Lone (Neutron and Solid State Physics
Branch)

The EGS-3 (Electron-Gamma-Showers) is a Monte Carlo code system developed at
Stanford Linear Accelerator Center for the simulation of electromagnetic cascade
showers (The EGS Code System, Version 3, SLAC-210, 1978). It was written for
high energy physics applications and contains a three-dimensional geometry
package. To explore the code for applications in radiation processing using
electron linear accelerators we have recently installed a copy of EGS-3 on the
CRNL computer system.

The code has been successfully verified against an example given in the user
manual. However, experience with the code so far suggests that EGS-3 with a
lower cutoff energy of 1.5 MeV electrons is not suitable for our applications
at energies below 10 MeV. Dr. Rogers of National Research Council of Canada
has recently made modifications to this code that improve its accuracy at low
energies. We have acquired a copy of Dr. Rogers' version but it produced
numerous errors when compiled under our CDC computers. Rogers' modifications
have been incorporated by SLAC as EGS-4 which is soon to be released. We plan
to carry out comparative tests with ETRAN and SANDYL codes when EGS-4 is
available.

5.9 Information Handling Programs

5.9.1 Central Personnel Records System

C.J. Tanner

The Central Personnel Records System (CPRS) continued to run smoothly during
this period. CRNL is now using the leave subsystem to generate reports and
statistics for leave other than vacation. Programs to generate these reports
and statistics were written.

5.9.2 CRNL Quality Assurance Data Management System

K.D. Clark

The requirements for the CRNL Quality Assurance Data Management System are
specified in the report, CRNL-2581, by R.G. Gray. A software system to meet
these needs must facilitate the collection, sorting, analyzing, and reporting
of Quality Assurance related data. Four packages, each having unique data-
handling and computational requirements, are described:

(1) CRNL Supplier;
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(2) Inspection-Nonconformance;

(3) Corrective Action;

(4) Procurement-Work Order.

For data entry, the software logic of each package will be independent of
other packages. The full reporting capability of each package will require
the referencing of data from other packages.

Logical realities of packages 1 through 3:

(a) CCL (CYBER Control Language) procedure files on the NOS front-end machine
to run programsj submit batch jobs, etc.;

(b) FORTRAN programs for data entry at terminals of the NOS system;

(c) NOS system sequential data files for the collection of data;

(d) Random data files on the NOS/BE batch system;

(e) The transfer of data from the NOS to the NOS/BE system by batch jobs
requiring COBOL programs;

(f) COBOL programs for report generation by batch jobs on the NOS/BE system;

(g) Multi-user, multi-location system integrity considerations.

The CRNL Supplier Package is nearing completion. However, reporting capabilities
must be extended later when data from other packages becomes available. Package 4
will involve extensions to the other three packages in addition to independent
software modules.

5.9.3 Data Entry System

V.R. Ruddock

A collection of data entry programs is being written for the Nuclear Materials
Control Branch to replace the existing punched-card-based system. These data
entry programs are being written in FTN5, using the MMIK interactive routines
(see PR-P-138: 5.3.3.1; AECL-8267). All programs and corresponding control
cards will be set up in a written procedure for the users.

One has been completed.

5.9.4 Manpower Schedule

M.T. Miller

FORTRAN5 programs, using the MMIK interactive routines (see PR-P-138: 5.3.3.1;
AECL-8267), were written for data entry and modification to the Manpower
Schedule System (see PR-P-138: 5.20.2; AECL-8267). The reporting programs,
which sort by employee or job number, have been written and data is being
entered to test these programs.
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5.9.5 CPR and St. John's Ambulance Reports

M.T. Miller

A system has been set up to keep records of courses given by Radiation and
Industrial Safety Branch. The data are entered by the Central Personnel Records
System (CPRS) staff. Two COBOL5 programs were written to report information
concerning the CPR course and the St. John's Ambulance course. A third program
was written to keep records of people requesting the CPR course.

5.9.6 Mortality Database

L.S. Yamazaki

The mortality database for Radiation Biology Branch that will contain mortality
and dosage information on retired and current CRNL personnel has been modified
and extended to include 1953 and 1958 cleanup dosage information on the Canadian
Forces personnel. Data input is now underway with the use of the Scientific
Information Retrieval (SIR) FORMS package.

5.10 Analysis of Data From Parity Violation Experiment

G.H. Keech

A program was completed for the primary analysis of data collected on the parity
violation experiment being conducted by E.D. Earle (Uwjtron and Solid State
Physics Branch), A. McDonald (Princeton University), and E.T.H. Clifford
(TRIUMF, University of Victoria).

Several new program features are being developed with the assistance of M. Ross
(Neutron and Solid State Physics Branch):

(a) A running check of all the data to flag values falling more than a
pre-selected number of standard deviations away from the average values;

(b) A histogram plot of a parameter showing its average value and the spread
of values about this point;

(c) Scatter printer plots showing the correlat ons between values of two
parameters;

(d) Time plots showing variations of parameters against real time.

5.11 Parity Violation in the Photodisintegration of Deuterium

E.D. Earle, R. Deal and S. Kidner (Neutron and Solid State Physics
Branch) with G.H. Keech, A.B. McDonald (Princeton University) and
E.T.H. Clifford (TRIUMF)

See PR-P-139: 3.19; AECL-8554.

5.12 Data Acquisition System for the Neutrino-Mass Experiment

M.A. Lone (Neutron and Solid State Physics Branch) and A. Sorensen
(University of British Columbia) with C.L. Bear

See PR-P-139: 3.20; AECL-8554.
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5 .13 GAMMA Spectroscopy for NRX Loops

G.L. Klawitter and J.M. Blair, with C.E. Langiais and E.H. Williams
(Design and Technical Service Branch), N.A. Keller (Instrument
Development Branch) and R.D. Delaney and A.J. English (Reactor Loops
Branch)

Software progress to date addresses the following apsects of the NRX gamma
spectroscopy process control program:

(a) the inclusion of tagword data both from the S90 ASCII summary data and the
CAMAC BCD data in spectrum files stored on the DSD-880D Winchester dïive;

(b) the control of CAMAC modules from the PDP-11/23 for the purpose of
collecting reactor status data;

(c) the recognition of CAMAC error conditions by the controlling software and
their subsequent ramifications on process control;

(d) the integration of CAMAC and S90 controlling software.

A test of the replacement system was conducted in NRX during a scheduled shut-
down in March. The test involved the S90, the PDP-11/23 and the process control
software linking the two computers.

Additionally, a CAMAÇ exerciser program has been written to test CAMAC module
hardware functions and assist with software development.

5.14 Ballistics of a Fragment from a Ruptured Pressure Tube

W.N. Selander with C.E. Coleman (Metallurgical Engineering Branch)

Maximum limits were obtained for the acceleration and velocity of a fragment of
a CANDU pressure tube following tube rupture. Forces acting on the fragment were
due to the conversion of pressure tube strain energy to kinetic energy, and
outward expulsion of a jet of water or steam-coolant mixture following depressur-
ization. The jet of depressurized coolant was analysed both as an incompressible
and compressible fluid. It was concluded that steam formation was insignificant
on the time scale of interest, and that the fragment kinetic energy resulting
from the above mechanisms was too small to cause significant damage to the
calandria tube.

5.15 Shielding Calculations

5.15.1 Determination of LEU Core Density Using a Gamma Scanner

P.Y. Wong with L.C. Berthiaume (Fuel Materials Branch)

A LEU fuel (approximately 20 wt.% of U-235 in U) that consists of USiAl and Al
particles is being planned to replace the HEU (93 wt.% of U-235 in U) Al-U fuel
for the NRX reactor. A gamma scanner has been used for checking localized high
U-235 concentrations in the HEU cores. We have been asked by Fuel Materials
Branch if the same scanner can still be used for the LEU cores. The acceptable
limit of USiAl variation is + 5% of the nominal value.
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Simulations using the Monte Carlo code MORSE have been performed both for the
HEU cores and the LEU cores. The results indicate that for the reference HEU
cores, the gamma count rate, assuming a 100% detection efficiency, is approxi-
mately 18,000 counts per second and would increase by 2.2% if uranium concen-
tration is increased by 5%. In contrast, the count rate for the reference LEU
cores is approximately 6,650 counts per second and would increase by 0.7% if
USiAl concentration in the LEU cores is increased by 5%. Our results als^
indicate that due to uranium self-shielding, gamma count rate in the LEU case
is very insensitive to USiAl concentration. It shows that a 10% increase of
USiAl concentration from the reference LEU cores would only increase the count
rate by 1.7%. In the HEU case, uranium self-shielding is not a serious problem
as the uranium density is low (uranium density is 0.68 g*cm~3 in HEU cores and
3.2 g-cm-3 in LEU cores). These results suggest that the same gamma scanner
may not be suitable for checking LEU core density.

