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SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

The tandem remained shut down during the quarter.
The modifications for TASCC are well underway, the new ion
source cage and its components are being assembled and the
accelerating tubes have been reinstalled for reverse opera-
tion. Before reinstalling the tubes the column structure
and each of the two sets of charging chains were tested.
The column easily supported a voltage of 15 MV and the
chains, the equivalent terminal voltage of 19 MV. Operation
with TASCC is predicated on a maximum terminal voltage of
13 MV.

Research Activities

The half lives of the ^-emitters 2 6Al m, 34C1 and
3 8K m have been determined with uncertainties of 0.04%,
0.14% and 0.03% respectively. These measurements, made with
ISOL, are the first in which superallowed emitters have been
studied with isotopically pure samples.

The second of the three ports of the isotope
separator has now been developed. A channeltron electron
multiplier on the 0° beam line increases the sensitivity
over that of a Faraday cup by eight orders of magnitude.
The new device has produced a high resolution mass spectrum
between masses 5 and 250.

Extensive test runs for the parity violation
experiment were made on the ETA. The current from the
source and its stability were tested and the fraction of
parasitic linear polarization in the beam was measured. The
performance of the prototype boron ion chamber (BIC)
detector was monitored. Enough data were accumulated to
allow an estimate to be made of the accuracy expected in the
full scale experiment. Further improvements were made in
the BIC detectors prior to the fabrication of production
models.

The u/2 beta spectrometer system has been exten-
sively refurbished for the neutrino mass experiment.
Methods of preparing the tritium source are being
vigorously pursued. A prototype multi-wire proportional
counter has been constructed and development of the counter
electronics and the data acquisition system are underway.
Tests of the counter with a 55Fe source indicate that an
excellent signal-to-noise ratio should be obtained.
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Computer simulations of the end point spectra that might be
obtained under various conditions have been carried out and it
has been concluded that a positive identification of a
neutrino mass greater than 20 eV should be possible but a
non-zero mass less than 20 eV would be difficult or impossible
to measure with the planned system.

Analysis of circular polarization data from y-decay
in 21Ne was completed and a value for the circular polariza-
tion of the 2789 keV -^-ray transition was determined. This
result, when combined with other data for 18F and for 19F and
with shell model calculations shows clear evidence for weak
neutral currents.

1.2 Accelerator and Applied Physics

Research Applications

Heavy-Ion Superconducting Cyclotron

- Major cyclotron development experiments and tests are
complete and the cyclotron is being dismantled
preparatory to its removal and erection in the Nuclear
Physics laboratory.

- The rf structure has been operated at high power in full
magnetic field over its entire frequency range.

- The Mk II cryopump has been operated in closed-circuit
cooling mode in the rf structure and gives adequate
vacuum pumping in high power rf and magnetic fields.

- Assembly of the trim rod drive clusters is 97% complete.

- Cooling of the rf power amplifier output stage has been
enhanced, circuit parameters adjusted to improve power
matching and output quality improved.

- Design and testing of injection and extraction steering
magnets continues.

- The low energy buncher has been tuned to bring
fundamental and second harmonic frequencies into the
desired ranges. The structure has been modified for high
vacuum operation.

- Development windings for the extraction channel now reach
adequate operating currents. Work continues to provide a
margin of safety and improve lead reliability.

- Design of the diagnostic probes is complete.
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- Refinement of computer codes to improve the spatial
matching of field maps and for the development of buncher
cavities continues.

- Two computers for the control system have been delivered.

- The first shipment of beam-transport components has been
received. Comparison of field measurements on two
dipoles with theory has indicated very high quality in
design and machining of components. Quadrupole elements
tested are also highly satisfactory.

Nuclear Power Applications

a) High Current Proton Accelerator Development

- Operation of the Injector Test Experiment has resumed
after repair of the power supply.

- Emittance of a mixed H-Ar beam (to produce half current H
beam) was smaller than that of the full current H beam.

- Detailed design of the RFQl injector is nearing
completion.

- A new multi-channel fibre optic telemetry link has been
designed for communication from high voltage stands to
ground.

- The coupling loop for the 3 MeV Alvarez tank has been
repaired.

- The new RFQ model based on picture frame supports and
intervane plates has been fabricated for rf field
measurements. A shorter test cavity is being fabricated
to check fabrication techniques for a high power cavity.

- Mechanical stability was excellent for tuners based on
Bourdon pressure tubes.

- Tuning has started on the RFQ sparker cavity.

- RFQ pole tip designs for RFQl and ZEBRA have been
determined that maintain field enhancement factors below
1.4.

- Field studies in DTL structures have confirmed criteria
for selecting drift tube dimensions that can be used in
post coupler stabilized systems.

- The resonant load is now under vacuum and awaiting
preliminary high power tests.
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b) Electron Test Accelerator

The current work program for the Parity Violation experi-
ment has been completed and an electron beam irradiation of
wire insulators has been done.

The construction of the pulsed gun and of its test stand is
near completion.

The dose from the irradiation facility was measured in
collaboration with the Radiochemical Company.

The modeling of the transient behaviour of Model 5 has
shown that equilibrium temperature rather than rate of
temperature change could be used for frequency control.

Thermal detuning of TT/2 mode structures was calculated to be
non-significant and the most significant advantage of web
cooling is to minimize loss in shunt impedance.

Construction of linac structures for a beam-cavity inter-
action experiment is underway.

1.3 Solid State Physics

The crystal structures of the antifluorite compound K2ReBr6
were investigated by neutron diffraction measurements.

Analysis of the small angle scattering data from super-
oxide dismutase was completed.

A comparison was made of the relative merits of quasielastic
and beryllium filter techniques for the investigation of the
state of water in live biological systems.

Phonon excitations were measured in the plastic solid g-N2
and the lineshapes were analysed in terms of three models.

First measurements of the dispersion relation in solid
chlorine were made.

The possibility of calculating the neutron scattering cross
section for compounds with fluctuating valency was
investigated.

More extensive measurements of the lineshapes in CsCoBr3
were made and the data were compared with theoretical
predictions.
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Analysis of che temperature dependence of the
positron annihilation peak rate in a-and 0-thorium was made
in terms of the trapping model. It was found that, to
derive a unique value for the vacancy formation energy, a
value equal to that for other metals had to be assumed for
the trapping parameter.

Improvements were made to the spectrometer
control systems. The N5 control system was replaced with a
new C5-type system, the plotting package was improved and
the communications link to the Cyber 170/720 was updated.

1.4 Applied Mathematics and Computation

Work continued on the development of a
mathematical model for transient thermal behavior of
SLOWPOKE-III fuel. An equation has been obtained which
appears to describe adequately the response of the mean
temperature in the fuel to time-varying sources.

The probability distribution for unobserved
occurrences of dryout in a fuel bundle test as a result of
temperature detector failure has been studied to aid in the
interpretation of critical heat flux measurements.

Assistance has been given to the Engineering
Company to set up a skills inventory to aid in manpower
planning. Other new database applications are a system for
power station piping failure data, and a system for data on
telecommunications equipment at the CRNL Computing Centre.

A pre-processor program, PRESTAR, which aids in
preparing input for the stress analysis program STARDYNE,
has been acquired and is being tested. After testing and
documentation is complete it is intended to support the
program on both the CRNL and Engineering Company CYBER
170/720s. In support of STARDYNE and other stress analysis
codes, a set of procedures has been developed for accumu-
lating and reporting usage and turn-around statistics.

Miscellaneous programs and subroutines developed
or modified during the period include:

Modification to a Monte Carlo code for calculating
neutron leakage out of DZO assemblies

A program for least squares fitting of geometry factor
coefficient for the sweep gas spectrometer

- Conversion of the UKAEA code DENZ was complete

Conversion of the electrostatics and magnetostatics code
TOSCA was begun.
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Three new routines were added to the subroutine
library AELIB, during the quarter. A version of AELIB
for FORTRAN 4 programs has been prepared and installed on
the CRNL and AECLEC 720s; all AELIB routines were
included except for the obsolete routines, a group of
routines which use extended core storage which is not
available on the 720s, and the operating-system dependent
routines which currently are being adapted for use on the
720s. Work also proceeded on a version of AELIB to be
used with the FORTRAN 5 compiler.

Operating system work was mostly related to the
Network Operating System (NOS) used on the 720s and the
links between NOS and NOS/BE used on the 6600/175. A
facility to permit the NOS interactive user to drop an
existing NOS/BE job or evict a file from the NOS/BE input
queue has been developed. Testing of the HASP emulators
for the AECLEC Harris terminals has been completed in
preparation for transferring support of these terminals
from the 3300 to the CRNI, 720. A further NOS development
was the preparation of a basic set of Cyber Control
Language procedures to assist the new or infrequent user
of the Computing Centre.

The following table is an analysis of the jobs
processed during the quarter:
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Corporate Head Office
Radiochemical Company
Chemical Company
Engineering Company
WNRE

CRNL:
Computing Centre
Contracts
Technical Information
& University Relations

Health Sciences
Chemistry & Materials
Physics
Electronics, Instrumentation
& Control

Advanced Projects &
Reactor Physics

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

Percentage of
Number of Jobs

0.87
0.28
0.76

22.68
2.05

19.17
0.71

0.44
4.37
3.67
8.43

n
1.04

14.82
9.81
0.71
1.69
2.76
0.01
0.08
0.94
4.12
0.42
0.04
0.13

Percentage of
Total Utilization

1.31
0.10
0.30

23.67
3.45

11.69
0.49

0.34
2.03
5.46

10.59

2.02

16.05
8.28
0.33
1.38
4.09
0.00
0.12
0.49
7.70
0.06
0.02
0.03
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NUCLEAR PHYSICS BRANCH

(Report edited by J.C. Hardy)

2.1 Staff

2.2 Bending of Proton and Pion Beams at Fermilab by Bent
Single Crystals of Silicon

2.3 Kinematic Shifts in the B-Delayed-Particle Decay of
20Na, and the B-v Angular Correlation

2.4 The Lifetimes of 26AAm, 3l*Ci and 3 8K m

2.5 Direct Mass Measurements of Unstable Nuclei with the
CRNL Isotope Separator

2.6 The Decay of 16l*Ta

2.7 Isotope Separator Operation and Tests

2.0 marget Preparation Laboratory

2.0 Data Acquisition System for the Deuterium Parity
Violation experiment

2.10 Recommissioning of the TT/2 Beta-Ray Spectrometer for
the Neutrino-Mass Experiment

2.11 Source Preparation for the Neutrino-Mass Experiment

2-12 Computer Simulation Studies for the Neui:rino-Mass
Experiment

2.13 position Sensitive ionization Chamber

2.14 Monte Carlo Calculations of the Response of a Ge
Detector Surrounded by a BGO Anti-Compton Shield

2.15 TASCC Control System Operation

2.16 CAMAC Orders for TASCC

2.17 New Computer for the TASCC Control System

2.18 Control of 16-Bit Unipolar DACs for TASCC

2.11 CAMAC-to-RS232 Interface for TASCC

2.20 Beam Transport System for the Superconducting Cyclotron
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2.21 Progress of the BTS Vacuum and Support System for TASCC

2.22 Progress on BTS Diagnostics

2.23 TASCC Electron• -s

2.24 Data Acquisition

2.25 Progress in the Safety Interlock System for TASCC

2.26 Isotope Separator Relocation

2.27 HP Tandem Operation

2.28 The Absolute Calibration of the i.'gh Resolution
Photofission Spectrum of ~ u near Threshold

2.29 parity Mixing in 21Ne: Evidence for Weak Neutral
Current in Nuclei

2.30 Parity Violation in the Photodisintegration of
Deuterium

2.31 Counter Electronics for the Neutrino-Mass experiment

2.32 Multi-wire Proportional Counter for the Neutrino-Mass
Experiment

2.33 Data Acquisition and Computer Control System for the
Neutrino-Mass Experiment

2.34 BIC Signal Conditioning

2.35 137Cs International Comparison

2.36 Data Acquisition System for Radionuclide Metrology

2.37 4TTY Counting

2.38 Radiation Induced Defects in a Bent Crystal

2.39 Zi-Dependence of Specific Energy Loss

2.40 Laser Magnetic Resonance

2.41 Publications and Lectures
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2.1 STAFF

Branch Head:

Professional Staff

J.C.D. Milton

Technical Staff

SECTION I

Accelerator Group

J.C.D. Milton
T.K. Alexander
H.R. Andrews
G.c. Ball
E.T.H. Clifford (i;
W.G. Davies
J.S. Forster
E. Hagberg (2)
J.C. Hardy
O. Haucser
D. Horn
A.B. McDonald (3)
H. Schmeing
K.S. Sharma (4)
D. Ward'(5)

SECTION II

R.L. Graham
J.S. Geiger

Computer Control Group

Students

D. Crozier (6)
M. From (7)
J. Gascon (8)
D.A. Gwartzmar.

r?.c.
R.L.
L. H.