5.15.2 Multigroup Neutron and Photon Cross-Section
Libraries for MORSE

P.Y. Wong, C.L. Bear and S.E. Adams

MORSE is a general purpose Monte Carlo code for the simulation of neutron and
photon transport. To run the MORSE code, the nuclear cross-section data must
be available in a multigroup format. To prepare a suitable neutron and photon
cross-section libraries for MORSE, we have assembled from the VITAMIN-C library
(DLC-41B, Radiation Shielding Information Center, ORNL) a 25-group neutron
library and a 36-group photon library using the AMPX (TM-3706, ORNL, 1976) pi
cessing code system. The neutron library covers an energy range from 14 MeV to
10 eV and contains 61 materials; the photon library covers an energy range
from 14 MeV to 10 keV and contains 47 materials. Materials available in the
neutron library are: H-l, H-2, H-3, He-3, He-4, Li-6, Li-7, Be-9, B-10, B-ll,
C-12, N-14, 0-16, F, Na-23, Mg, Al-27, Si, K, Ca, V, Cr, Mn-55, Fe, Ni, Cu, P-31,
S-32, Cl, Ti, Nb-93, Co-59, Mo, Pb, Zirc-2, Zr-nat, Sn, Ba, Ag-107, Ag-109,
Cd, Eu-151, Eu-153, Ta-181, W-182, W-183, W-184, W-186, Th-232, U-233, U-234,
U-235, U-236, U-238, Np-237, Pu-238, Pu-239, Pu-240, Pu-241, Pu-242, Am-241.
Materials available in the photon library are: H-l, Li-6, Li-7, Be-9, Be-10,
C-12, N-14, 0-16, F, Na, Mg, Al-27, Si, P-31, S-32, Cl, K, Ca, Ti, V, Cr, Mn-55,
Fe, Co-59, Ni, Cu, Zr-nat, Nb-93, Mo, Sn, Ba-138, Eu-151, Eu-153, Ta-181, W-182,
W-183, W-184, W-186, Pb, U-235, U-238, Pu-239, Pu-240, H20, stainless steel 304,
stainless steel 306, and concrete.

5.15.3 Simulations of Low Level Waste Gamma Activities

P.Y. Wong with G.W. Csullog (Chalk River Environmental Authority)

One study in the disposal of low level waste is to determine how to relate the
detector measurements of a bale of low level waste to the actual activities in
the bale. In response to a request from the Chalk River Environmental Authority,
simulations of detector responses due to gamma sources of interest located at
selected positions of a bale have been performed using the Monte Carlo code
MORSE. In these simulations, the bale dimension is 95 cm x 55 cm x 75 cm, and
a bale was taken to contain 72 bags of low level waste; the material in the
bale, approximated by hydrogen and carbon, was assumed homogeneous. These
results are being used in a statistical analysis now underway by the Chalk
River Environmental Authority.



5-15

5.15.4 Gamma Radiography for Inspection of Voids in Thick Metal Slabs

F.U. Ahmed and M.A. Lone (Neutron and Solid State Physics Branch)
with P.Y. Wong

See PR-P-139: 3.22; AECL-8554.

5.15.5 Monte-Carlo Computer Codes For Assessment
of Radiation Processing with Electron Accelerators

M.A. Lone (Neutron and Solid State Physics Branch) with P.Y. Wong,
D. Chan (Accelerator Physics Branch) and S. Douglas (Reactor Physics
Branch)

See PR-P-139: 3.23; AECL-8554.

5.16 Studies in Heated Plumes

W.N. Selander with P.J. Barry and D.P. Wildsmith (Environmental
Research Branch)

See PR-HS-17: 3.3.1; AECL-8553.

5.17 Evaporation and Condensation of Bubbles in Subcooled Boiling Flow

W.N. Selander

Several aspects of bubble behaviour in subcooled flow boiling have been investi-
gated, with particular reference to the proposed SLOWPOKE-' heating reactor.
The study included growth and detachment of bubbles, unsteady drag forces and
the rate of approach of bubbles to terminal velocity and collapse rates. Based
partly on the above study, an evaporation/condensation model describing axial
void profiles in single-channel subcooled nucleate boiling was developed. Good
agreement with experimental void profiles was obtained. The above work has been
summarized in two unpublished reports.

5.18 Computer Simulation of Ultrasonic Testing of Metals

D.B. Duncan

The computer simulation method developed at CRNL has been refined and various
problems encountered in the numerical approximation have been solved. The major
problem was instability of the numerical scheme at the edges of the object being
tested and this was corrected by adapting a technique outlined in an unpublished
source.

A modification of the basic numerical scheme has been devised which doubles the
efficiency of the simulation, i.e., to obtain the same results only half the
storage and half the execution time of the original simulation is required.
This is particularly significant because it allows us to model larger and more
difficult problems.

The simulation has been used to demonstrate how variations in crack size and
position, input pulse size and geometry, and other factors affect the detected
response when testing an object. Tests, which were carried out as part of a
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project of Nondestructive Testing Development Branch, successfully demonstrated
these effects on the detection of near vertical cracks. Applications to other
projects is anticipated.

5.19 The PPDS Data Bank

G.A. Petrovich and P.Y. Wong

Some of the HTFS codes are designed to access the PPDS (Physical Property Data
j>ervice) data bank which is operated by the British Institution of Chemical
Engineers. The data bank contains evaluated data of the physical properties of
over 400 chemical compounds. A copy of the PPDS data bank has been implemented
along with those codes that are equipped with an HTFS-PPDS interface. HTFS
codes that can access the PPDS data bank are ACOL, DACE, TASC and TREB. Users
of these four codes can now specify the use of PPDS data as described in the
user manuals.

5.20 Computer Use by Division

The following table is an analysis of the jobs processed during the first
half of 1984:

Utilization
Number of Jobs System Seconds

Corporate Head Office
Radiochemical Company
Chemical Company
Engineering Company
WNRE
CPRS
CRNL:
Computing Centre
Contracts
Information Services
Health Sciences
Chemistry & Materials
Physics
Electronics, Instrumentation
& Control

Advanced Projects
& Reactor Physics

Fuels & Materials
Administration
Finance
Operations
Maintenance & Construction
General Services
Plant Design
Special Projects
Environmental Authority
Commercial Operations
Quality Assurance
Others

2704
928
475

28253
11939
113

46199
1630
979

12974
4033
16890

1969

41431
22614
2528
6250
7166

1
959
2003
6315
660
1297
285
81

220676

(1.23%)
(0.42%)
(0.22%)
(12.80%)
(5.41%)
(0.05%)

(20.94%)
(0.74%)
(0.44%)
(5.88%)
(1.83%)
(7.65%)

(0.89%)

(18.77%)
(10.25%)
(1.15%)
(2.83%)
(3.25%)
(0.00%)
(0.43%)
(0.91%)
(2.86%)
(0.30%)
(0.59%)
(0.13%)
(0.03%)

97292
10716
6881

819597
549950
1167

1102706
87580
42097
257111
156383
593970

892757

2008753
465639
38958

129409
402499

1
10694
41282

137822
14307
20544
3369
1945

7893429

(1.23%)
(0.14%)
(0.09%)
(10.38%)
(6.97%)
(0.01%)

(13.97%)
(1.11%)
(0.53%)
(3.26%)
(1.98%)
(7.52%)

(11.31%)

(25.45%)
(5.90%)
(0.49%)
(1.64%)
(5.10%)
(0.00%)
(0.14%)
(0.52%)
(1.75%)
(0.18%)
(0.26%)
(0.04%)
(0.02%)
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5. 21 Reports, Publications and Lectures

Reports

AECL-8348, AN INTRODUCTION TO COMPUTING ON THE CRNL SYSTEM
G.A. Petrovich
1984 March

AECL-Misc-189 Rev 3, A QUICK GUIDE TO THE CRNL COMPUTING CENTRE
Prepared by Mathematics and Computation Branch, edited by E.A. Okazaki
1984 April

CRNL-2578, FROM2 - FULL RANGE OXIDATION MODEL FOR ZIRCALOY-4
F.C. Iglesias and D.B. Duncan
1984 February

Publications

COMPUTING CENTRE NEWSLETTER, Vol. 11, Nos. 1 through 6
Edited by E.A. Okazaki

MODELLING OF TEMPERATURE AND STRESSES FOR HOT ROLLING DIFFUSION
J.J.M. Too, S. Baset, G.E. Ruddle and A.F. Crawley
Proceedings of the 7th Symposium on Engineering Applications of Mechanics
University of Toronto
1984 June 18-19

Lectures

INTRODUCTION TO FORTRAN 5
Algonquin College of Applied Arts and Technology, Continuing Education
Course
M. Shaarani
CRNL
1983 October 4 to 1984 February 7

DIFFERENTIAL EQUATIONS SOFTWARE PACKAGES UNWRAPPED
D.B. Duncan
CRNL
1984 March 2

NUMERICAL APPROXIMATION OF THE ELASTIC WAVE EQUATION
D.B. Duncan
University of Toronto
1984 April 10

COMPUTER SIMULATION OF ULTRASONIC TESTING TECHNIQUES
D.B. Duncan
CRNL
1984 May 3
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6.4.2 Electron Test Accelerator
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6.1 Staff

BRANCH HEAD:

Professional Staff

C.B.
J.C.

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

L* * K. • J •

J.A.
R.M.

J.-P.
J.

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

T.
J.

Bigham
Brown
Chan
Chidley
de Jong
Funk
Heighway
Hepburn (1)
Hoffmann
Hulbert
Hutcheon
Labrie
McKeown
McMichael
Schneider
Schriber
Shuhaly
Tran Ngoc
Ungrin (2)

Mechanical Laboratory

J.E.
R.J.
D.G.
R.J.
J.F.