Bray
Brown
Hucholtz

P. Dmytrenko
J.L.
J. 7.
A..'.
P.,1.
J.P.
W.L.
A.R.
F.J.
M.J.
L.V.
M.G.
E.C.
J.S.

Gallant
Hill

C. Hyde
Jones

D. O'Dacre
Perry
Rutledge
Sharp
Shea
Smith**)
Steer
Wai to
Wills

R.E.
W.F.
R.B.

Howardb)

Walker

(9)

V.T. KoslowskydO)
M.A. Sivilotti(ll)
D.N. Standish (12)
G.F. Syms (13)

Laboratory Services and Workshop

A.R. Sprake
R.W. Stalkie

Secretarial Staff

D.L. Brookes
R.J. Elliott
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(1) Post Doctoral Fellow

(2) Research Associate attached from the University
of Toronto and Queen's University.

(3) Resigned 1982 August 31.

(4) Post Doctoral Fellow, terminated 1982 August 30.

(5) Returned from leave of absence at The Australian
national University, Canberra, Australia 1982
August 24.

(6) Local summer student; terminated 02 August 20.

(7) national Summer student; terminated 82 July 7.

(8) Summer student attached from University de
Montreal; terminated 82 September 3.

(9) National Summer Student, terminated
1902 September 1.

(10)- Graduate student attached from the university of
Toronto.

(11) National summer student; terminated
1982 September 7.

(12) Waterloo Co-op Student, reported for duty
82 September 1.

(13) Waterloo Co-op Student; reported for duty
32 September 7.

a^Also has responsibilities in Radioisotope
Standardization Group

b'Also has responsibilities in Section I.
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2.2 Bending of Proton and Pion Reams at Fermilab by Bent
Single Crystals of Silicon

J.S. Forster with I.v. Mitchell (Solid State Science
Branch), G.I. Raker and R.A. Carrigan, Jr. (Fermilab),
W.M. Gibson, I.J. Kim, M. Pisharody, S. Salmon and
C.R. Sun (SUNY, Albany), P. Siffert (Strasbourg) and
R. Tsyganov (Dubna)

The computer program (from Fermilab) for
analysis of the Fernilab data {PR-P-134: 2.2; AECL-7778)
is now running at CRNL and work on developing detailed
analysis routines has begun. Each particle event that
satisfies a scintillator coincidence requirement is
followed through the system by track reconstruction from
the x- and y-positions in three sets of drift chambers;
from these coordinates, entrance and exit angles relative
to the crystal can be calculated.

Routines are now working to determine good
events, i.e. events where one and only one wire has fired
in all 12 drift planes. In addition, elenentary track
recovery is possible in instances where more than one wire
has fired in a given plane. Routines are also working to
give hit multiplicities, i.e. how many no-hits, single
hits and multiple hits occurred in a given plane.

2.3 Kinematic Shifts in the g-Delayed-Particle Decay of 20Na,
and the P-v Angular Correlation

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

A paper has been written describing the 20Ha 6-v
angular correlation experiment. In this experiment,
B-delayed particles undergo a kinematic shift in energy
due to the recoil motion of the daughter nucleus following
3-decay. The magnitude of this energy shift depends on
the ratio of vector to axial-vector coiaponents in the
6-transition. In the paper, an expression for the mean
energy shift of the B-delayed particles is given. From
energy shifts observed in ot-B coincidence data obtained
for the decay of Na the vector to axial-vector component
ratios were found for six ^-transitions, including the
"superallowed" branch. Limits on isospin mixing with the
analogue state were deduced for five neighbouring states
in lie.

The vector weak-coupling constant was deduced
from the superallowed J* = 2 + + 2 + B-decay of Ha
to be

Gv' = (1.365 ± 0.037) x 10"49 erg-cm3.
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2.4 The Lifetimes of Z6AAm, 34C£ and 38I<m

V.T. Koslowsky, E. Flagberg and J.C. Hardy

Analysis of the lifetime experiments described
in PR-P-134, AECL-7778 and PR-P-132, ARCL-7605 was
completed after a thorough investigation of possible
systematic errors.

A time-dependent gain change, apparently related
to oxygen carried with the sample into the counter gas,
occurred when the counter was operated in the windowless
mode. The change was measured to be 0.1% per second
during the initial 1.5 s of multi-scaling. Its effect was
to decrease our measured half-life of Aln and Km

by .02 and .03% respectively. This correction only
applies to the experiment described in PR-P-132.

Upper limits on the initial relative concentra-
tions of possible contaminants to the isotopically pure
counting sample were established 1) by examining y-ray
spectra obtained during the half-life measurements, or
2) by calculating relative nuclear-reaction production
rates with the University of Rochester computer code
"AIJICR" and then scaling these rates by measured separator
ion-source efficiencies. All candidates were necessarily
either isobars or molecular beams of mass equal to that of
the principal activity. Of the possible contaminants -
26Ma, 65i, Ar, H CH and Ca - only 6Na was observed
in the y-rav spectrum. Table 2.4.1 lists the effect
contaminants would have on the deduced half-lives of
26AJim, 34C£ and 3 8K n. The half-life and half-life
uncertainty of 2 6A£ n were both increased by .01% to
allow for the possible 26Na contaminant.

If the half-lives obtained in many runs, each
with relatively poor counting statistics, are averaged to
obtain a relatively precise half-life, the result is
biased to low values since, in effect, Gaussian rather
than Poisson statistics are employed. The more correct
treatment, which consists of summing all the data and then
calculating the half-life, is often cumbersome or impos-
sible if the data have been collected under incompatible
experimental conditions. The difference in the two
methods of arriving at a final half-life was numerically
determined for various counting statistics with computer-
generated hypothetical data. As expected, the difference
becomes less significant with increasing counting
statistics. The error incurred in our case by performing
the weighted average of several runs is << .01% in all our
measurements.
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)ur final results for the half-lives of 2 6A£ m,
3ltC* and iS

924.2 ± .3

Effect of

Isotope
of

Interest

possible
Contaminant

Maximum
Relative
Intensity

Effect on
Half-life

Km are 6346.2 ± 2
ms respectively.

Table 2.

Contaminants on

Alm

26Si 26Na

1/400 1/860

+.008% +.02%

.6 ms, 1527.7 ± 2.

4.1

2 ms and

the Deduced Half-Lives

3 V r H33C*

1/1000 1/10000

-.01% -.007%

3 8Km

38Ca

1/400

+.008%

2.5 Direct Mass Measurements of Unstable Nuclei with the CRNL
Isotope Separator

K.5. Sharma, J.C. Hardy, H. Schmeing and R. Hagberg

A preliminary exanination of the data from the
final run taken before the tandem shut-down (PR-P-134:
2.10; AECL-7778) indicated that instrumental problems ari-
sing from a much greater than usual frequency of sparks in
the separator ion source greatly reduced the usefulness of
the data acquired. A final analysis of these data was not
possible because of computer (PDP 10) problems. A publi-
cation based on results obtained to date (PR-P-133: 2.5;
AECL-7683, PR-P-134: 2.10; AKCL-7770) will shortly be
completed.

2.6 The Decay of 161>Ta

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

The interpretation of the decay data on the new
isotope ifa^Ta (PR-P-133: 2.12; AECL-7683) is now
finished. A 4625 ± 15 keV a-group with a branching ratio
of less than 0.016% was assigned to this nuclide. With
the identification of the a-decay of 1 6 4Ta, another member
has been added to a chain of three other a-emitters
starting with Au. Only one further unknown Qa value,
that of Lu, needs now to be determined in order to link
that chain to a nuclide with a stable nass.
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Two y rays with energies of 211 keV and 377 keV
were also assigned to the decay of Ta. These two y
rays most likely originate from the 4 + -»• 2 + -*- 0 +

decay sequence in the even-even daughter 164Hf. The
proposed energy levels of 211 keV and 588 keV in Hf are
consistent with systematics of 2+ and 4 + levels in
neighbouring even-even nuclides. These systematics also
show that nuclides in the vicinity of Hf belong to a
transition region between spherical and deformed nuclear
shapes.

A paper on the decay of 4Ta has been
completed.

2 .7 Isotope Separator Operation and Tests

H. Schmeing, J.C. Hardy, W.L. Perry, J.S. Wills,
D.H. Standish and E. Hagberg

Because of frequent power and particularly
cooling-water interruptions associated with building
construction, the isotope separator has been available
only about 20% of the time. The system was used to make
detailed beam-emittance measurements for several source
configurations.

In another development, a channeltron electron
multiplier was installed in the new 0° extension of the
collection chamber. With this new beam detection device,
a high-resolution mass spectrum between mass 5 and 250 was
obtained for FEBIAD source operation. Compared with our
standard Faraday cup, the use of the channeltron leads to
an increase in sensitivity of typically eight orders of
magnitude.

2 .(1 ^arget Preparation Laboratory

J.L. Gallant and P. Dmytrenko

The following target sandwiches were prepared
for O. Hausser for transient field experiments to be
carried out at the Centre de Basses Energies, Strasbourg
and the Hahn-Meitner Institute, Berlin:

l5HSm + Cu
Cu
Cu
+ Cu
+ Cu
+ C u

+ Cu

Gd
Gd
Gd
Gd
Gd
Gd

ft
64

8 0

+
+
+
+
+
+

"Sin
H i
Ge

6 4
80
15

16

+
+
+

Lsm
ni +
Re +

'£
°Dy

• C u

Pb
P b
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156Dv + Cu
16°Dy + Cu

152Sm + Cu

Work done for other branches
Ceranic discs were gold coated for the Physical Chemistry
nranch. Lucite rings were aluminum coated for the
Electronics Branch. Laser mirrors were gold coated for
the Physical Chemistry Branch. Silicon wafers were coated
with silver, nickel, niobium and carbon for the Solid
State Science Branch.

Work done for Universities
Magnesium-26 targets were prepared for Prof. J.A. Kuehner,
ncflaster University. A method was developed to prepare
thin boron-10 targets for Prof. R.E. Azuma, University of
Toronto. These targets were used in an experiment
performed at McMaster University.

Commercial sales of carbon films
One hundred and seventy-five glass slides containing beam
stripper foils were prepared for Yale University's A.W.
Wright Laboratory.
Twenty glass slides of 100 pg/cm carbon films were also
prepared for Yale University.

2.0 Qata Acquisition System for the Deuterium Parity Violation
Experiment

R.T.H. Clifford, A.R. McDonald with E.D. Earle, R. Deal
and n. Tapp (neutron and Solid State Physics Branch)

The CAMAC-based LSI/11 data-acquisition systen
has been moved to the Electron Test Accelerator and
installed. Some software for on-line data analysis has
been developed. Timing tests have shown that the system
is capable of handling the high data rate required and
that a reasonable fraction of the data can be analyzed
on-line. A section of an interface that receives signals
for the CAMAC 32-channel sealer has been built and tested.

2.10 Recommissioning of the TT/2 Beta-Ray Spectrometer for the
Neutrino-Mass Experiment

J.S. Geiger, L.V. Smith, H.P. Andrews and R.L. Graham

The installation of the transistorized current
supply for the beta spectrometer has been completed.
Circuitry has been devised that interfaces this supply to
the chopper-driven (vacuum tube) error amplifier. The
stability of the current control system, measured with a
borrowed "Dial-A-Source" as reference, is two parts per
million over 24 hours. The potentiometer used to measure
the spectrometer current has been cleaned, and the
temperature-control circuitry for the reference resistor
and a broken galvanometer suspension repaired.
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The water cooling system for the spectrometer
has been filled with distilled water and its temperature
control system serviced. This system again operates
satisfactorily, maintaining a constant 21°C temperature.

paired. After repair the system base pressure
about 2.5 x 10" torr as measured with an ioni;

The spectrometer vacuum system was checked with
a helium leak detector; one small leak was found and re-

reached
ionization

gauge mounted on the detector door. Consideration is
being given to adding an Excalibur liquid helium cooled
cryopunp to the pumping manifold below the main vacuum
chamber.

Repair to the roof of the building has yet to be
completed. The air conditioning system is operating
satisfactorily. f!ome improvement has been made to the
lighting in the control room area but further changes are
being considered.

Throe racks have been removed from the control
room to provide space for the Nuclear Data 6660 computer
system currently resident at the IIRU Reactor.

2.11 Source Preparation for the Neutrino-Mass Experiment

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

We are currently investigating thin layers of
titanium metal as a host matrix for the tritium source.
The initial measurements involve deuterium rather than
tritium for safety reasons.

Six Ti samples in the range of 1 to 5 pg/cm
were evaporated onto heated quartz substrates, both in the
presence and absence of low-pressure deuterium gas.
Following the evaporation, the samples were exposed to
deuterium gas at various pressures for about 15 minutes
each.

3He beams of 750 keV from the Solid "tato
Science Van de Graaff Accelerator were used as described
previously (PR-P-133: 2.22; AECL-7603) to assay for
deuterium content through the H( He,p) He reaction and
for Ti by Rutherford scattering. The results and sample
preparation conditions are summarized in Table 2.11.1.

The minimum goal is about 10 ng/cm2 tritium in a
matrix of about 1 ug/cm of Ti; the present results are
not far off this limit. The deuterium uptake in the
thicker samples was excellent while that in the 1 to 2
ug/cm2 Ti layers was proportionally much smaller. This



- 18 -

may be caused by oxygen contamination in the relatively
poor vacuum in the evaporation apparatus (about 4 x 10"
Pa or 3 x 10~6 Torr). ""he next set of measurements will
involve an additional assay for oxygen contamination as
well as systematic variation of the parameters governing
source preparation.

Sample

1
2
3
4
5
6

Table 2 . 1 1 . 1
Source Preparation for the Neutrino-Mass

Ti(pg/cm2)

2 . 0
1 .2
5 . 4
4 . 0
1 . 3
1 .2

D(ng/cm~2)

3 . 7
23S
1 7 1

1
2

Atomic
Ratio f

(D/Ti)

0.11
0.074
1.03
1.02
0.02
0.04

Experiment

a)
Fvap.

Substrate Press .
7enp.CC

320
300
300
300
400
300

) kPa

0.13
0.13
0
0
0
0

b)
Soak
Press .

kPa

1.3
0.26
0.26
0.26
0.26
0.26

during titanium evaporation
^'pressure of deuterium introduced into the system following

titanium evaporation.

2.12 Computer Simulation Studies for the Neutrino-Mass
Experiment

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

The computer program for calculating the shape of
the tritium beta spectrum near the endpoint (PR-P-133:
2.21; AECL-7683) has been used to simulate data that might
be expected under the experimental conditions anticipated
for our experiment:

Source strength 10 mCi

Spectrometer acceptance 0.1% of 4TT

Momentum resolution 0.05%

Energy resolution at 10 keV 10 eV FWHM

Counter background 0.1 cpm

Counting period 1 day
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A major point of concern is the degree to which the 3He +

atom will be left in an excited state following beta decay
from the H atom in its ground state. For a free H aton
the resultant He+ atom is expected to be excited to the
2s (40 eV) or higher atomic state in about 30% of the
decays (K.-E. Bergkvist, Nucl. Phys. B39 (1972) 317). The
level spacings and degrees of excitation of 3He following
the decay of tritium bound in a metal lattice, such as
titanium, may differ considerably from the free atom case.

Calculations have been carried out for assumed
electron-antineutrino nasses of 0, 10, 20, 30, 40 and 50 eV
and 3He + atom excitation at 40 eV of 0%, 10%, 20%, 30%,
40%, 50%/ etc. By normalizing the Ktirie plots for each
case, both in height and slope at 18 keV, to that for the
zero mass, zero excitation case, one can compare the
changes in shape to be expected near the endpoint (lft.6
keV). Plots of the shape differences show that atomic
excitation tends to mask, in part, the change in shape from
a finite antineutrino mass. Thus, for example, a 20%
excitation almost cancels the change for an assumed 20 eV
antineutrino mass, whereas the degree of atomic excitation
would have to exceed 40% to almost cancel the effect of a
30 eV antineutrino mass.

Lubimov et al. [phys. Lett. 49B (1980) 266] report
a finite electron antineutrino mass in the range
14 eV ' m < 46 eV. We conclude that our technique should
permit a positive identification of a neutrino mass > 20
eV, but it is likely to be difficult or impossible to
measure a non-zero mass of < 20 eV.

2.13 Position Sensitive Ionization Chamber

D. Horn, M.G. Steer and D.A. Gwartzman

Construction of the large-area position-sensitive
ionization chamber for heavy ions, described in PR-P-134:
2.30; AECL-7778 is continuing. The entrance window
assembly with support grid is complete and the detector box
is ready for welding.

Since their size exceeds the capability of
available circuit board facilities, the cathode, segmented
anode, and Frisch grid printed circuit boards were produced
by manually painting with etch-resistant lacquer. A
photographic technique will be used to reproduce the more
complex pattern of the position grid and delay-line
circuitry.



- 20 -

Fifty integrated-circuit LC delay lines for
position readout, each containing 10 taps at 2 ns
intervals/ have been tested, both individually and in
series of up to four delay lines (40 taps). Their
performance appears adequate for our use.

?.. 14 Monte Carlo Calculations of the Response of a Ge Detector
Surrounded by a BOO Anti-Compton Shield

K. Hagberg

The response of one of the elements of the Sir
spin spectrometer, a BGO suppressed Ge detector, has been
simulated by a Monte-Carlo code. Although this code may
be somewhat simplistic, since electron ranges and the dead
core of the Ge detector are not included, valid conclusions
can still be drawn from comparison of results obtained with
the same model for different geometrical configurations.

Calculations were initially made for one of the
BGO configurations sent to Harshaw for quotes: a 152 x 127
mm BGO cylinder with a 100 mm deep, 65 mm diameter bore, 11
mm off-centre from the cylinder axis, to house the Ge-
detector snout. The Y rays entr ihe interior of this
shield through a 42 run diameter hole in its side opposite
the Gc Crystal. As an example of the results for this
configuration, it was found that out of 20,000 1-MeV Y rays
striking the Ge detector surface, 14,900 deposited energy
and thus "fired" this detector. Most of these fired the
BGO shield as well, but 5,160 Y rays fired only the Ge
detector and out of these events 365 scattered out of that
detector and penetrated the BGO shield without firing it,
and 230 also escaped detection in the shield by leaving
through the cryostat opening. The singles spectrum
generated for the Ge detector thus had a peak area of 4515
and a tail area of 10,385, while the tail area of the
suppressed Ge spectrum was 645.

Changes in the geometry of the BGO shield can
actually result in a reduction of the suppressed Ge tail
area. Host of the Y rays penetrating the BGO shield
without firing it are found in the forward direction and an
improvement can thus be made by the introduction of a
thicker forward shield. A change in the off-centre
position of the bore for the Ge crystal, from
11 mm to 21 mm, reduces the number of Y rays penetrating
the shield from 365 and 265. The Y rays lost through the
cryostat opening may also be corrected for by a more
complex BGO shield. A cylindrical BGO plug with the same
diameter as the cryostat bore was introduced diametrically
opposite the cryostat. Calculations with this shield
arrangement showed that the number of Y rays escaping
through the cryostat could be adequately represented by the
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Y rays firing the BGO plug, providing that the front
surface of the plug is positioned at the sane distance from
the Gc-crystal as the cryostat opening.

In conclusion, it has been found that one of the
BGO shields presently under investigation at Harshaw pro-
vides a nearly optimum suppressor. The configuration for
an optimum suppressor necessitates more complex geometrical
and electrical arrangements and it is debatable whether the
benefits in improved suppression outweigh these
disadvantages.

2.15 TASCC Control System Operation

W.F. Slater, B.P. Greiner (NRX Reactor Branch) and
R.L. Graham

The PDP-11/34 computer-based system has func-
tioned reliably during the quarter. Because of sprinkler
installation in Bldg. 137 it was recommended that all com-
puters (PDP-1, PDP-in and PDt-ll/34) should be shut down
and covered with plastic. However, on the advice of DEC
personnel, it was decided to continue operation of the
PDP-11/34 in spite of the dirt. This allowed support of
the cyclotron group so that they could continue without
interruption. However, the terminals in Bldg. 137 were
covered with plastic, and access to them was limited during
this period.

2.16 CAMAC Orders for TASCC

R.B. Walker and R.L. Graham

An update on the status of recent CAMAC orders
for Phase I (previous report PR-P-134: 2.34; AECL-7778) is
as follows:

item status

SMC modules (Stepping- All 75 GEC modules have been
Motor Controllers) delivered and tested. Four

will be returned for repair.

IGOR modules 50 new GEC IGORs have been
(Input-Gate/ received and tested; 6 are
Output-Register) faulty; 20D more to come this

year.

CAMAC crates 25 delivered. A crate power
supply test procedure has
been defined and one power
supply has been tested.

Parallel highway cables Delivered.

50-wire cables No change; about 20f) more
required for phase I.
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parallel highway
terminators

Serial highway driver

On order.

A fourth unit is needed;
order delayed until funds
permit.

2.17 New Computer for the TASCC Control System

R.L. Graham, W.F. Slater with B.F. Greiner (HRX Reactor
Branch)

Two basic PDP-11/44 computers were delivered on
September 1. A DEC expert on the matter of site prepara-
tion discussed the requirements for our installation with
us on September. 8. The only surprise was a requirement for
an "isolated ground" for the mains distribution. This was
hurriedly sorted out with J. Fisher and N. Gee, and
construction drawings updated accordingly.

As the new control room will not be available
until late November, one of the PDP-11/44S has been
installed temporarily in the tower room. This will permit
development of the new (to us) IAS software system without
delay. •

2.18 Control of 16-bit Unipolar DACs for TASCC

W.F. Slater

The test of the first ion cage power supply
revealed that the VICK5I control software had provision for
signed 15-bit integers but not for the 16-bit unsigned
integers needed for controlling the 16-bit digital-to-
analogue converters (DAC) that will be used in many of the
TASCC power supplies. To meet this need a subroutine that
calculates 16-bit unsigned integer numbers for these
unipolar DACS (from real, floating point numbers) has been
written and tested. It is available as a patch on the
PDP-11/34 and has been used to test two ion-cage power
supplies.

2.19 CAMAC-to-RS232 Interface for TASCC

PI.A. Sivilotti

A CAMAC module has been designed and constructed
to pass ASCII messages from the CAMAC dataway to any
RS-232C device. This unit has been tested using a VOTRAX
text-to-speech synthesizer and loud speaker. While the
speech quality leaves something to be desired, it may prove
useful in making certain audible warning messages available
to the operator.
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2.20 Ream Transport System for the Superconducting Cyclotron

W.G. navies

The first shipment of bean-transport system
components has been received from Instrument An
Scanditronix. It includes the first two dipoles, BI1 and
RI2, IS type-L7 quadrupoles, seven 4-kW quadrupole power
supplies, R cabinets for the quadrupole supplies plus a
number of small items. The shipment was well packed and
there was essentially no shipping damage apparent.
Installation of both dipoles has begun.

Initial attempts to align Bll revealed an error
of .0833° in the apparent bending angle. A subsequent
investigation of this problem revealed rather large errors
in the datum holes drilled in the lower poles. These
errors do not degrade the performance of the dipole, but
complicate its installation. A procedure to compensate for
the errors has been established and final alignment of RI1
will take place shortly. Measurements of the datum holes
for BI2 show that only one hole is outside of tolerance, a
significant improvement. Ho difficulties should be
experienced with the alignment of BI2.