Anderchek
Bakewell
Hewitt
Kelly
Weaver

Attached Staff

J.H. Ormrod

Technical Staff

R.T.F. Bird
L.F." Birney
R.J. Burton
H.F. Campbell
D.W. Clements
R.W. Davis
M.A. Derewianko
J.C. Jones
S.H. Kidner
R.G. Maggs
J.E. McGregor
W.L. Michel
R.E. Milks
J F. Mouris
J.G. Plato
L.W. Shankland
R.A. Vokes

Laboratory Services

K.T. McKee

Secretarial Staff

M.A. Trecartin

Waterloo Student

T.P. Dielschneider (3)

R. Gagnon (4)

Visiting Scientist

N.J. Diserens (5)

(6)

N.W. Melcher

Summer Students

M.F. Coulas
N. Rowlands

N.E. Gray

(7)

(8)
(9)

(10)

(1) Attached half time from the Office of the Director of Research.
(2) Posted to GSI, Darmstadt, West Germany, 1983 August 31.
(3) Attached Staff from the University of Saskatchewan, Saskatoon,

arrived 1984 April 02, resigned 1984 June 15.
(4) Attached Staff from CEGEP de la Pocatière, arrived 1984 May 22.
(5) Visiting Scientist from Rutherford and Appleton Laboratories,

Oxfordshire, England, arrived 1983 October 3.
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(6) Transferred to Neutron and Solid State Physics Branch, effective
1984 May 01.

(7) Arrived 1984 May 07.
(8) Arrived 1984 May 02.
(9) Arrived 1984 May 08.

(10) Arrived 1984 June 25.
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6.2 Nuclear Power Applications

6.2.1 High Current Proton Accelerator

S.O. Schriber

Design and development continued for components of high current 100% duty
factor proton linacs that are bain.g used to study aspects of an electronuclear
breeder. With the indefinite postponement of ZEBRA, program emphasis has
changed and is currently focused on injectors, diagnostics, beam transport,
structures and operation of present systems.

6.2.1.1 Ion Source and Injector Development

Development of high current reflex-arc ion sources continued along with
studies of the transport of space-charge neutralized beams.

6.2.1.1.1 Test Facilities

M.S. de Jong and M.R. Shubaly

A new beam stop was installed on the Ion Source Test Stand (ISTS) emittance
measuring unit. This stop uses swirl tubes which allow operation at a much
higher power density than earlier designs. An 0-ring flange was installed on
the emittance unit tank to facilitate future maintenance. Roughing vacuum
lines have been rebuilt to eliminate rubber hoses.

Design of the new X-Y emittance measuring unit is complete and fabrication is
well underway. Design of the control system for this is proceeding.

An intermittent problem with spurious ac and dc overload faults on the
Injector Test Expariment (ITE) high voltage power supply was traced to damage
in metal oxide Varistors on the primary side of the high voltage transformer.
The supply is now operating very reliably. The n=!/2 bending magnet for ITE
has been fabricated and is ready for installation.

6.2.1.1.2 High Current Ion Source

M.R. Shubaly

Further optimization of the ion source when operated on oxygen has resulted in
an increase of the atomic fraction to « 60% and the achievable 0 + current
available from seven apertures to 125 raA. Filament lifetime has been improved
to about 11 hours at full current.

6.2.1.1.3 Injector Design and Development

M.R. Shubaly and M.S. de Jong

Design of all components for the RFQ1 injector (including the first solenoid)
is complete and fabrication of components is 80% complete. Testing of the new
power supply systems for the plasma generator has started.
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6.2.1.1.4 Diagnostics

M.S. de Jong

Development of beam light profile monitors using RL256G and RL256C/17 photo-
diode arrays from Reticon Corporation continues. Design of profile rronitor
modules, each consisting of one array, associated electronics and a TV lens,
is complete. The first 4 modules are being fabricated.

Measurements of the spectral properties of the beam light have continued. A
new photomultiplier tube with enhanced red response was purchased for the
0.5 m Ebert scanning spectrometer. With the installation of this tube, the
most intense line observed was the first Balmer line, Ha, at 656.2 nm.
Measurements of the Doppler shift and broadening of this line, as discussed in
PR-P-138, 6.2.1.1.4; AECL-8267, have been made under various ion source oper-
ating conditions. The spectral data were collected using an 8086 based micro-
computer system and stored on floppy disks for later analysis. The develop-
ment of a transverse beam velocity profile monitor based on accurate measure-
ments of the shape of the shifted H a line appears to be possible. Experi-
ments examining this possibility are continuing.

6.2.1.1.5 Control and Instrumentation

M.S. de Jong and M.R. Shubaly

Development of the control and instrumentation system for RFQ1 and the ion
source test facilities is proceeding. The interface circuitry between the
microcomputer bus in the rear of the crate and the plug-in module bus in the
front of the crate has been completed. A software package has been developed
to permit configuration of the up to sixty-nine levels of interrupt possible
in the system. The first fully interrupt controlled board (for a printer, two
serial links and digital tape drives) has been developed. A temperature
module and a flow module that plug into the front of the crate are being
commissioned.

Development of the two emittance unit controllers is progressing well. The
stepper-motor controller, drivers and the incremental encoder electronics have
been prototyped and final design is underway.

The 8086 based microcomputer system used for development of beam light diag-
nostics has been upgraded with H new floppy disk drive controller board and a
512 kilobyte memory board. The operating system was changed to INTEL'S 1RMX86
with PL/M-86 and FORTRAN-86 languages. After a few initial difficulties, the
system is now operating reliably.

6.2.1.2 Code Development and Analysis

Work continued on modifications, improvements and developments of codes for
beam dynamics, beam transport, magnet design and rf cavity design.
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6.2.1.2.1 Background Gas Tonization

M.S. de Jong

A theoretical model for evaluating the effect of positive ions generated by
ionization of the background gas on the beam in a radiofrequency quadrupole
was developed. The effective loss rate was estimated, based on a model of
diffusion produced by multiple-scattering of the ions by the background gas.
The equilibrium charge density of the background ions and its effect on radio-
frequency quadrupole beam dynamics were determined. For RFQl this effect
would result in a reduction ""f the current limit by about 3% when the back-
ground gas pressure is 0.13 mPa. The limit would be reduced by about 13% if
the pressure increased by a factor of 10.

6.2.1.2.2 Linac Design Codes

B.G. Chidley

The computer code MIRKO for beam line design written by B. Franczak at GSI has
been obtained and has been translated in preparation for running on the CRNL
computers.

6.2.1.2.3 Finite Element Modeling of Radiofrequency Quadrupoles

N.J. Diserens

Two computer programs have now been written employing a finite element model
of an RFQ cell. The first program, RFQCOEF, solves for the potential distri-
bution within the cell and extracts the harmonic coefficients for the rf
potentials using a least squares fit over the nodes in the region of the
beam. This program is now used in place of the much slower CHRG3D program to
provide coefficients for use in the PARMTEQ dynamics program.

The second program,RFQTRAK, will track a beam of particles through two cells
of an RFQ using the space charge potentials obtained from a finite element
model of the distribution of particles and also using the harmonic coef-
ficients obtained from the first program for the rf potentials. Tests with
the two cell model appear satisfactory and the program is being extended to
represent a longer RFQ.

6.2.1.2.4 RFQ3D Code Development

R.M. Hutcheon, D.B. Duncan (Mathematics and Computation Branch)

The code RFQ3D, an equivalent circuit code for simulating full three
dimensional RFQ properties, was expanded in capability to handle up to seven
shorting straps. As well, a mini operating manual was included as comments in
the listing and the whole routine tidied and made portable. The code was
transferred to the Accelerator Technology Division at Los Alamos in April and
put on their VAX for interactive operation. Initial calculations for the AT-2
RFQ accelerator agreed reasonably with experiment.
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6.2.1.3 High Current Test Facility

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

6.2.1.3.1 Injector

G.E. McMichael

The injector was operated for a short period in March to provide a 750 keV
proton beam to the RFQ Sparker. Of the 1 mA beam that was transported through
the Alvarez tank, 600 uA was delivered to the Sparker with 300 uA being trans-
mitted.

6.2.1.3.2 High Power RF Systems

J.C. Brown

Tests were conducted to confirm the ability of the triode amplifier of the
270 MHz rf system to operate in the pulsed mode. Because of its very high
gain (« 1800) and its basic design (many triodes in parallel) the tube is sus-
ceptible to internal oscillations at frequencies well above the operating
value (1000-2000 MHz).

By choosing an operating point well below the class B value, the tube would
shut off and remain quiescent when drive was removed. With pulsed drive, the
tube would remain quiescent between pulses with an output proportional to
drive (although its linearity was degraded because it was operated close to
class C conditions). As with cw operation, when the power output was below 30
to 40 kW, the output was noisy (both harmonics and spurious modes) at some
settings of the resonators.

Pulse operation was limited to low duty factors because of design shortcomings
in the anode dc power supply which was designed for a steady dc load current.
Because of the large series inductance of the filter choke, the output capaci-
tor charge time was long, forcing the load current to be supplied entirely
from the capacitor bank. Pulse voltage droop was large and the discharge
limiting resists in series with the capacitor across the output had to handle
a greatly increased dissipation.

Work continued on improvements to the interlocking control circuitry to
accommodate incorporation of the new solid state exciter. A number of low
level interlocks no longer required were removed and cabinet wiring was
re-organized.

6.2.1.4 Structure Development for Ion Beams

A number of experiments are in progress to demonstrate 100% duty cycle oper-
ation of structures for high current ion beams.
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6.2.1.4.1 RFQ Vane Machining

B.G. Chidley

ProfHoc .ter measurements were made at Westinghouse Renfrew on the test vane
tip and an analysis of the results showed that the positioning accuracy of the
milling machine was extremely good (a = 0.002 mm) over a short region of the
tip but an alignment problem was visible near the center of the test piece.