The shims added to Bll and BI2 to improve the
homogeneity of the magnetic field in the region of the NMR
probe (See PR-P-134: 2.33; AECL,-"?778) were found to be of
poor quality. Hand fitting of these shims at CRNL is in
progress. This shoald result in our approaching the factor
of 5 improvement expected from calculation instead of the
factor of 2 actually observed. This will result in a much
better HHR signal, especially at the highest operating
field strengths.

A preliminary analysis of the magnetic field
measurements has been made for Bll and BI2. In particular
the position of the effective-field boundary (EFP), the
fringe field offset, Ax, and the pole face rotation (shim
angle) correction angle, i|/, have been calculated and
compared with the theoretical predictions used in the
design of the magnetic elements. The agreement is
impressive, indicating very high quality in the design and
machining of the components.

RE1, BI3, RI4, and all quadrupole elements have
been field mapped. mhe results are highly satisfactory
except for riMR pad shims (which we will refit here) and one
type-L7 quadrupole, which exhibited a total harmonic
content about a factor of 2 outside tolerances. An
investigation showed errors in the pole piece alignment.
The poles will be refitted and the magnet tests repeated.
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Although a number of specific problems have been
discussed here, it is worth stating that the overall
quality of the items received has been very good.

Two more containers have been shipped and should
arrive in Chalk River any day. They contain dipole BE1 and
4 type-L2 quadrupoles, two 2O-kV7 dipole power supplies,
three 50-kVJ dipole power supplies, seven 9.4-kW and four
3.2-kW quadrupole power supplies. Dipoles BI3 and BI4 are
scheduled to be shipped this week.

2.21 Progress of the BTS Vacuum and Support System for TASCC

H.R. Andrews, W.G. navies, A.S.C. Hyde, P.J. Jones, J.J.
Mill, F.J. Sharp

The installation of the beam line vacuum system
for the tandem to the exit of BI2 is awaiting the
completion of the installation and alignment of BI1 and RI2
and the installation of the support cabinets, which should
occur momentarily. All vacuum components required are on
hand and those recently completed in the shops are being
cleaned in preparation for installation. Various
subassemblies of pumps and valves have been assembled and
tested.

With the exception of the local actuator boxes,
which are delayed by component deliveries, sufficient
numbers of all other elements of the vacuum-control system
will be available. Temporary versions of the local
actuators will be constructed for the initial commissioning
of the system.

2.22 Progress on BTG niagnostics

T.K. Alexander, N.C. Bray. S. Eastman (HRX Operations
Branch) and J.J. Hill

All motor-driven slit assemblies for Phase I have
been fabricated, assembled and electrically tested. A
prototype edge-cooled scraper-aperture device has been made
for use in front of slit systems to define the maximum
aperture. Three units have been made.

A prototype interlock unit for the water cooling
circuit for the slits and Faraday cups has been assembled.
An order has been placed to have assembled the required
number of units for the injection beam line.

The beam profile monitor drive units for use with
their multiplexer have been received.
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2.23 TASCC Electronics

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

Tests have been successfully completed on the
CAMAC/fibre optic controlled Einzel lens power supply
combination (PR-P-133: 2.39; AECL-7633). Changes in
software were carried out to cope with the full 16 bit
range and are described elsewhere (see 2.10).

The commercially built extraction power supply
(30 kv d.c. P 25 mA) for the tandem/cyclotron ion injector
has arrived and is undergoing tests to determine the most
satisfactory method of introducing fibre optic control.

Wiring of the first CAMAC-controlled beam-steerer
chassis is virtuaJly complete and must await arrival of the
control panel from the machine shop. Computer-control
tests will then be necessary to adapt the software to the
"peculiarities" of the steerer function.

Thirty IGOR-interface/fibre-optic control chassis
have been completed by the machine shop and await
installation of components.

Mechanical drawings for the inflection magnet
power supply are in the machine shop, and those for the
RSAG lenses are well advanced.

2 .24 nata Acquisition

J.S. Forster, G.C. Rail and F.J. Sharp

A meeting was held on September 20, 21, 1982 to
discuss alternatives for the on-line data acquisition
system for TAfiCC. The two systems under consideration were
a VAX 11/750 computer with the XSYS software development at
the TUNL facility (C.R. Could et al., IEEE NS-28 (1981)
3708) and a Perkin-Elmer 3230 computer with the software
developed at ORNL (W.T. Milner et al., IEEF NS-26 (1979)
4399); both systems are CAMAC based. The ORNL system had
already been studied in detail (G.C. Ball and F.J. Sharp,
TASCC-10-K 1982)) . tl.E. Davison, University of Manitoba
and R.A. McNaught, McHaster University, who are using the
TUNL system, attended the meeting as well as P. Skensved
and R. Stevenson from Queen's University.

Davison presented a colloquium on Manitoba's
first year of experience with the TUNL system. The
subsequent discussion centred on the ability of the two
systems to satisfy the needs of the new accelerator complex
at CR11L and it was agreed by all present that the ORNL
system was better suited to our needs.
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Quotes are being requested for both VAX 11/750
and Perkin-Elrner 3230 based systems for a cost comparison.
At the same time the committee is investigating alternative
software for a VAX based system (e.g. HSU is currently
developing software for a VAX based system at the National
Superconducting Cyclotron Laboratory).

2.25 Progress in the Safety Interlock System for TASCC

G.C. Ball, N. Burn (NRX Reactor Branch), J. Barsczewski and
C. Langlais (Design & Technical Services Branch) and R.
Roiha (Mathematics and Computation Branch)

Most of the hardware for the safety interlock
system (SIS) has been delivered and tested. The
description of the routine operation of SIS for radiation
hazards has been extensively revised and expanded.
Programming of the Burr-Brown microcomputer will begin
shortly. R. Roiha has joined the safety group and will be
working with J. Barsczewski on software development for
SIS.

The requirements for facility-layout displays
have been finalized. The facility-layout drawing is
complete and the designs of the naster and slave displays
are ready for submission to the workshops.

The beamline interlock requirements for SIS have
been specified.

2.26 isotope Separator Relocation

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

The redesign of the interconnections between the
control desk and the new ISOL location has been completed,
and final drawings have been produced by plant Design
Branch. All required cable is on hand or has been
ordered. Estimates have been made for the necessary
electrical and mechanical labour required for the move.
Work is expected to begin shortly.

A redesign of our ion-source cage is also
underway with the help of Plant Design Branch. Although
necessitated by the changed geometry of the new cage area,
the design will also incorporate many improvements to
facilitate access to the ion-source power supplies and the
source itself.
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2.27 MP Tandem Operation

J.C.D. Milton

The tandem remained shut down during the
quarter. The modifications for TASCC are well underway,
the new ion source cage and its components are being
assembled and the accelerating tubes have been reinstalled
for reverse operation. Before reinstalling the tubes the
column structure and each of the two sets of charging
chains were tested. The column easily supported a voltage
of 15 MV and the chains, the equivalent terminal voltage
of 19 MV. Operation with TAHCC is predicated on a maximum
terminal voltage of 13 MV.

2.28 ^he Absolute Calibration of the High Resolution

Photof ission .Spectrum of 2 3 6U near Threshold

J.L. Gallant et al.

See PR-P-135: 3.19

2.29 Parity Mixing in 21Ne: Evidence for Weak Neutral Current
in Nuclei

A.B. McDonald et a l .

See PR-P-135: 3.20

2.30 Parity Violation in the Photodisintegration of Deuterium

A.B. McDonald et a l .

See PR-P-135: 3.21

2.31 Counter Electronics for the Neutrino-Mass Experiment

R.L. Graham et a l .

See PR-P-13 5: 3.22

2.32 Miilt-.i-wi.re Proportional Counter for the Neutrino-Mass
Experiment

R.L. Graham et al.

See PR-P-135: 3.23

2.33 Data Acquisition and Computer Control System for the
Neutrino-Mass Experiment

R.L. Graham et a l .

See PR-P-135: 3.24
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2.34 BIC Signal Conditioning

E.T.H. Clifford et al.

See PR-P-135:3.26

2.35 137Cs International Comparison

L.V. Smith et al.

See PR-P-135: 3.29

2.36 Data Acquisition System for Radionuclide Metrology

L.V. Smith et al.

See PR-P-135: 3.30

2. 37 4iry Counting

L.V. Smith et a l .

See PR-P-135: 3.31

2.38 Radiation Induced Defects in a Bent Crystal

J.S. Forster et al.

See PR-CMa-6 2: 1.6.1

2.39 Zi-Dependence of Specific Energy Loss

D. Ward et al.

See PR-CMa-6 2: 1.2.2

2.40 Laser Magnetic Resonance

J.S. Geiger et al.

See PR-CMa-62: 3.3.2

2.41 Publications and Lectures
a) Publications

THE DECAY OF A NEW NUCLIDE: 7 1 B r
E. H a g b e r g , J . C . Hardy , H. S c h m e i n g , H .C . E v a n s ,
U . J . S c h r e w e , V .T . Kos lowsky , K . S . Sharma and
E.T .H. C l i f f o r d
N u c l e a r P h y s i c s A383 (1902) 109-118
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CALIBRATION OF THE TRANSIENT MAGNETIC FIELD FOR RARE-EARTH
NUCLEI IN IRON: APPLICATION TO g-FACTORS OF HIGH SPIN
STATES IN 15 f 54Sn
H.R. Andrews, 0. Hausser, D. Ward, P. Taras, R. Nicole,
J. Keinonen, P. Skensved and B. Haas
nuclear Physics A3B3 (19B2) 509-529

ISOMERIC TRAPPING FOLLOVJING COULOMB EXCITATION OF HIGH
SPIN STATES III 178Hf
J.H. Hamilton, A.V. Ramayya, R.M. Ronningen, R.O. Sayer,
H. Yanada, C.F. Haguire, P. Colombani, D. Hard,
R.M. Diamond, F.S. Stephens, I.Y. Lee, P.A. Butler and
0. Habs
Physics Letters 112B (1982) 327

LIFETIMES OF LEVELS OF 30S AND THE VARIATION OF E2
TRANSITION STRENGTHS WITH T z and A
T.K. Alexander, G.C. Ball, J.R. Forster, W.G. Davies,
I.V. Hitchell and H.-B. Plak
Physical Review Letters ^£ (1982) 438

FAR-INFRARED LASER MAGNETIC RESONANCE SPECTRUM OF NHD
A. Carrington, J.S. Geiger, D.R. Smith, J.D. Bonnett and
C. Brown
Chemical Physics Letters 90 (1982) 6

RECENT TRANSIENT MAGNETIC FIELD MEASUREMENTS OF g-FACTOnfi
OF HIGH SPIN STATES
H.R. Andrews , 0. HHusser, r>. Ward and P. maras
Proceedings of the 1982 INS INTERNATIONAL SYMPOSIUM ON THE
DYNAMICS OF COLLECTIVE MOTION - High-Spin States and
Transitional Nuclei - held at the foot of Mt. Fuji,
July 6 - 10, 1982.

DECAY STUDIES OF THE NEW ISOTOPES 1 6 2r 1 6 3Hf
U.J. Schrewe, E. Hagberg, H. Schmeing, J.C. Hardy,
V.T. Koslowsky, K.S. Sharrna and E.T.H. Clifford
Physical Review 2J5C (1982) 3091

LIFETIMES OF LOW-LYING LEVELS IN 18F
G.C. Ball, T.K. Alexander, W.G. Davies, J.S. Forster,
I.V. Mitchell, J. Keir.onen and H.B. Mak
Nuclear Physics A386 (.'.902) 333

b) Lectures

GAMMA-RAY CONTINUUM FEEDING THE J = 49/2 ISOMER IN 147Gd
P. Taras, B. Haas, D. Ward, H.R. Andrews and N. Rud
Abstract submitted to the International Conference on
Nuclear Structure held in Ansterdam, THE NETHERLANDS,
1982 August 30-September 3.
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l V CONTENT OF ANTARCTIC METEORITES MEASURED WITH THE
CHALK RIVER HP TANDEM ACCELERATOR
H.R. Andrews, R.M. Brown, G.C. Ball, N. Burn, Y. Imahori,
J.C.D. Milton and W.J. Workman
Abstract submitted to the Fifth International Conference
on Geochronology, Cosmochronology and Isotope Geology,
Nikko, Japan, 1982 June 27 - July 2

RECENT TRANSIENT MAGNETIC FIELD MEASUREMENTS OF g-FACTORS
OF HIGH SPIN STATES
H.R. Andrews and 0. HSusser
Invited talk delivered by H.R. Andrews at 1982 INS
INTERNATIONAL SYMPOSIUM ON THE DYNAMICS OF COLLECTIVE
MOTION - High-Spin States and Transitional Nuclei - held
at the foot of Mt. Fuji, July 6 - 10, 198 2

UPPER LIMIT ON PARITY MIXING IN 21Me
E.D. Earle, A.R. McDonald, E.G. Adelberger, K.A. Snover,
H.E. Swanson, R. von Lintig, H.-R. Mak and G.A. Barnes
Abstract submitted to International Conference on Nuclear
Structure held in Amsterdam, THE NETHERLANDS,
1982 August 30 - September 3.

PARITY VIOLATION MEASUREMENTS: HOW ACCURATE IS YOUR
MIRROR?
A.R. McDonald
Abstract submitted to 1982 CAP Congress, Queen's
University, 1982 June 21-24

PLANS FOR A HIGH-RESOLUTION MEASUREMENT OF THE TRITIUM
RETA-SPECTRUM END POINT TO DETERMINE THE NEUTRINO MASS
R.L. Graham, M.A. Lone, H.R. Andrews, J.S. Geiger,
J.L. Gallant, J.W. Knowles, H.C. Lee and G.E. Lee-Whiting
Talk given at the neutrino Mass Mini-Conference and
Workshop, Cable, Wisconsin, 1982 September 23-25.
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NEUTRON AND SOLID STATE PHYSICS BRANCH

(Report compiled by B.M. Powell)

3.1 Staff

3.2 Crystal Structures of K2ReBr6

3.3 Thermal Dehydration of 6- Methylpurine (6 Met Pur)

3.4 Gamma Ray Damage to Superoxide Dismutase (SOD) determined

by Small Angle Neutron Scattering (SANS)

3.5 Investigations of the State of Water in Live Biological

Systems by Neutron Scattering

3.6 Excitations in 3-N2 at 55 K and 400 MPa

3.7 Phonons in Solid Chlorine

3.8 Valence Fluctuations

3.9 Solitons in CsCoBr3

3.10 Neutron Inelastic Scattering Measurements on Actinide

Metals and Compounds

3.11 Magnetic Excitations in One-Dimension

3.12 Vacancy Formation Energies in High Purity a- and B-Thorium

3.13 Neutron Spectrometer Control: The PLOT Package

3.14 Spectrometer Control Systems

3.15 Communications Link between PDP/11 and Cyber 170/720

Computers

3.16 Preparation of Silicon Monochromators

3.17 Thermal Neutron Multidetector

3.18 Reactor Beam-Hole Use

3.19 The Absolute Calibration of the High Resolution

Photofission Spectrum of 2 3 8U near Threshold

3.20 Paritv Mixing in 21Ne: Evidence for Weak Neutral Currents

in Nuclei
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3.21 Parity Violation in the Photodisintegration of Deuterium

3.22 Counter Electronics for the Neutrino-Mass Experiment

3.23 Multi-wire Proportional Counter for the Neutrino-Mass

Experiment

3.24 Data Acquisition and Computer Control System for the

Neutrino-Mass Experiment

3.25 BIC Detectors

3.26 BIC Signal Conditioning

3.27 Detector Servicing

3.28 3He Systems

3.29 137Cs International Comparison

3.30 Data Acquisition System for Radionuclide Metrology

3.31 4ity Counting

3.32 Standards Issued

3.33 Glassblowing Services

3.34 Machine Shop Services

3.35 Data Acquisition System for the Deuterium Parity Violation

Experiment

3.36 Computer Simulation Studies for the Neutrino-Mass

Experiment

3.37 Neutron Spectrometer Data Analysis and Plot Program

3.38 Publications and Lectures
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3 . 1 Staff

BRANCH HEAD: G. Doll ing

SECTION I

Technical Staff
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1. Summer professor from University of Wisconsin, terminated
1982 August 6.

2. Summer professor from University of Toronto, terminated 1982
August 20.

3. Returned from leave of absence at Brookhaven National
Laboratory, 1982 September 2.

4. Summer student froir. University of Winnipeg, terminated 1982
September 3.

5. Summer student from University of Windsor, terminated 1982
September 10.

6. Summer student from University of Saskatoon, terminated 1982
August 31.

7. Summer student from University of Waterloo, terminated 1982
September 9.

8. Seconded from Design and Technical Service Branch.
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3.2 Crystal Structures of K?ReBrfi

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

Previous nuclear quadrupole resonance (NQR) experi-
ments (R. IVedo, D. Nakamura and M. Kubo, J. Phys. Chem.
69, (1965) 2101) indicate that the antifluorite compound
K2ReBrg undergoes phase transitions at 269 K, 257 K and
246 K. The crystal structure is not known in detail for
any of these phases, although the room temperature struc-
ture is known to be cubic. Neutron powder diffraction
experiments were undertaken to determine the detailed
crystal structures of the phases, leading to an understan-
ding of the nature of the phase transitions.

The measurements were carried out on polycrystalline
samples on the C5 spectrometer. The monochromator was
Ge (113) and neutrons of wavelength 1.6 A*were used with
collimations of 0.43° and 0.71° before and after the
sample. A graphite (002) analyser was used to suppres.'3
the background due to elastic incoherent scattering.
Scans were made with the scattering angle, <(>, varying from
10° to .« 90° in 0.1° steps and the counting time at each
point was « 5 minutes.

Scans were initially made at 298 K and 205 K. At
both temperatures the data could be indexed assuming cubic
symmetry, indicating that no phase transition had occurred
between the two temperatures. On lowering the tempera-
ture to 120 K several of the high temperature peaks were
split and superlattice peaks appeared, thus showing that a
structural phase transition had taken place. The tempera-
ture was raised until the splitting of peaks at $ = 36°
and the intensity of a superlattice peak at <j> « 34° both
vanished. This occurred at a temperature of « 195 K.
Scans were made at this temperature and also at 4.6 K.
Comparison of the data at the latter temperature and at
120 K shows that no transition occurs below 120 K.

The reason for the discrepancies between the results
from neutron scattering and from NQR is not understood at
present. Our sample of K2ReBr6 is being analysed to
determine if the presence of impurities might be the
cause.

1 A = o.l nm
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~i. 3 Thermal Dehydration of 6- Methylpurine (G Met Pur)

P. Martel

Previous isochronal thermogravimetric measurements
(PR-P-134: 3.4; AECL-7778) gave anomalous results for the
temperature dependence of the weight loss from hydrated
6 met pur. It is now found that the weight loss begins at
very low temperature (° 25°C) and is essentially complete
at 36°C. This is in contrast to the results for cytosine
monohydrate (CMH) where the corresponding temperatures are
35°C and 40°C. In both substances the total weight loss
corresponds to one H20 molecule per base. Similar measu-
rements are planned for thymine monohydrate as part of a
general investigation of nucleic acid base and water
interactions. These interactions are thought to be impor-
tant during replication and recombination of DNA.

3.4 Gamma Ray Damage to Superoxide Dismutase (SOD) determined
by Small Angle Neutron Scattering (SANS)

P. Martel and B.M. Powell with A. Petkau (WNRE)

Analysis of the SANS data from irradiated SOD
(PR-P-134: 3.5; AECL-7778) has been completed. The
shape of SOD molecules has been confirmed to be nearly
cylindrical. The SANS data from aqueous solutions of SOD
irradiated with low doses of 60Co gamma rays, while N20 is
bubbled through the solution, shows that irradiation
causes SOD molecules to aggregate in a "side-by-side" con-
figuration with their cylinder axes parallel. At increa-
sed doses (" 3.8xio3 Gy) the cylinders also form bimole-
c.ular species with an "end-to-end" configuration and their
axes collinear. The latter configuration is unstable and
tends to break up after several hours. The results are
interpreted in terms of biochemical inactivation assays
which indicate time-dependent changes in enzyme potency.

3.5 Investigations of the State of Water in Live Biological
Systems by Neutron Scattering

P. Martel

Quasielastic scattering and the beryllium filter
method are two neutron scattering techniques useful for
investigating the state of water in live biological
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systems. Quasielastic scattering was used by Trantham
(E.C. Trantham, Diss. Abstr. Int. B. 42(2) (1981) 481) to
study hydration in brine shrimp. However, it has been
shown (P. Martel and B.M. Powell, Solid State Comm. 39
(1981) 107) by measurements on a simple inorganic sysTem
(AACA3 in H2O) that the quasielastic technique, although
powerful in theory, has drawbacks in practice due to dif-
ficulties imposed by model-dependent interpretation. This
is because the quasielastic method requires accurate
intensity measurements. If the biological system has
irregular geometry, then essential corrections are diffi-
cult to apply and the reliability of the deductions is un-
certain.

The beryllium filter method is a spectral technique
and is thus relatively simple to interpret. The method is
based on the hypothesis that hindrance of the rotational
motion of water in biological systems should result in
shifts of the rotational modes to higher frequency.
Inelastic scattering from water can be probed at frequen-
cies where its rotational modes predominate. Statistical
analysis of the scattering from live systems (e.g. plant
leaves) is based on the assumption that least-squares fit-
ting of an experimental spectrum can be carried out using
adjustable percentages of ice and free water spectra to
describe hydrate and free water fractions. The latter
assumption will be checked in a r°w series of experiments
to be carried out on well-characterized model systems. A
comparison of these two neutron scattering techniques has
been presented (P. Martel, Brookhaven Symposium No. 32 on
"Neutrons in Biology" June 1-4, 1982) and the application
of the beryllium filter technique has recently been des-
cribed in detail (P. Martel, Biochimica Biophysica Acta.
714, (1982) 65).

3.6 Excitations in B-N? at 55 K and 400 MPa

B.M. Powell, H.F. Nieman and G. Dolling

Analysis of the inelastic neu*ron scattering data
from B-N2 at 55 K and 400 MPa (PR-P-129: 3.3; AECL-7328)
has been completed. Scattered neutron distributions were
measured for excitations propagating along the hexagonal
axis. Measurements of the longitudinal excitations were
made with wave vector transfer between (002) and (003) and
of the transverse excitations with wave vector transfer
between (110) and (111). These experimental distributions
all showed a peak, which is interpreted as an acoustic
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phonon, and intense scattering at low frequencies. The
latter has the appearance of an overdamped mode and is
interpreted as a librational excitation. The distribu-
tions were analysed in terms of the Michel-Naudts theory
of translational-rotational interactions (J. Chem. Phys.
67 (1977) 547). If the phonon-phonon damping coefficient
Ti" fixed at zero, the theory can describe the experimental
distributions quite well. It is found that, at least for
these excitations, 3-N2 is in the "slow relaxation"
regime. Orientational correlations persist for a time
long compared with the period of a phonon, leading to a
strong translational-librational interaction. However,
these scattered neutron distributions can also oe analysed
in terms of two "ad hoc" models: one in which the
"overdamped" mode and the phonon are both described by a
Gaussian lineshape and one in which both are described by
a Lorentzian lineshape. Both these "ad hoc" models can
describe the experimental data as well as the Michel-
Naudts theory.

The phonon frequencies for acoustic modes propagating
along [001] and [110] were determined and, where the
phonon could be definitely identified, were found to lie
on straight lines. The slopes of these lines were calcu-
lated and the elastic constants derived from them are (in
unit of 109 N.m" 2): - C u = 4.43±0.14, C 3 3 = 5.92±0.14,
C4M = 0.61±0.02.

Measurements of four of the above-mentioned neutron
scattering distributions at a lower temperature and pres-
sure (46 K, 380 MPa) showed very little change in the
acoustic phonon modes. However, the shape of the low fre-
quency librational response was significantly different;
while still broad and ill-defined, the librational modes
appear to have non-zero frequencies at this lower tempera-
ture.