Vane tip construction has been altered from the 1.5 * Kilpatrick design
described in PR-P-138, Table 6.2.3; AECL-8267. A solid copper tip will be
used that is 1.2 mm wide (instead of 2.8 mm). The control tape generation
programs were modified to incorporate these changes and impose special case
restrictions which apply over some regions.

6.2.1.4.2 Copper Plating

R.B. Turner (Special Projects Division)

A model drift tube stem which had been returned to the plating firm for
additional plating has been received. The stem required some lathe work to
achieve tolerances for the diameter and finish. This model will be installed
in the Resonant Load following final absembly.

Carbon steel cylinders have been sent to two plating firms. They will be used
for Q measurements to determine the electrical conductivity of the plating.
Satisfactory copper plating on aluminum samples has been obtained but the
selected plater cannot handle large objects. A steel lid for the Resonant
Load has been satisfactorily copper plated.

A non-destructive test device for measuring plating thickness on magnetic
substrates has been received.

6.2.1.4.3 Resonant Load

J.C. Brown,, G.E. McMichael and R.B. Turner (Special Projects
Division)

Development of two versions of high power drive loops for the facility con-
tinued. Manufacture of the first unit with a ceramic disc window (PR-P-138,
6.2.1.4.3; AECL-8267) is now about 50% complete.

The second version uses a cylindrical ceramic window. A design was scaled
from a larger GS1 assembly, however the metal attachments which aro brazed to
the outside of the cylinder, are air rather than water cooled. Construction
is underway with delivery expected in September.

Coupling and low power measurements on a cold test model of this version were
completed for two cylinder lengths. These show that future units should use a
window with an effective length to mean diameter of 1-1.2 rather than 0.9 of
the current design because it produces a better match. (The effective length
is the length of the cylinder exposed to the electric field between the inner
and outer conductors.)
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Future work will favor the cylindrical window be« e the mechanical stresses
are compressive and because a disc window tends I" be very large in diameter.
In addition, it is relatively easy to produce designs in vhich the ceramic
does not look directly at the beam in an accelerator cavity.

Following completion of the Sparker cavity test program, the Resonant Load was
prepared for power operation. A short conditioning run up to about 65 kW was
made to ensure that any operating shortcomings were corrected before the base
fixture for evaluating the RFQ1 vane seal was installed.

During cavity preparation, the centre conductor of the aluminum drive loop was
found to be damaged by rf arcs and discharges. This probably occurred during
power conditioning runs to 170 kW in 1983. A 7 cm section of the centre con-
ductor next to the teflon vacuum window was extensively marked and some arc
tracks were found on the loop conductor and along the transmission line
section. Surfaces were cleaned prior to operation.

During the first test power run, a glow appeared around the centre conductor
at power levels above 40 kW. Methods for suppressing secondary electron
emission from the aluminum surfaces are being investigated since it is
believed that this may lead to ion bombardment and subsequent rf breakdown.
Using a titanium nitride coating process developed at LANL, the thin film
deposition facilities of the Nuclear Physics Branch were used to coat the
vacuum surfaces of the inner and outer conductor to approximately 10-30 nm
thick. A short test power run to 45 kW was made but results are inconclusive
- a visual inspection following this short run revealed some darkening of the
coating on the previously heavily damaged area.

A leak on the top flange seal was traced to two weld seam holes in the sealing
surface of the lower flange. These had been patched about a year ago with a
high density epoxy and where rhe holes extended beyond the sealing area the
epoxy was gradually pushed out. A more permanent repair was made by refilling
the holes with aluminum weld and machining off the excess material.

6.2.1.4.4 RFQ Sparker

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

The sparker experiment is complete and has satisfied its objective of
assisting in the choice of a practical operating design gradient for RFQ1»
After conditioning, the sparker operated stably at 2.3 Kilpatrick cw and at
2.9 Kilpatrick for a 0.25 ms pulse length. The microdischarge and sparkdown
rates were not influenced by the presence of a 0.3 mA, 750 keV proton beam,
either accurately aligned through the bore or deliberately steered onto the
vane tips. As well, pressures of hydrogen, nitrogen and argon up to
9 * 10"^ Pa had very little influence on the microdischarge rate. On the
basis of these results, the maximum design field for RFQ1 was revised to 2
times the Kilpatrick limit.

Although no clear understanding of the voltage limiting phenomena was
obtained, several interesting and useful observations were made. During
pulsed and cw operation, both light and x-rays are emitted by the structure.
In cw mode, the light and x-ray intensities have a very similar dependence on
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vane voltage. In pulsed operation, the risetime of the light and x-ray
intensities are approximately the same, about 1.3 ms, and the fall times
shorter and different (about 0.8 ms for light, < 0.15 ms for x-rays).

During cw operation, events occurred (termed "microdiecharges") which con-
sisted of a complete collapse of the structure rf field over approximately
2 us (500 rf cycles) and then re-establishment of the fields with a fill time
of approximately 8 us (Fig. 6.2.1 (a)). The light and x-ray intensities were
monitored during the field collapse using a low gain photomultiplier and an
x-ray sensitive scintillator (Fig. 6.2.1 (b) and (c)). The emission of light
persista long after the tank power has been re-established, but decays to an
equilibrium level after more than 150 ys. The x-ray emission goes to zero
during the field collapse, and then rebounds slightly above ambient before
returning to normal. The oscilloscope was triggered on decreasing tank power,
so it is not known if the x-ray intensity showed a sharp rise before the tank
power collapse. This would be an important point to check during future oper-
ation, for it might give a warning of an impending microdischarge.

6.2.1.4.5 RF Quadrupole Studies

R.M. Hutcheon, T. Tran Ngoc and R.A. Vokes

(a) RF Design, Alignment and Modeling

The RFQ1 radiofrequency quadrupole is to be a copper plated mild steel
structure. A method is required to measure the rf conductivity of the copper
plating to enable a choice between different copper plating firms and to
monitor their performance. Measurements should be performed at the RFQ1
frequency (268 MHz), but measurements at higher frequency probably measure a
"worst case", as they are more sensitive to the surface of the plating layer.
A greater problem is the reproducibility of the rf contact resistance at the
assembly joints. A traditional method of avoiding this is to use the T E Q U
mode of a cylindrical cavity, which has no rf current flow across the end
plate joint. To test this method, a copper plated stainless steel TE Q l i

cylinder had a measured Q = 85 000 ± 6% which agrees with the theoretical
Q = 84 200 (theoretical copper conductivity of 5.69 * 10 mhos/m was
assumed). For this measurement, the copper plated end plates were simply
clamped over the cylinder ends, with no gaskets or finger stock at the end
joint.

The cost of plating tests can be reduced if the plating conductivity can be
adequately determined using a plated cylinder but standard OFHC copper end
plates. This requires determining the ratio of the losses on the end plates
to those on the cylinder. A series of measurements using mild steel and
copper end plates and cylinders showed the feasibility of this.

A special target system to be used with the telescope in the alignment of the
four vanes of the cold model was designed. Fabrication is complete except for
the two target plates that need to be fitted on each end of the main tank. No
further development is underway for the external reference system that is
needed to check the alignment of the different parts of RFQ1 under operation.
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Fig. 6.2.1 (a) Tank power during cw operation showing a tank field collapse
(microdischarge).

(b) Light intensity during and after the microdischarge.
(c) X-ray intensity showing three different observed histories.
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Construction of the aluminum "cold" model is about 90% finished. The set of
four vanes with straight tips was completed, inspected, and found acceptable.

(b) Four Rod Geometry

Both theoretical and experimental studies of the four-rod RFQ were completed.
The computer code RFQ3D was used to calculate the longitudinal field distri-
butions for a four-rod 104 MHz cold model, and a comparison with experiment is
shown in Fig. 6.2.2.

a
o
(XL

ôg 1
Q "I

a ce
0,5

<. LU

0

f = 104.35 MHz

THEORY (RF0.3D CALCULATION)

EXPT. (BEAD PULL ON MOOED

1 1 J_ j _

-0,4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 04

LENGTH (m)

Fig. 6.2.2 Comparison between the rod-to-rod electric field distributions
measured on the cold model and calculated using the code RFQ3D.

Construction has started on a high power 108 MHz four-rod sparking test unit
approximately 1 metre in length. The four-rod RFQ is a torch brazed structure
made of copper and brass. Garter springs are used to make rf connections at
the rf internal structure/outer cylinder joint and at both ends of the
cylinder where the end cover plates are mounted. Fluorocarbon '0' ring
gaskets will be used. Due to restricted dimensions, cooling will require
relatively high water velocity (maximum v = 4.1 m/s), high AT between inlet
and outlet water (maximum AT =• 21°C) and a pressure drop of 350 kPa from the
inlet to outlet header. The University of Frankfurt has agreed to cooperate
in the four-rod RFQ tests, and high power operation of the structure will be
done in Frankfurt using their 108 MHz, 100 kW-cw rf source.

6.2.1.4.6 RFQ1 (75 mA cw, 600 keV Accelerator)

G.E. McMichael, T. Tran Ngoc and A.A. Walton (Civil and Mechanical
Design Branch)

There have been substantial changes in the mechanical design of the RFQ in the
last six months. Concerns raised at and subsequent to the design review in
June 1983, have been adequately addressed in the revised design. A number of
experiments and calculations to check the viability of some of the novel
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design concepts have been completed. Others are In progress and should be
completed In time for the planned final design presentations in September, the
last major step before starting construction of the R?Q structure.

In the revised design, the "tank" becomes four separate mild steel beams
welded between heavy end flanges. Each beam has holes for vacuum ports, rf
power supply, viewing ports and probes. The STARDYNE programme was used (with
assistance from L.G. Legris, Civil and Mechanical Design Branch) to analyze
stresses, deflections and bending moments for the beams produced by the
external atmospheric pressure. A suitably rigid structure has been developed.

Although the design field in the RFQ (1.5 * Kilpatrick) should be reached with
about 130 kW of rf power, the tank cooling has been designed for
2 * Kilpatrick fields. Under these conditions, the maximum surface heat flux
to the cylinder is about 11 W/cm2 and the total power is almost 250 kW. The
TRUMP programme was used (with assistance from P.Y. Wong, Mathematics and
Computation Branch) to generate temperature profiles for the accelerating
vanes and the tank body. Results are very encouraging and indicate that
thermal expansion effects will be small. The proposed cooling channel
arrangement is close to optimum.

Perceived problems with the omega seal were never successfully resolved, and
an alternative method of providing an adjustable vane to tank rf and vacuum
seal has been adopted. This is a racetrack shaped OFHC copper plate 1.6 mm
(1/16") thick. The seal must conduct cw high power radiofrequency currents,
provide flexibility for small vane adjustments, and maintain a high vacuum
seal by means of knife-edge joints all around the external and internal
perimeters. Two small scale testing rigs were designed and made to test this
joint. They indicated that a suitable vacuum could be maintained while
adjusting the vane height plus and minus 0.5 mm, for thirty or more cycles.

A device to test the copper membrane under rf conditions using the Resonant
Load was designed and is under construction. The proposed tests will measure
the temperature of the membrane and some adjacent points on the main body and
on the membrane compressor for comparison with calculated values from the
TRUMP computer code.

6.2.2 Electron Test Accelerator

J. McKeown

This accelerator is used for accelerator physics research with coupled cavity
structures. The electron beam is also used for industrial irradiation
purposes and as a source of electron and gamma radiation for fundamental
research.

6.2.2.1 Accelerator Operation

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

The accelerator was operated in support of the Beam Cavity Interaction Experi-
ment for the first three months of the period. It was necessary to recon-
struct the injector to accommodate the pulsed gun and obtain new operating
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conditions to accelerate sufficieîit current to excite the roodes of interest in
the test cavities. A peak, current cf 50 mA, corresponding to an overall
transmission of 1%, was drifted through the two cavities after the 90° bend.
Major losses along the accelerator occurred at the Injection line, the M4
first section, and the 90° bend with transmissions through these sections
respectively 50%, 25% and 10%. Instability of beam operation indicated possi-
ble beam blowup after the buncher. Presently, the pulsed gun has been removed
from ETA and installed in the pulsed gun teat stand in Bldg. 145 with the
buncher to resolve problems encountered in the injection line.

Almost a month was required to transfer the irjeci"or configuration to use the
dc gun. The opportunity was taken to redesign the flat-bed to fix the
location of beam line components, so that the electron source could be readily
changed in future with reproducible transport settings.

The new klystron stand for the third klystron was provided with essential
services and the stand is now ready for commissioning tests. Attempts con-
tinue to reclaim a klystron which failed in the previous period.

6.2.2.2 RAPELA Study

J. McKeown, J.-P. Labrie, L.W. Funk with Plant Design

A conceptual design of a RAdiation Processing Electron Linear Accelerator
(RAPELA) was undertaken in the first three months and its cost estimated. The
machine would deliver electron beams from 2.2 to 10 MeV in energy and 0 to
50 mA intensity at up to 100% duty factor for industrial applications. Most
components are commercially available and only modest development is required
on others.

The three main factors determining the basic characteristics of the celer-
ator are energy gradient, operating frequency and structure type. We have
chosen 2 MeV/m, 2.45 GHz and the on-axis coupled structure respectively for
these characteristics. Beam loading is 63% at the design current.
Figure 6.2.3 shows a drawing of the accelerator inside its concrete
enclosure. The study has shown that the concept is technically viable and the
accelerator would be a very intense radiation source.

6.2.2.3 Radiation Studies

6.2.2.3.1 Computation

K.C.D. Chan with M.A. Lone (Neutron and Solid State Physics Branch)

Calculations of bremsstrahlung and neutron yields from electrons continued to
provide pertinent information to the RAPELA study. A compilation, useful for
target and shielding designs, is presently being prepared for electron ener-
gies up to 25 MeV and natural element targets of Al, Fe, Cu, Ta, W, Pb and U.
Bremsstrahlung yields are calculated by the Monte Carlo method using ETRAN.
Neutron yields are calculated with the track length distributions from ETRAN
and recently compiled neutron cross sections. The use of the Monte Carlo
method and evaluated neutron cross sections provide more reliable neutron
yields particularly at electron energies close to the photo-neutron threshold.
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Fig. 6.2.3 Artist's view of proposed accelerator inside its concrete shield.
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Five MeV is the Codex Alimentarius Commission limit for gamma-ray irradi-
ation. The implication of the limit on a bremsstrahlung irradiator can be
seen in Fig. 6.2.4 which shows calculated bremsstrahlung yields of 5 MeV
electrons on tantalum. The percentage of electron energy converted into
bremsstrahlung energy in the forward and backward directions is shown as a
function of target thickness. A maximum conversion of 9.5% in the forward
direction is attained at a target thickness of half the electron range,
thereby setting the lirait for bremsstrahlung generation efficiency.
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Fig. 6.2.A Bremsstrahlung generation from 5 MeV electrons on a tantalum
target.
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6.2.2.3.2 Yield Experiment

J. McKeown

A simple bremsstrahlung yield experiment was carried out at NRC with a
tantalum target at a nominal 10 MeV. The principle of the experiment was to
measure the energy deposited in a fully stopping water calorimeter with and
without the tantalum radiator. The difference in deposited energy for a given
charge through a calibrated toroid was judged to be mainly radiated photons.
Very repeatable results of 26 ± 2% were obtained but an absolute measurement
of the bremsstrahlung yield awaits an accurate measurement of the beam energy
and a careful study of the exposure dose.

6.2.2.3.3 Monte-Carlo Codes for Assessment of Radiation Processing with
Electron Accelerators

M.A. Lone with P. Wong (Mathematics and Computation Branch),
K.C.D. Chan (Accelerator Physics Branch) and S. Douglas (Reactor
Physics Branch)

See PR-P-139, 3.23; AECL-8554.

6.2.2.4 Beam Cavity Interaction Studies

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

The experimental study of the interaction between an electron beam and third
harmonic on-axis and coaxial coupled structures was pursued. Non-resonant
modes were excited with 4 MeV beam pulses. The pulsed thermionic electron gun
was operated at a repetition frequency of 5 kHz and produced 2.2 x 10 C in
5 ns beam pulses. Four beam bunches separated by 1.24 ns were obtained at the
ETA output for each gun pulse. The beam bunches were drifted through the
third harmonic structures and the beam-excited modes were observed with a
spectrum analyzer. Results shown in Fig. 6.2.5 indicate that the density of
beam-excited modes is significantly less for a coaxial coupled structure and
that the possibility of excitation of beam breakup modes is therefore reduced.

6.2.2.5 Structure Development

J.-P. Labrie

The computer modeling of the behaviour of cw linear accelerator structures
under power was continued and results show that the thermal detuning (or
change in the stopband frequency gap) of TT/2 mode structures at high power is
comparable to the detuning arising from fabrication tolerances. The limiting
factor in the power handling capability of a structure arises from the thermal
stresses in the region near the beam aperture. For a 2450 MHz structure with
circumferential cooling only, the thermal stresses will exceed the yield
stress of OFHC copper at an average energy gradient of about 2 MeV/m. The
average energy gradient limit imposed by thermal stresses increases as the
fourth root of the frequency. The thermal stress can be reduced with web
cooling. Figure 6.2.6 shows the cooling circuits of a 2450 MHz on-axis
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coupled structure designed for RAPELA, discussed in Section 6.2.2.2. Results
of our computer modeling will be verified experimentally with a three acceler-
ating structure under construction that will be tested up to an average energy
gradient of about 4 MeV/m in collaboration with the University of Mainz, West
Germany,

6.3 Research Applications

6.3.1 Heavy-Ion Superconducting Cyclotron

J.H. Onnrod and J.A. Hulbert

Design and development of a superconducting cyclotron, as a booster acceler-
ator for the CRNL MP tandem, is nearing completion. The extraction channel is
being assembled as a complete unit, for final low temperature tests before
installation in the midplane of the magnet cryostat.

Installation and commissioning of cyclotron sub-systems in the tandem-
cyclotron building continues. Vacuum, cooling and helium piping around the
yoke is complete, the rf amplifier has been commissioned using a water-cooled
resistive load and rf and trim rod operation via the control computer is
making good progress.

Hardware development of both buncher systems is complete and details of the
control for the bunchers are progressing.

6.3.1.1 Cryogenics

6.3.1.1.1 Cryogenic System

J.A. Hulbert, L.W. Thomson (TASCC Branch), L.F. Birney,
K.A. Dobbs (TASCC Branch)

The CTI 1400 liquéfier in Building 467 has continued to give good service in
supplying liquid helium for extraction channel and cryopump tests.