3.7 Phonons in Solid Chlorine

B.M. Powell

As part of the program of investigation into the
dynamics of simple molecular solids, the frequencies of
intermolecular phonons propagating in solid chlorine
(Cji2)have been measured. A single crystal of Ci2 was
grown and cooled to 106 K. The crystal was oriented so
that the scattering plane contained the [100] and [011]
directions. Measurements were made on both N5 and L3
spectrometers: the former with Si (111) as the monochro-
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mator and graphite (002) as the analyser and the latter
with Ge (113) as the monochromator and graphite (002) as
the analyser.

The frequencies of intermolecular modes propagating
along the [100], [111] and [011] directions were
measured. For each direction two acoustic branches and at
least one optical branch of the dispersion relation were
outlined. At the zone centre, r, three modes could be
iden ified with frequencies (in THz) of: 1.04±0.05,
1.75+0.05, 2.54+0.08. At the zone boundary point R(-| ̂ -i)
three modes can also be identified with frequencies(rn
Thz) of: 1.24±0.05, 1.75+0.04 and 2.:4±0.06. A more
detailed analysis of the data requires the development of
a lattice dynamical model and these calculations are in
progress.

3.8 Valence Fluctuations

W.J.L. Buyers and D.L. Huber

The periodic Anderson model for a lattice of ions
which may exist in either the fn or fn-1 d-configura-
tion has been studied. An approximation has been found
that permits calculations of the hybridization of the
localized levels with the conduction d-electrons. It
appears feasible to derive the neutron scattering cross
section in terms of transitions between these single-
particle states.

3.9 Solitons in CsCoBr^

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

Measurements of the soliton inelastic lineshape have
been made to test the theoretical prediction of Maki
(Phys. Rev. Z4_ (1981) 335) that the lineshape in this one-
dimensional compound is a Lorentzian raised to the 3/2
power (L 3/ 2). By contrast the lineshape for normal 3-d
systems is Lorentzian, while that for spin glasses or for
magnets in a random field is a Lorentzian squared. The
present measurements at 35 K and 80 K extend to higher
frequencies than before (PR-P-133: 3 .14: AECL-7683), and
are more accurate. The prediction of L3'2 is found to
give slightly too much intensity at high frequencies. The
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full expression for the lineshape, of which the I?'2

lineshape is an approximation, has unexpectedly been found
to give a poor description of the experimental data. This
suggests that by approximating, Maki has compensated for
errors in his full theory.

3.10 Neutron Inelastic Scattering Measurements on Actinide
Metals and Compounds

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

A review of the above topic that will form a chapter
in the forthcoming "Handbook of the Actinides" edited by
A.J. Freeman and G.H. Lander (North Holland) was in pro-
gress during this period. The review covers work on mag-
netic excitations, lattice vibrations, critical scattering
and the underlying electronic structure of Actinide metals
and compounds. A major portion of the experimental work
reviewed was carried out at Chalk River Nuclear Laborato-
ries.

3.11 Magnetic Excitations in One-Dimension

W.J.L. Buyers with Mark Kent (Mathematics and Computation
Branch)

The program for calculating the eigenvalues of the
Hamiltonian of a one-dimensional chain (PR-P-134: 3.12;
AECL-7778) has been modified to handle rings of spins as
well as chains. This enables a much better ground state
to be obtained.

A group of programs has been written to obtain eigen-
vectors of the Hamiltonian, and to plot the spin-wave
response function associated with these eigenvectors.

3.12 Vacancy Formation Energies in High Purity a- and B-Thorium

S.M. Kim

The temperature dependence of the positron annihila-
tion peak rate has been measured in both high purity o-
thorium (PR-P-134: 3.7; AECL-7778) and g-thorium (1345°C <
T < 1460°C). At temperatures above » 700°C a very gradual
S-shaped rise was seen indicating positron trapping at
thermal vacancies. The total increase in the peak rate
between 700°C and 1460°C was only 7.8%, much smaller than
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for many other metals. The peak rate did not change
across the a-0 (fee to bec) phase boundary at = 1345°C,
unlike the case of iron and some iron alloys. This
strongly indicates that positron trapping at vacancies is
lready saturated at temperatures below 1345°C.

The data have been analysed according to the trapping
model, allowing the possibility of positron detrapping
from vacancies at high temperatures. The detrapping
model, however, predicted non-saturation of the peak rate
even above 1345°C and thus was discarded. Because of the
very gradual rise of the peak rate, the standard trapping
model fit did not give unique values for the trapping
parameter A and the vacancy formation energy Ef. A good
fit to the data ^x = O.g-1.0) could be obtained with A in
the range » 5x10 to 10 . However, since the trapped peak
rate is only a few percent greater than the free peak rate
in thorium, it is expected that the parameter A should
also be nearly equal to or smaller than those in other
metals, where A ranges from « 5x10 to » 1.5x10 . Thus if
we assume that 5x10 < A < 1.5x10 in thorium, we obtain
Ef = 1.20±0.15 eV in a-thorium. Since positron trapping
is already saturated in g-thorium we also deduce that Ef
in 0-thorium is equal to or smaller than that in a-
thorium. The vacancy formation energy in a-thorium obtai-
ned from the semi-empirical threshold temperature (T̂ -)
method agrees with the value deduced above since Tt =
965 K.

3.13 Neutron Spectrometer Control: The PLOT Package

W.J.L. Buyers and N.G. Campeau with H. Keech (Mathematics
and Computation Branch)

The PLOT program (PR-P-134: 3.13; AECL-7778) has been
extended to permit the analysis of signal and background
data from several scans, the plotting of several scans
per page and the printing of scan data.

3.14 Spectrometer Control System

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

The N5 spectrometer control system has been replaced
with a new C5-type control system (PR-P-133: 3.16; AECL-
7683). The new N5 system is linked to the Star-11 network
and has access to all the shared facilities (e.g. plotter,
scan editor) of this network.
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3.15 Communications Link between the PDP/11 and Cyber 170/720
Computers

M.M. Potter

The program that supports the communications link
between the PDP-11 computer system controlling the neutron
spectrometers in Bldg. 150 and the central computer faci-
lity in Bldg. 508 has been re-written to provide compati-
bility with the new CDC terminal system. The new program
supports bi-directional file transfers between the systems
and provides enhanced error reporting and recovery capabi-
lities.

3.16 Preparation of Silicon Monochromators

H.F. Nieman and G. Dolling

The program of hot-pressing single crystal silicon
slabs (» 50 cm - 65 cm ) has been continued (PR-P-132:
3.8; AECL-7605) using facilities at the Department of
Energy, Mines and Resources, Ottawa. Five slabs of sili-
con, cut with the (113) crystal planes parallel to the
slab faces, were hot-pressed at 1350°C in a vacuum furnace
at pressures between 7 MPa and 28 MPa (1000-4000 psi).
Several monochromators have been produced with mosaic
widths (FWHM) between 0.20° - 0.63°. Further hot-pressing
is planned to improve the crystal reflectivities for a
given mosaic width.

3.17 Thermal Neutron Multidetector

H.F. Nieman and B.M, Powell

The use of increasingly high resolution in both pow-
der diffraction and small angle scattering measurements
significantly increases the experimental time required to
obtain adequate counting statistics. One method of
reducing the time is to simultaneously count the scattered
neutrons with many detectors at different scattering
angles. As a preliminary investigation of thermal neutron
detectors suitable for the construction of such a
"multidetector", the efficiency of two high resolution,
commercial He detectors has been compared with that of a
3He detector (HP7) constructed by the Counter Development
Section. The commercial detectors were purchased from:-
(i) Reuter-Stokes (RS), circular cross section, 0.5 cm
diameter and 11 cm long with a gas pressure of 4 MPa and
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(ii) LCC, elliptical cross section, axes 1.12 cm and
0.6 cm and 10 cm long with a gas pressure of 1 MPa. The
HP7 detector has a circular cross section, 3.75 cm
diameter and is 7.6 cm long with a gas pressure of
0.7 MPa.

Each detector in turn was mounted in the detector
shielding of the L3 spectrometer on a special bracket con-
structed to ensure reproducibility in the detector loca-
tion. A neutron beam of angular divergence 0.06° was
incident on the detector through a Cd slit, 1 mm wide and
5 mm high, placed immediately before the detector.

The results of the comparison are summarized in the
table below.

Wavelength
X(A)

1.50

1.82

2.50

4.0

3.18 Reactor

HP7
Calculated
Efficiency(%)

94

97

99

100

Beam-Hole Use

RS
Efficiency
Relative to HP7

0.91

0.93

0.99

0.99

LCC
Efficiency
Relative to HP7

0.68

0.72

0.83

0.91

B.M. Powell and H.F. Nieman

The C-2 fast-neutron chopper facility and the N4
thermal-beam facility were shutdown for the period. The
Guelph University spectrometer operated for 90% of the
period and the McMaster University spectrometer for 40% of
the time. Utilization at the other occupied beam holes
was as follows:



C-1

C-4*

C-5

L - 3

N-5

2

1

2

4

4

1

1

2

3

2
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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)

0 80

1 25

2 88

2 96

3 95"

Total reactor operating time was 73.3 days.
* The C-4 spectrometer was shut-down at the end of July for

extensive modifications.

3.19 The Absolute Calibration of the High Resolution
Photofission Spectrum of U near Threshold

J.W. Knowles and W.F. Mills with J.L. Gallant (Nuclear
Physics Branch)

In order to measure the absolute cross section of the
photofission spectrum of U obtained at the University
of Illinois (PR-P-134: 3.18; AECL-7778) it is necessary to
measure the counting efficiency of the fission chamber
containing 120 target plates, each 1.8 mg«cm~ thick. The
counting efficiency of this large chamber is compared with
that of a reference chamber containing a single target-
plate of UF^, 197.2 ug«cm~ thick. The two chambers
are located in tandem in a collimated beam of « 9.0 MeV
Y-rays at the NRU reactor. The reference chamber has a
measured efficiency of > 99% (PR-P-129: 3.12; AECL-7328).
The absolute efficiency of the large fission chamber
derived from this measurement is 0.55±0.03. This value
is then used to obtain the absolute cross section for
photofission of 2 3 8U between 4950 and 6350 keV. In parti-
cular, the peak cross sections at 5990, 6090, 6130 and
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61|0 keV are 0.48±0.05, 0.70±0.07, 0.74±0.08 and 0.51+0.05
fm , which combine to give an average cross section of
0.60+0.03 fm over a range of 200 keV. This is in good
agreement with previous low resolution measurements (A.M.
Khan and J.W. Knowles, Nucl. Phys. A179 (1972) 333).

3.20 Parity Mixing in 21Ne: Evidence for Weak Neutral Currents
in Nuclei

E.D. Earle and F. Rozon with A.B. McDonald (Nuclear
Physics Branch), E.G. Adelberger, K.A. Snover, H.E.
Swanson and R. von Lintig (University of Washington),
H.B. Mak (Queen's University) and C.A. Barnes (California
Institute of Technology)

Analysis of circular polarization data collected
previously (PR-P-133: 2.4; AECL-7683) is complete and no
evidence of parity mixing between the 2796, l/2+ and 2789,
1/2" levels in Ne was observed. The circular polariza-
tion of the 2789 keV y-ray transition was measured to be
(0.3±1.6)*10 and may be combined with earlier measure-
ments (PR-P-128: 2.3; AECL-7234) at the University of
Washington for an average value of

|P^(2789)| = ( 0.8+1.4) x 1O~3

This limit, combined with the limit on Py for the
1081 keV transition in 18F and the measured value of the
asymmetry of the 110 keV >-ray de-exciting the first
excited state in polarized 19F may be combined with shell
model calculations of Haxton and co-workers (W.C. Haxton,
Phys. Rev. Lett. ^6 (1981) 698 and private communication)
to predict isoscalar and isovector weak nucleon-nucleon
coupling constants (Fig. 1). These values are in
excellent agreement with the "best" theoretical values
obtained (B. Desplanques et al. Ann. Phys. 124 (1980) 449)
in a Weinberg-Salam model and show clear evidence of weak
neutral currents (f is constrained to be < 1.3 for no
neutral currents).
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Fig. 1 TheQrange of possible isovector ( f ) and isoscalar
(h +0.56 h ) coupling constants consistent with the 18F, l F,

2 1
and Ne measurements and the most recent shell model calcula-
tions. The hatched area is common to all three measurements.
The arrows are Weinberg-Salam model "best" estimates.