Familiarization runs with the Koch 2800 HR liquéfier were carried out using
the single screw compressor and a Dewar heater. Further operation awaits the
transfer of the gas recovery components and the remaining compressors from
Building 467. The remote delivery tube connection to the 2800 has been
extended so that the delivery tube may be safely uncoupled without the need to
depressurize the storage dewar. The high pressure gas storage compressor
purchased from Crown Assets has been rebuilt and is r>r>w in operation.

New seals were obtained for the gas selector valves to replace those damaged
during installation. It now appears that the valve body seal on these three-
way valves is badly designed and prevents a tight shut-off. A modification to
the faulty seal is in hand.

The full complement of insulated transfer lines has now been completed and
leak tested at liquid nitrogen temperature.
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The compressor controller which selects gas routing and interlocking in the
helium system is in two units, the mains voltage switching unit and a logic
unit. The first of these is complete and functionally tested. The circuit
boards for the logic unit have yet to be wired.

The software for down loading programs to the sub-system satellite control
computer has been written and compiled under the IAS operating system. Oper-
ation has not yet been tested because the development computer has been fully
occupied in probe system work and the system computer components have only
just arrived on site. The development computer operating system RT-11 has now
been upgraded to the latest version 5.1.

6.3.1.1.2 Main Magnet Cryostat Modifications

J.A. Hulbert, L.F. Birney, R.J. Kelly, L.W. Thomson (TASCC Branch)

The magnet cryostat requires modification at the midplane to accommodate the
magnetic extraction channel and other changes at the towers to fit the channel
leads, instrumentation and the more efficient shield flow connections.

The appropriate midplane spacer blocks have been removed and reshaped and the
channel location surveyed. A known error in the machining of the midplane
surfaces was measured with a cathetometer and also ultrasonically. The dis-
tortion is in the form of a wave with two periods in the circumference. The
maximum off-planar error is 0.6 mm. In the region of the magnetic channel the
error is too small to warrant correction by adjusting the module locations on
the channel strongback.

A flow transducer and pressure control valve have been made for installation
in the shield flow lines. A new seal loading arrangement was devised to
correct a long standing problem in obtaining a good seal at the top of
Tower 3, between the cryostat vacuum and the helium vent. The new seal sepa-
rates the two by an atmospheric "guard", provides a greater, more easily
applied seal load, and appears to work well.

The spare tube, originally capped off in Tower 1, has been opened to provide a
route for the channel power leads. Despite deviations from the proper
location at the lower end there seem to be no serious problems in fitting the
leads and the lead conduit design is being completed.

The thermal shield inner panels have been cut to accommodate the extraction
channel, the low temperature superinsulation adjusted at the cryostat inner
wall and the panels replaced. Following leak and pressure testing of the
panel cooling joints the cryostat inner vacuum wall has to be installed before
the channel can be inserted because it threads the wall at the midplane.
Reshaping of midplane copper rf panels to make room for the channel is iraking
good progress in the 412 sheet-metal shop.
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6.3.1.2 Radiofrequency System

C.B. Bigham, R.J. Burton, J.E. McGregor, E.P. Stock (TASCC Branch)
and N. Melcher

6.3.1.2.1 Accelerating Structure

Installation work in Bldg. 137 continues. The cooling water and vacuum
headers have been installed and tested. The rf drive capacitor has been
lengthened to fit the higher cyclotron elevation relative to the floor. A jig
has been constructed to assist with dee installation and removal while the
upper pole is in the yoke. A spare set of tuner push rods has been fabricated
because of the vulnerability of the seal surface finish of the rods.

6.3.1.2.2 Power Amplifier

The power amplifier installation in Bldg. 137 is complete with the 6" coaxial
transmission line connected to the dummy load beside the cyclotron. Tests
have been run up to the nominal 100 kW full power over the full 31-62 MHz
frequency range.

6.3.1.2.3 Control System

The central control'racks have been installed in their final location. Wiring
to the power amplifier is complete and wiring to cyclotron, bunchers and main
control room is partly installed. A panel for the control room has been
fabricated to provide essential hard wired control, metering and status indi-
cators. The controls for subsystems, including tuner drives, balance capaci-
tors and rf drive capacitors, and related CAMAC interface circuits are also
being tested as completely as possible at this stage.

About 82 system variables have been defined in the system and commissioning is
in progress. MIMIC diagrams have been set up for the low energy buncher (LEB)
dee controls and phase control panel. Those for the high energy buncher (HEB)
and dee monitoring of temperature and voltages remain to be completed.

Phase stabilization of the LEB voltage relative to that of the HEB and of the
cyclotron dees uses a feedback signal from a magnetic energy analysis of the
beam after the HEB. The beam bunches are normally centred on the zero
crossing of the HEB voltage, and errors in beam phase cause an energy change
which results in interception of the beam by the energy analyzer slits. The
intercepted beam current provides the error signal for controlling the LEB
phase. However, after a transient, because the HEB operates at two or four
times the dee frequency, this system could stabilize on the wrong zero
crossing. A probe to sense the beam bunch phase of these low current beams
non-destructively is required to return the system to the correct zero
crossing. A probe in the form of an insulated drift tube 110 mm long
(approximately 0A/2 for the weakest (uranium) beams) was constructed. The
signal from this capacitively-coupled probe was amplified with a low noise
amplifier and the output prepared for the phase stabilizing circuitry by a
band pass filter (31-62 MHz) to enhance the fundamental frequency component.
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An experimental check on the sensitivity was made using a bunched electron
beam from the LEB. The fundamental rf signal from a bunched beam with 10 nA
average current was five times the amplifier noise. This is adequate sensi-
tivity for most of the expected beam currents.

The actual bunch length was observable without the band pass filter to the
resolution allowed by the 200 MHz range of the amplifier. It was possible to
set up the buncher voltages and phase from observation of the wave form on an
oscilloscope.

A similar tube mounted in the beam line near the cyclotron should be useful
for rough setting of both buncher voltages. This technique is used at other
laboratories at somewhat higher beam currents and with careful shielding and a
good low noise amplifier, should also be useful for most of our expected
baams. A low noise 1 GHz amplifier has been ordered for use with a gridded
drift tube (to reduce transit time effects).

6.3.1.2.4 RF Cavity Vacuum Pumping

J.A. Hulbert, L.F. Birney and D.W. Clements

The Mk II and Mk III pumps have both been assembled and tested using tne new
shielded transfer lines. The Mk II pump has a liquid hold-time of 45-50
minutes and the Mk III pump about 10 minutes less. The main difference in the
two pumps is that the Mk III helium tank is about 93% of the volume of the
Mk II to improve the clearance with the shield. However the Mk III was
assembled without blackening the cold baffle and this could account for the
greater part of the performance loss. The baffle will be blackened with a
proprietary non-water soluble ink before installing the pump in the cyclotron.

Both pumps have been fitted wich strip heaters along the water lines to the
outer baffle as a precaution against freezing. Because of the nature of the
damage suffered by the insulation of the Mk II pump initially, from rf infil-
tration, the effect of strong rf fields on both the insulation and the strip
heater material were checked. Indications are that with the design rf
gasketing at the pump mounting flange there should be no further problems from
rf damage.

6.3.1.3 Injection

6.3.1.3.1 Low Energy Buncher

E.A. Heighway, J.E. McGregor, E.P. Stock (TASCC Branch) and
N. Melcher

The opposed resonator low energy buncher (shown in Fig. 6.3.1) has been
designed, built and tested under vacuum to full power over the full frequency
range. Attempts to use a single power amplifier to drive both resonances over
the entire frequeacy range showed that complex and variable coupling would be
required. This has been rejected in favour of dual amplifiers with inde-
pendent fixed coupling giving much simpler control.
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Fig. 6.3.1 Photograph of the two resonator sections of the low energy
buncher. The If resonator is on the left and 2f on the right.
The ceramic walls of '"he vacuum capacitors used for tuning of the
resonators can be seen below the two stepper motor drive
assemblies. The accelerating gap wire grid assembly can be seen
in position in the central beam aperture of the If stem.

The buncher control system has been completed and the buncher successfully
driven to full power under computer control showing stable operation for
periods in excess of an hour.



6-25

6.3.1.3.2 High Energy Buncher

C.B. Bigham, J.E. McGregor, E.P. Stock (TASCC Branch) and
N. Melcher

A standard beam line 60 L/s Vac-ion pumping station was used in initial
testing of the buncher. The first tests under vacuum at the 50 W power level
showed that backstreaming ions and/or electrons from the pump enhanced multi-
pactor electron loading. The results indicated that with the larger power
amplifier required for full voltage, it should still be possible to operate
over the full frequency range (62-190 MHz). Subsequent tests with the larger
power amplifier showed that operation was possible but that the voltage range
at the maximum frequency was severely limited. Multipactor breakthrough
required nearly maximum power and at a slightly lower level, multipactoring
set in again.

An attempt to improve on this limitation was made by installing a blocking
capacitor assembly so that the drift tube could be held at a dc bias. A nega-
tive bias of 1100 volts improved the turn-on transients but did not signifi-
cantly increase the operating range. The Vac-ion pump has been replaced by a
turbomolecular pump which reduces multipactoring enough to allow operation at
all except low voltages over the full frequency range.

Commissioning of the control circuits including the rf drive modulator, auto-
matic frequency control, phase stabilization and computer interface is in
progress. MUMTI programs for initial operation and monitoring are being
developed and system variables are being set up.

6.3.1.3.3 Foil Changer

C.R. Hoffmann, R.I. Kilborn (Civil and Mechanical Design Branch)

Fabrication of the foil loader, unloader and foil magazine systems was com-
pleted. These were assembled into a jig for demonstration of correct oper-
ation. Preliminary tests showed that the basic design for manipulating foils
is viable, but minor changes are required for smooth operation.

6.3.1.4 Extraction

6.3.1.4.1 Electrostatic Deflector Cable

C.B. Bigham and C.R. Hoffmann

The cable through the dee stem to bias the electrostatic deflector at about
100 kV failed in initial testing, either from rf heating or sparking
transients. Either failure mode would be enhanced by resonances in the rela-
tively high Q solid-sheathed cable. A matching termination of the cable at
the isolating resistor above the dee stem was considered but leads to a rather
cumbersome arrangement. Instead, a conceptual design has been worked out for
a water limiting and isolating resistor built into the deflector aount in the
dee. High resistivity water (10 Mft-cm) from the cooling system would be
circulated through the resistor volume. The series resistance would be
adjustable in the 10-100 MR range with about 500 Mil leakage to ground.
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A model water resistor was constructed and tested on the end of 30 m of cable
from the high voltage power supply. It survived arcing and shorting to ground
without breakdown provided the gap was more than 1 cm and there were no
bubbles in the water. The voltage and leakage current were stable up to about
50 kV where corona and surface leakage on the outside (in air) caused fluctu-
ations in the current.

The conceptual design requires only modest voltage gradients on the insulator
and should therefore be free of surface leakage currents on the vacuum side.
A detailed design is in progress.

6.3.I.A.2 Extraction Magnetic Channel Development

C.R. Hoffmann, J.F. Mouris and J.F. Weaver

Development work on a channel 2 prototype module was concluded with successful
operation of the steering and gradient structures together. They were wound
with Nb-Ti conductor.

Fabrication and testing of all active magnetic elements of the extraction
system is complete. Superconducting coils were wound with Nb-Ti conductor
having a copper to superconductor ratio of 1.4/1. Before winding, the 0.5 mm
diameter conductor was flattened in a rolling mill to a rectangular cross
section having a nominal 3:1 aspect ratio. Coils were insulated from
stainless steel bobbins and support structure with 0.025 mm thick polyimide
and mylar.

6.3.1.4.3 Magnetic Channel Module Testing

H.R. Schneider

Each of the three superconducting dipole magnet modules comprising the first
section of the extraction channel and the six modules of the second section
with both dipole and gradient windings have been tested at 4.2 K in ambient
magnetic fields of up to 4 T. The tests were conducted using the super-
conducting solenoid and cryostat originally used for short sample conductor
tests for the SCC main magnet coils.

All windings exhibited some training; that is premature quenching of the
superconducting state when the winding was first energized, with the current
at which the quench occurred generally increasing on successive quenches until
the intrinsic critical current of the conductor was reached. Training is a
consequence of stress relieving and bedding down of the conductor in the
winding. Once a winding was trained in a 4 T ambient field it was found that
no further training occurred at lower fields. Approximately 30 training
quenches were required to reach the conductor critical current in the dipole
windings. The gradient windings with more turns and larger winding cross
section were more difficult to train. In general it took more than 45
quenches to reach 95% of the conductor short sample critical current.

A pair of search coils mounted in the beam tube vacuum box through the centre
of the module were used with an integrating circuit to measure the magnetic
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Induction and gradient generated by the module windings. Tha calculated
dipole induction of 1.7 mT/A and gradient of 143 mT/m per ampere were verified
to within ± 5%.

6.3.1.4.A Channel Assembly

J.A. Hulbert, C.R. Hoffmann, L.F. Birney, J.F. Mouris,
L.W. Thomson (TASCC Branch)

A rigid stainless steel beam to position the modules and support the load of
the main magnet coils around the modules has been designed and fabricated.
The modules have been assembled on to the beam, their end flanges welded
together and the welds leak tested. Electrical interconnection of the modules
is almost complete.

The final stage of assembly of tha channel will be to weld vacuum tight covers
over the modules and mount in the test cryostat for last checks before instal-
lation in the main cryostat midplane gap.

The beam pipe that carries the beam through the channel was assembled as an
integral part of the channel. The varying curvature of the pipe meant that
the modules had to be threaded on to the pipe in preasaembled subsets of
three, then welded together. The beam pipe is a rectangular tube of copper-
chromium alloy cooled by stainless steel tubes soldered into the corners of
the rectangular section. The pipe operates at nominally 100 K and is insu-
lated from the channel at 4.4 K by ten layers of aluminized mylar/dexter
paper. Copper-constantan thermocouples mounted every 100 urn along the outer
surface of the pipe are used to detect a beam contact with the pipe. The
method for the fabrication of the pipe with precise control of the section and
longitudinal profile was developed over a two month period in a collaboration
with the 412 sheet metal shop and the 145 mechanical development laboratory.

Figure 6.3.2 shows the channel modules assembled on the support beam.

6.3.1.4.5 Extraction Beam Line Steering Magnets

J.H. Ormrod and R.E. Milks

The three steering magnets (two horizontal and one vertical) for correcting
the beam trajectory between the cryostat and beam line focusing magnet QE1
have been designed, fabricated and tested. Measured inductions are within 3%
of calculated values and the water cooled coils operate below 100°C.

6.3.1.4.6 Extraction Channel Test Cryostat

J.A. Hulbert and L.F. Birney

The leak in the main vacuum box was sealed. Components for the top section
which contains the liquid helium reservoir and power leads were designed and
fabricated. The complete cryostat has now been assembled and leak tested and
is ready for the installation of the channel.
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Fig. 6.3.2 The magnetic channel shown before welding on the covers which contain the liquid helium
coolant. The beam enters at the right-hand end. The three channel 1 modules contain iron
gradient elements. The six channel 2 modules to the left have superconducting gradient
coils. Between the two channel sections is a lone iron bar gradient module with no super-
conducting windings. The channel 1 beam pipe is to be inserted at a later stage of assembly.
The channel 2 beam pipe is inplace and its exit flange can be seen at the far left.



6-29

6.3.1.5 Beam Probes

J.D. Hepburn

The stub probe is ready for installation in the cryostat. The probe movement
mechanisms for main probes 1 and 2 are complete. Vacuum system components for
the main probes are undergoing minor modifications prior to cleaning and
assembly. Mechanical drawings have been updated.

Fabrication of the control system chassis and cables continues. All micro-
processor hardware (CAMAC-mounted LSI 11/23 with provision for one additional
crate on a Q-bus extension) has been received.

Use of the Interface Standards software required developing a detailed unders-
tanding of the interrupt service routines. Certain software checks were
eliminated for modules not having a hardware response to a LAM identification
check. It was discovered that, while the Interface Standards system supports
a primary crate and up to three secondary crates on a Q-bus extension, it
recognized interrupts only from the primary crate. The company has promised
to revise the software.

The probe control system has a total of about 75 inputs and 48 outputs, and
must do all interlocking, device control, data collection, and data display.
Software for interlocking and device control is 80% complete.

6.3.1.6 Magnetic Field System

6.3.1.6.1 Trim Rod Drives

J.H. Ormrod and R.E. Milks

The eight trim rod drive units have been Installed on the upper and lower
poles and all of the limit switches have been installed and connected. All of
the units have been tested under computer control and the hardware and
software has been debugged save for an intermittent noise problem with the SPO
signals to the clutch solenoids. This problem is still under investigation.

6.3.1.7 Beam Dynamics

6.3.1.7.1 Orbit Computation

E.A. Heighway, M.F. Coulas and C.R. Hoffmann

Efforts have concentrated on modeling the extraction channel and examining the
detailed behaviour of five ion species. Each of these ions (23 MeV/u carbon
5+, 45 MeV/u carbon 6+, 32 MeV/u sulphur 13+, 10 MeV/u iodine 23+ and 10 MeV/u
uranium 33+) has been successfully modeled from injection through acceleration
and through the extraction system using realistic emittances at the stripper
foil. The evolution of radial and axial phase space ellipses for 23 HeV/u
carbon and for Iodine and uranium ions as the beam traverses the extraction
system Is shown in 6.3.3. The radial phase space shows some distortion Which
increases with decreasing average midplane induction (worst for carbon). This
distortion is produced in the last turns before the entrance of the extraction
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system. Detailed orbit calculations have shown that in the case of the
23 MeV/u carbon the distortion is due to the penultimate orbit skirting the
radially outer edge of the flutter pole immediately before the deflector and
can be corrected by a 2 mm inward repositioning of the beam at the deflector
entrance.

6.3.1.7.2 Code Development

E.A. Heighway and M.F. Coulas

As detailed orbit calculations continue, additional improvements are being
made to SUPERGOBLIN to make modeling of the cyclotron easier. A major
improvement has been the addition of two new options, the search mode and fit
mode, which allow sequential optimization of several parameters and non-linear
constrained fitting of several parameters respectively. These modes have
greatly eased analysis of the extraction channel beam dynamics.

6.4 Mechanical Laboratory

J.E. Anderchek

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

Total laboratory time breakdown in the half was:

Accelerator Physics Branch - 98.7%
Reactor Physics Branch - 1.3%

6.4.1 High Current Proton Accelerator

The RFQ1 accelerator will incorporate many novel design features for which
test pieces have been built. Components and assemblies to verify that the
proposed racetrack membrane vane mount can be constructed and will accommodate
the required vane adjustment, were fabricated and vacuum tested. Several
10 inch diameter steel and copper cylinders were fabricated for use in copper
plating experiments and to investigate an alternative vane mounting system.
In addition, several small aluminum, stainless steel and copper specimens for
copper plating and welding experiments were fabricated.