3.21 Parity Violation in the Photodisintegration of Deuterium
E.D. Earle, R. Deal and F. Rozon with A.B. McDonald,
E.T.H. Clifford and J.J. Hill (Nuclear Physics Branch),
and S. Kidner (Accelerator Physics Branch)

An extensive equipment testing run has been completed
at the E.T.A. These tests confirm earlier calculations of
the feasibility of the planned experiment and more clearly
define several problem areas which must be investigated.

Currents up to 1.5 mA were obtained from the polar-
ized electron ion source with 70% transmission to the beam
stop. Currents of 0.8 mA were maintained on target for
periods in excess of one hour.

Measurements to check for unwanted linear
polarization in the circularly polarized y-ray beam were
performed. The Nal linear polarization measurements
showed no linear polarization at the 5% level.
Measurements with a small D2O sample off-axis were also
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made and Monte Carlo calculations (S.A. Kushneriuk
PR-P-135: 4.2; AECL-7907) are in progress to determine the
sensitivity of these measurements to any y~ray linear
polarization.

Statistical analysis of the data taken with the
prototype BIC neutron detector (PR-P-134: 3.23; AECL-7778)
showed that the statistical accuracy of the information
was consistent with expectations for a 10B lined ion cham-
ber in the known neutron flux. This information
indicates that an accuracy of 5x10" in the parity viola-
tion measurement can be obtained in about 24" hours with
the full complement of 16 BIC detectors, an electron beam
of 1 mA and no significant systematic errors.

3.22 Counter Electronics for the Neutrino-Mass Experiment

M.A. Lone, R. Deal and L. Milani with R.L. Graham, J.S.
Geiger and R.E. Howard (Nuclear Physics Branch)

Electronics are being developed for a three-layer,
multi-wire, proportional counter array (PR-P-134: 3.19;
AECL-7683). Tests show that the performance of the inex-
pensive LeCroy TR A510 ultra-low-noise pulse preamplifier
is quite adequate for our purpose. The output risetime
(10% to 90%) is about 50 ns and the gain is about 500
mV/pC. Pulses from the TR A510 can be fed directly into a
single channel analyser without any additional amplifi-
cation.

Development of a single channel analyser circuit is
in progress. A relatively simple design is envisaged with
differential input and leading edge timing for
coincidence/anticoincidence purposes.

3.23 Multi-wire Proportional Counter for the Neutrino-Mass
Experiment

M.A. Lone and L. Milani with R.L. Graham, J.S. Geiger,
R.E. Howard and J.J. Hill (Nuclear Physics Branch)

A prototype multi-wire proportional counter
(PR-P-134: 3.20; AECL-7778) has been constructed for the
detection of g-rays from H decay. The counter has a sur-
face area of 10 cm x 10 cm, a depth of 0.5 cm and 2.5 urn
diameter anode wires spaced 1 mm apart. It is designed
for operation with alternate anode wires at different bias
potentials to investigate the operating conditions for
suppression of avalanche at low gas pressures and high gas
multiplication.
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The counter was tested with a 55Fe source which was
placed on a movable trolley in front of the counter
cathode plate with a 1 mm slot collimator.

The source and the windowless counter assembly were
placed inside an airtight container filled with isobutane
at a pressure of 13 kPa. At this pressure the breakdown
potential of the counter was 2500 V. Signals from the
counter were fed into the LeCroy TRA 510 preamplifier. At
operating voltages of 1800 V between the anode and cathode
and 500 V between the alternate anode wires the noise
level was equivalent to 0.12 keV electron energy loss in
the counter gas. Tests at other voltages showed a plateau
between 1700 V and 1900 V with a slope of « 10% per 100 V.
There was no evidence of avalanche spread between the
active anode wires (spaced 2 mm apart with an isolating
wire at - 500 V between them). These tests proved that
with this counter design and the LeCroy TRA 510 pre-
amplifiers we should achieve an excellent signal-to-noise
ratio for 18 keV g-rays. These will lose an energy of
» 6 keV in the active volume of the counter.

A new prototype counter is being fabricated. This
will operate with the anode wires at positive potential
and will be tested with a simple 180° bending magnetic
spectrometer (PR-P-134: 3.20; AECL-7778).

In the final design we envisage two parallel multi-
wire counter arrays for coincidences between the active
wires triggered by the incident g-particle with a third
veto counter array for suppression of background events.

3.24 Data Acquisition and Computer Control System for the
Neutrino-Mass Experiment

M.A. Lone with R.L. Graham, J.S. Geiger and L.V. Smith
(Nuclear Physics Branch)

A 112 channel multi-input counter module has been
purchased for the ND6660 computer based data acquisition
system. The module will be used for scaling of events
from the multi-wire counters.

A General Digital board has been purchased for
computer control of the peripheral devices. A general
purpose controller (PR-P-134: 2.20; AECL-7778) for the
peripheral devices is under construction. Plans for test-
ing these devices and development of software for control
of the ir/2 spectrometer magnet settings and the voltage
gradient across the multi-element source are in progress.
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3.2 5 BIC Detectors

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

The boron ion chamber (BIC) drawings have been up-
dated and many small modifications made to incorporate the
changes required in going from prototype to production
models. These drawings are now ready for estimating.

Vibration analysis instrumentation from Engineering
Research Branch was used to make further studies of micro-
phonics in the prototype detectors. Pneumatic vibration-
isolation supports have been ordered. They will be tested
to confirm their suitability for the final detector assem-
bly.

A new design of re-usable metal-to-metal gas-tight
seal has been developed for the gas-filling port of the
production detectors (valves were used for the proto-
types) . This seal works with a modified vacuum valve
operator similar to ones used for pumping cryostats.

3.26 BIC Signal Conditioning

G.A. Tapp with E.T.H. Clifford (Nuclear Physics Branch)

The final assembly of the voltage-to-frequency (V-F)
convertor boards has been completed (PR-P-134: 3.24;
AECL-7778). The lines from the V-F convertors to the
sealers have been terminated in a patch panel and buffered
to increase the signal level and reduce cross-talk.

3.27 Detector Servicing

R.J. Toone and M.A. Gulick

A commercially supplied Ge(Li) detector cryostat was
re-pumped for Reactor Physics Branch. Two neutron
detectors used at the McGill ultra-cold neutron
experiments were returned for repair. A leak in the thin
Ti window was found in one counter and repaired. The
cause of the problem with the second counter has not yet
been identified. Both will be refilled when the BF3 line
is available again. Wires were replaced in two counters
used for tests in the neutrino-mass experiment. A leak
was located in a laser system component for Physical
Chemistry Branch.
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3.28 3He Systems

W.M. Inglis

A metal-diaphragm testing system has been construc-
ted and used to determine the stretching and deflection
properties of thin stainless steel diaphragms over a range
of pressures. The results have been incorporated in the
design of the 3He pump (PR-P-134: 3,25; AECL-7778). Valves
and high-pressure fittings for the He system have been
chosen and ordered.

3.29 137Cs International Comparison

R.H. Martin and J.G.V. Taylor with L.V. Smith, A.R.
Rutledge and J.S. Merritt (Nuclear Physics Branch)

A final assessment of the uncertainties in the recent
measurements (PR-P-134: 2.22; AECL-7778) of a Cs solu-
tion distributed for international comparison has been
completed. The value reported to the Bureau International
des Poids et Mesures for the activity concentration of
this solution was 605.4±2.4 kBq.g"1 (16.36±0.06 uCi.g" )
at the reference time.

3.30 Data Acquisition System for Radionuclide Metrology

G.W.R. Edwards, G.A. Tapp, R.H. Martin and J.G.V. Taylor
with L.V. Smith (Nuclear Physics Branch) and C.E. Langlais
and E.H. Williams (Design and Technical Services Branch)

The PDP-11/23 computer with video display, disks,
peripheral interface and operating system has been deli-
vered (PR-P-134: 2.26; AECL-7778). It is estimated that
80% of the programming needed to operate the Ge(Li) spec-
trometry system, the 4TIB-Y coincidence data acquisition
system, the sample changer control, the ion chamber data
acquisition system and the sample changer control has been
completed. Delays in obtaining CAMAC modules as well as
interface software for the multichannel analyser will
prevent the system from being fully operational for at
least another quarter. A report has been written on the
software development to date. A system users1 manual is
in preparation.
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3.31 4ITY Counting

J.G.V. Taylor, H.C. Spenceley, and R.H. Martin with
L.V. Smith (Nuclear Physics Branch)

Preliminary studies (PR-P-134: 2.28; AECL-7778)
showed that a high efficiency 4-TfY—scintillation detection
system would be useful in the assay of radionuclides de-
caying via multiple low-energy gamma ray transitions,
because the probability of detecting at least one event
per decay can be made large. The system chosen consists
of a 15 cm diameter by 15 cm long Nal(Tz) crystal with a
5.8 cm diameter by 7.5 cm deep well. The source to be
measured is mounted on the front surface of a second
Nal(TJl) crystal, 5 cm in diameter by 7.5 cm long which is
inserted into the well to give nearly 4IT detection geo-
metry. The sensitivity of the system will depend on the
effectiveness of the shielding used to reduce the back-
ground rate.

First tests are planned with the detectors mounted in
a cylindrical castle with 10 cm thick Pb walls constructed
for use with TPA Mkll ion chambers. A crystal holder and
end-plug shielding for this castle have been designed and
built. The large crystal is enclosed in a Cd-Cu graded
shield to attenuate Pb x-rays from the castle.

3.32 Standards Issued

R.H. Martin

Gamma-ray point source standards sealed between poly-
ester tape were supplied as follows: - to Nuclear Physics
Branch, ^ 6Co(6), 8»Y(8), 1 1 0Ag mf5), 133Ba(l) and
2 z 8Th(5); to R. & I.S. Branch, 152Eu(l).

3.33 Glassblowing Services

J.G. Wesanko and D.A. Doering

Six 2-m gas chromatographic columns were coiled from
5 mm tubing for Chemical Engineering Branch. Eight preci-
sely tapered glass jets were built for Accelerator Physics
Branch for watercooling the RF load of an 805 MHz klyst-
ron. Six watercooled columns were made for Systems Mater-
ials to study the removal of nitrogen oxides from xenon
for the Radiochemical Company. A glass vacuum system was
constructed to collect fission gases from irradiated fuel
elements in the Fuel Materials Branch. A special glass
system for studying hydrogen isotope exchange between
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fluoroform and water was built for Physical Chemistry
Branch.

A sample injection system consisting of a heated
spray chamber and two condensers was made for General
Chemistry Branch to determine the concentrations of trace
metals in fresh water by inductively coupled argon plasma
atomic emission spectrometry.

3.34 Machine Shop Services

A.H. Hewitt and H.C. Spenceley

In the Bldg. 459 machine shop the new analyser table
for the N5 spectrometer was completed and is ready for
installation. The vacuum chamber for testing sources for
the neutrino-mass experiment was also completed. Other
work included a stainless steel furnace chamber for use in
squeezing monochromators at high temperature, a crystal
growing assembly for installation on a "Displex" refri-
gerator and a sample holder of 1 mm bore for use in neu-
tron scattering experiment with H20 specimens. For CDC
personnel an experimental "0" ring was made for installa-
tion on the tape drive of the computer in Bldg. 508.

In the Bldg. 116 machine shop a 3He diaphragm pump is
under construction (PR-P-134: 3.25; AECL-7778). A holder
and shield for a large Nal(Ti) crystal has been built.
Other work, included modifications to a vacuum valve opera-
tor for filling and sealing BIC detectors and construction
of jigs for the glassblowing shop.

3.35 Data Acquisition System for the Deuterium Parity Violation
Experiment

E.D. Earle et al.

See PR-P-135: 2.9; AECL-7907

3.36 Computer Simulation Studies for the Neutrino-Mass Experiment

M,A. Lone et al.

See PR-P-135: 2.13; AECL-7907

3.37 Neutron Spectrometer Data Analysis and Plot Program

N.G. Campeau et al.