For the RFQ1 1:1 scale aluminum cold model a vane alignment target and a vane
adjustment mounting structure were made.

A single 1:1 scale module of a 108 MHz four rod RFQ cold model was completed,
and work was started on the outer shell for a hot model of the same scale.

A mounting fixture for the 270 MHz resonant load was fabricated, installed and
tested. This mounting fixture will be used to test components in high cw rf
fields where the surface currents approach 3000 A/m.
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Three end flange gaskets were modified and a second viewing port was added to
one of the sparker cavity's end flange.". Some beam transport components were
made for connecting the Alvarez beam Mne to one end of the sparker cavity.

A number of components were modified Tor high power rf drive loop develop-
ment. Several components of a low power disc type ceramic window test jig
were modified to improve rf match and a sample loop conductor with its
internal cooling sleeve was modified for use on the disc window version of two
drive loops being constructed for the resonant load.

Assistance was provided for the installation of the new emittance unit beam
stop on the ion source test stand. Several ion source components and gas
valves were also repaired or modified.

Two beam dumps (the straight through and H2H3) and a water-cooled exit aper-
ture were fabricated for the RFQ1 injector.

6.4.2 Electron Test Accelerator

A full scale acrylic model of an S-band linear accelerator structure was
fabricated to display the cooling system.

Components for a study of the properties of gap monitors and for a computer
controlled disc drive system were made.

Work for the accelerator operation included: modifications to the injector
beam line support, the repairs of a vacuum leak at a tuner of the serial 102
klystron, a vacuum leak in a freon cold trap and a water leak in an rf
isolator.

6.4.3 Heavy-Ion Superconducting Cyclotron

Modifications have been made to the low energy buncher to change it from a
concentric to an opposed resonator structure. Numerous components were fabri-
cated for the drive loop and tuner capacitor assemblies. A new accelerating
gap grid assembly was built that will use etched wire mesh.

A motor driven coupling capacitor and a blocking capacitor for drift tube
biasing to reduce multipactoring effects were constructed for the high energy
buncher.

A water resistor was constructed to check the parameters for an electrostatic
deflector isolating resistor.

The stub probe was modified, assembled and tested. The probe head and two
housings for shaft encoder gear reducers were made for the two main SCC
probes.

Mechanical assistance was provided in the preparation of coil bobbins for
winding superconducting coils, assembly of extraction system modules, vacuum
impregnation of the assembled modules, and the fabrication of six complete
sets of copper connection pieces, one set for channel 1 and the rest for
channel 2.
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Other miscellaneous jobs Included:

- Modifications to the main cryostat to fit insulated shield cooling return.

- Fit new connectors to improve reliability of axial magnet suspension load
gauge.

- Development of components for the extraction channel including a cold vacuum
seal for the beam pipe, remotely operated vacuum plug for the beam pipe
entry port, fabrication of beam pipe cooling tubes, and supports for magnet
conductors.

- Manufacture of two liquid helium depth probes for the 1000 litre liquid
storage vessels, and fabrication and assembly of eight refrigerated leads
for the channel magnets.

- Various mechanical modifications were made to trim rod drive components,
rough vacuum system bellows and a magnet power supply transformer.

6.4.4 Reactor Physics

Ten control rods were dismantled, cleaned, repaired and tested for the ZED-II
reactor.

Twenty fuel sheaths were trimmed, a sample holder for a Ge detector was manu-
factured together with 1500 aluminum foils for the counter room.

6.5 Publications, Reports, Conference Presentations, Lectures and Patents
Publications

A MESH GENERATOR FOR AUTOMATICALLY SUBDIVIDING IRREGULAR POLYGONS INTO
QUADRILATERALS
E.A. Heighway
IEEE Trans. Magnetics, MAG-19, No. 6, 2535 (1983).

AN ASSESSMENT OF ACCELERATOR BREEDING - ECONOMICS, DEVELOPMENTS AND A STAGED
PROGRAM
S.O. Schriber
Atomkernenergie-Kerntechnik Vol. 44, No. 3, 177 (1984).

CW LINAC FOR PROCESSING
J. McKeown
Proceedings of the Symposium on Accelerators for Processing, Lake Kawaguchi,
Yamanashi, Japan, December 9-10, 1983, Japan Atomic Industrial Forun Inc.,
April 1984.

ACCELERATOR BREEDER
S.O. Schriber
Nuklearnatehnologija 4/'83, 21 (1984).
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ZEBRA, THE FIRST STEP OF AN ACCELERATOR BREEDER PROGRAM
S.O. Schriber
Proceedings of 4th Annual Conference 1983, Canadian Nuclear Society,
ISSN 0227-1907, June 1983.

VANE COUPLING RINGS SIMPLIFY TUNING OF THE LBL RFQ ACCELERATOR
H. Lancaster, R. Gough, D. Howard and H.R. Schneider
Proceedings of the 12th International Conference on High Energy Accelerators,
August 1983, p. 512.

INITIAL OPERATION OF THE LBL HEAVY ION RFQ
J. Staples, R. Gough, Hu Schneider and E. Zajec
ibid., p. 516.

Reports

VOLTAGE TAP MONITOR FOR THE CHALK RIVER SUPERCONDUCTING CYCLOTRON COILS
H.R. Schneider, B. Beck and A. Hood
CRNL-2598, TASCC-22-01
February 1984.
Unpublished report, available from Atomic Energy of Canada Limited, Chalk
River, Ontario, KOJ 1J0.

Conference Presentations

BEAM DYNAMICS OF THE CRNL SUPERCONDUCTING CYCLOTRON
E.A. Heighway and C.R.J. Hoffmann

SLIDING CONTACTS FOR TUNERS IN HIGH POWER RF RESONATORS
C.B. Bigham, R.J. Burton and J.E. McGregor

THE REBUNCHER FOR THE TANDEM-SUPERCONDUCTING CYCLOTRON BEAM BUNCHING SYSTEM
C.B. Bigham, A. Perujo, E.A. Heighway and J.E. McGregor

DESIGN AND TEST OF PROTOTYPE SUPERCONDUCTING EXTRACTION CHANNEL MODULES FOR
THE CHALK RIVER SUPERCONDUCTING CYCLOTRON
C.R. Hoffmann, J.F. Mouris and D.R. Proulx

THE CHALK RIVER SUPERCONDUCTING CYCLOTRON
J.H. Ormrod, C.B. Bigham, E.A. Heighway, J.D. Hepburn, C.R. Hoffmann,
J.A. Hulbert and H.R. Schneider

The five papers listed above were presented at the Tenth International
Conference on Cyclotrons and their Applications, East Lansing, Michigan,
1984 April 30 - May 3.

BEAM EXCITED MODES IN LINEAR ACCELERATOR STRUCTURES
J.-P. Labrie, K.C.D. Chan, J. McKeown, H. Euteneuer and A.M. Vetter

ENERGY GRADIENT LIMITS IN ROOM TEMPERATURE CW LINACS
J.-P. Labrie, H. Euteneuer and J. McKeown
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A MODELING STUDY OF THE FOUR-ROD RFQ
R.M. Hutcheon

A LOW COST MODULAR CONTROL AND INSTRUMENTATION SYSTEM FOR ACCELERATORS
M.R. Shubaly, J.G. Plato and R.W. Davis

A STUDY OF A CUSP-ENHANCED DUOPIGATRON ION SuiJKCK
M.R. Shubaly

OPERATION OF A CW HIGH POWER RFQ TEST CAVITY: THE CRNL "SPARKER
R.M. Hutcheon, S.O. Schriber, J.C. Brown, D.W. Clements, H.F. Campbell,
G.E. McMichael and M.S. de Jong

BACKGROUND ION TRAPPING IN RFQs
M.S. de Jong

DESIGN OF A HIGH POWER ELECTRON LINAC
J. McKeown, J.-P. Labrie, L.W. Funk, R.K. Elliott, S. Gowans, C.E. Langlais
and D.G. Logan

RFQCOEFF, A PACKAGE FOR EXTRACTING THE HARMONIC COEFFICIENTS FOR THE POTENTIAL
FUNCTION IN AN RF QUADRUPOLE CELL
N.J. Diserens

INVESTIGATION OF THE EFFECTS OF SPACE CHARGE AND IMAGE CHARGE FORCES ON BEAM
LOSS IN AN RF QUADRUPOLE
N.J. Diserens

RFQ1 DESIGN PARAMETERS
B.G. Chidley and G.E. McMichael

THE ZEBRA PROJECT - PAST AND PRESENT
S.O. Schriber

RF STRUCTURE STUDIES FOR THE HERA PROTON RING
S.O. Schriber, K.C.D. Chan and G.E. McMichael

The 13 papers listed abov; were presented at the 1984 Linear Accelerator
Conference, Darmstadt, West Germany, 1984 May 7-11.

HIGH ENERGY GRADIENTS IN ROOM TEMPERATURE CW LINEAR ACCELERATORS: WHAT IS THE
LIMIT?
J.-P. Labrie, H. Euteneuer and J. McKeown
Paper presented at the Canadian Association of Physicists Congress,
Sherbrooke, Quebec, 1984 June 18-20.

Lectures f

CW PROTON LINAC DEVELOPMENT AT CRNL
M.S. de Jong
Seminar presented at the US National Bureau of Standards, Washington, DC,
1984 March 22.
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