See PR-P-135: 5.5; AECL-7907
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3.38 Publications and Lectures

Publications

PROPAGATING DOMAIN WALLS IN CsCoBr3
S.E. Nagler, W.J.L. Buyers, R.L. Armstrong and B. Briat
Phys. Rev. Lett. 4^ (1982) 590

REPORT ON MEETING BETWEEN EXXON AND AECL ON ZIRCONIUM
ISOTOPE SEPARATION
W.J.L. Buyers
PASS-8-13-TR

STAGE REQUIREMENTS AND SEPARATION STRATEGY FOR LASER
ISOTOPE SEPARATION ON ZIRCONIUM
W.J.L. Buyers
PASS-20-2-TN

THE UNCONVENTIONAL EXCITATIONS AND CRITICAL BEHAVIOUR IN
ACTINIDE COMPOUNDS
T.M. Holden, W.J.L. Buyers, E.C. Svensson, A.F. Murray,
J.A. Jackman, P. de V. DuPlessis, G.H. Lander and 0. Vogt
AIP Conference Proceedings # 89. Ed. J. Faber Jr.
(American Inst. of Phys., New York) p. 279

AECL PROGRAMS IN BASIC PHYSICS RESEARCH
G.A. Bartholomew, G. Dolling, M. Harvey and J.C.D. Milton
AECL-7073

INTERMOLECULAR MODES OF SOLID CARBON DISULPHIDE
B.M. Powell, G. Dolling, B.H. Torrie and G.S. Pawley
J. Phys. CT5 (1982) 4265

NEUTRON SCATTERING FROM ORIENTATIONALLY DISORDERED SOLIDS
B.M. Powell, V.F. Sears and G. Dolling
AIP Conference Proceedings # 89, Ed. J. Faber Jr.
(American Inst. of Phys., New York) p. 221

OBSERVATION OF THE 2H(a,Y)6Li CAPTURE REACTION AND ITS
ROLE IN PRODUCTION OF 6Li IN THE BIG BANG
R.G.H. Robertson, P. Dyer, R.A. Warner, R.C. Melin, T.J.
Bowles, A.B. McDonald, G.C. Ball, W.G. Davies and E.D.
Earle
Phys. Rev. Lett. Al_ (1981) 1867
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NEUTRON INELASTIC SCATTERING MEASUREMENTS ON THE METALLIC
GLASS Cu0.6

Zr0.4
T.M. Holden, J.S. Dugdale, G.C. Hallam and D. Pavuna
AIP Conference Proceedings # 89. Ed. J. Faber Jr.
(American Inst. of Phys., New York) p. 255

NEUTRON-SCATTERING DETERMINATION OF THE MOMENTUM
DISTRIBUTION AND THE CONDENSATE FRACTION IN LIQUID **He
V.F. Sears, E.C. Svensson, P. Martel and A.D.B. Woods
Phys. Rev. Lett. 49_ (1982) 279

ELECTRIC FIELD INDUCED COMMENSURATE PHASE IN DEUTERATED
THIOUREA
A.H. Moudden, E.C. Svensson and G. Shirane
Phys. Rev. Lett. 49 (1982) 557

Lectures

NEUTRON DIFFRACTION STUDIES OF DILUTED MAGNETIC
SEMICONDUCTORS
G. Dolling, T.M. Holden, V.P. Sears, J.K. Furdyna and G.
Giriat
3rd Joint Intermag - Magnetism and Magnetic Materials,
Montreal, P.Q., 1982 July 20-23.

UPPER LIMIT ON PARITY MIXING IN 21Ne
E.D. Earle, A.B. McDonald, E.G. Adelberger, K.A. Snover,
H.E. Swanson, R. von Lintig, H.B. Mak and G.A. Barnes
Int. Conf. on Nuclear Structure, Amsterdam, the
Netherlands, 1982 August 30 - September 3.

MAGNETIC EXCITATIONS IN THE DILUTE ONE-DIMENSIONAL
ISING-LIKE ANTIFERROMAGNET
S.E. Nagler, W.J.L. Buyers, R.L. Armstrong, D.J. Lockwood
and R. Ritchie
Yamada Conference VI on Neutron Scattering of Condensed
Matter, Hakone, Japan, 1982 September 1-4

OBSERVATION OF THE VILLAIN MODE IN CoCsBr3
S.E. Nagler, W.J.L. Buyers, R.L. Armstrong and B. Briat
Int. Conf. on Magnetism 1982, Kyoto, Japan, 1982
September 6-10

EXPLORATION OF MAGNETIC EXCITATION BEHAVIOUR OF ACTINIDE
COMPOUNDS WITH NEUTRON SCATTERING
W.J.L. Buyers, T.M. Holden, J.A. Jackman, A.F. Murray,
P. de V. DuPlessis and 0. Vogt
Int. Conf. on Magnetism 1982, Kyoto, Japan, 1982
September 6-10



- 55 -

LINEAR AND NON-LINEAR MAGNETIC EXCITATIONS IN PERFECT AND
DISORDERED CRYSTALS
W.J.L. Buyers
The Neutron and Its Applications, Cambridge, United
Kingdom, 1982 September 13-17

LIQUID HELIUM
E.C. Svensson
The Neutron and Its Applications, Cambridge, United
Kingdom, 1982 September 13-17

NUCLEAR PARITY VIOLATION
E.D. Earle
Uppsala University, Sweden, 1982 September 15

RECHERCHES FAlx^ A CHALK RIVER SUR LE MAGNETISME
G. Dolling
Laboratoire Leon Brillouin, Saclay, France, 1982
September 20

THE CONDENSATE FRACTION IN SUPERFLUID '•He
E.C. Svensson
Dept. of Physics, Univ. of St. Andrews,
St. Andrews, Scotland, 1982 September 20

RECHERCHES FAITES A CHALK RIVER SUR LE MAGNETISME
G. Dolling
Universite de Lille, Lille, France, 1982 September 22

THE CONDENSATE FRACTION IN SUPERFLUID '*He
E.C. Svensson
Physikalisch Technische Bundesanstalt,
Braunschweig, W. Germany, 1982 September 23

THE CONDENSATE FRACTION IN SUPERFLUID '*He
E.C. Svensson
Physics department, University of Delft, Delft, the
Netherlands, 1982 September 27

THE CONDENSATE FRACTION IN SUPERFLUID '*He
E.C. Svensson
Institute Laue-Langevin, Grenoble, France, 1982
September 30
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THEORETICAL PHYSICS BRANCH

G.E. Lee-Whiting

4.1 Staff

4.2 Modifications to a Monte Carlo Code for Calculating Neutron
Leakage Out of D20 Assemblies Subjected to Gamma Radiation

4.3. Response of Nal and BGO Detectors to Neutron Radiation

4.4 Multilayer Neutron Monochromators

4.5 Penetration of Heavy Ions in Solids

4.6 Nucleon-Nucleon Scattering in the Quark Model

4.7 Analysis of the Friedberg-Lee Soliton Model

4.8 Magnetic Dipole Strength in 16O

4.9 Structure of the Pion

4.10 Dimensional Regularization of Integrals in Yang-Mills Theories
in an Axial Gauge

4.11 Modification of SUPERFISH

4.12 Kinematic Shifts in the 0-Delayed-Particle Decay of 20Na, and
the B-v Angular Correlation

4.13 Reports, Publications, and Lectures
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4.1 Staff

Branch ead:

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

G.E. Lee-Whiting

Harvey
Khanna
Kushneriuk
Lee
Sears
Towner
Winterbon

Visitors

M.
y.
K.
j .

H.

Couture
K. Ho
Holinde
LeTourneux

D. Vogel

(1)
(2)
(3)
(4)
(5)

Secretarial Staff

M.E. Carey

(1) NRC Post-Doctoral Fellow from McGill University;
joined branch 1980 December 01.

(2) Visiting scientist from Zhengzhou University,
People's Republic of China; arrived 1982 March 09.

(3) Visiting from Bonn Univ., Germany, July 5-16, 1982.
(4) Summer Professor from Univ. of Montreal, July 8-30, 1982,
(5) Summer student, May 14 - Sept. 10, 1982; returned to

University of Toronto.
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4.2 Modifications to a Monte Carlo Code for Calculating Neutron
Leakage Out of D?0 Assemblies Subjected to Gamma Radiation

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

We had previously described, in PR-P-123:4.3 (AECL-6680)
and elsewhere, our adaptation of the MORSE Monte Carlo code to
the study of the energy spectrum and temporal resolution of neu-
tron leakage out of D20 assemblies, following a pulse of radia-
tion incident on the assembly. Neutron production in the assem-
bly is via the d(y,n)p reaction induced by gammas with energies
greater than 2.22 MeV. The code has been used as an aid in
designing an optimum D20 target assembly for a projected experi-
ment on parity violation in the photodisintegration of the deu-
teron using bremsstrahlung radiation (PR-P-124:2.2 (AECL-6788)).

In the earlier calculations it was assumed that the
source neutrons generated in the d(-y,n)p reaction were emitted
isotropically in the laboratory frame of reference. The code
has now been modified to allow for different assumptions regard-
ing the angular distribution of the neutrons; specifically, it
takes into account possible linear-polarization effects in the
experiment. Preliminary calculations indicate that these
effects are small, as anticipated; for the assemblies of inter-
est the calculated neutron leakages differ by about 3% from
those obtained for isotropic-source emission. To permit a full
assessment of the significance of these small differences the
code now also evaluates the (statistical) errors associated with
the calculated quantities.

4.3. Response of Nal and BGO Detectors to Neutron Radiation

S.A. Kushneriuk

Several aspects of the detection of reaction products
in reactions induced by a parallel beam of monoenergetic neu-
trons uniformly incident on one face of Nal or BiitGe3012 (BGO)
detectors have been investigated. In particular plausible
expressions for estimating the influence of such factors as
elastic-scattering collisions of the incident neutrons in the
detector medium, the escape of gamma-rays without any collision
in the detector, multiplicity in gamma-ray emission in interac-
tions, etc., on the detector response to the radiation were pos-
tulated and applied in sample calculations. The detectors were
taken to be right circular cylinders with the length (typically
50-80 mm) equal to the diameter. Some Monte Carlo calculations
had recently been made (in collaboration with P.Y. Wong) on col-
lision of a parallel neutron beam incident on lead-iron-oxygen
media very similar in densities and shape to the BGO detectors
considered; use was made of the results of these calculations to
see how well the postulated, approximate formulae work. A note
summarizing the investigations was written to O.F. Hausser
(Nuclear Physics) and M.A. Lone (Neutron & Solid State Physics).
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4.4 Multilayer Neutron Monochromators

V.F. Sears

The work described in PR-P-134:4.4 (AECL-7778) has now
been completed. We have found that the conventional practice of
stating the order contamination in terms of the peak-height
ratio in a 6-2 8 scan gives a misleadingly low indication of the
actual order contamination that is present when the multilayer
is used as a monochromator. In one example, the peak-height
ratio is only 2% while the actual order contamination at long
wavelengths is 44%. The contamination due to specular reflec-
tion has been found to be typically 1 to 3%.

4.5 Penetration of Heavy Ions in Solids

K.B. Winterbon

In the study of the combined energy-loss and angular
deflection distributions in multiple scattering (PR-P-133:4.5
(AECL-7683)) it was necessary to determine the impact-parameter
dependence of inelastic energy losses. This has now been done,
using the Lindhard dielectric function description of inelastic
energy loss, in the local density approximation. Calculations
have been made for protons in several target materials, at ener-
gies from 1 to 7 MeV, the results parameterized, and the parame-
ters fitted by powers of projectile energy and target atomic
number. This work has been written up for publication.

These results were used in the multiple-scattering cal-
culation to compare with some measurements by Ishiwari (private
communication to P. Sigmund, Odense Univ.) of the angular depen-
dence of energy loss for 7 MeV protons on various targets. He
found an energy loss which varied through 1 or 2 keV on going
from zero to "large" scattering angles, "large" being defined
with respect to the multiple scattering angular distribution.
In the present calculation both the mean and the most probable
energy loss vary through only a few hundred eV with angle,
though the two differ by 4 or 5 keV.

4.6 Nucleon-Nucleon Scattering in the Quark Model

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

An analysis has been made of the influence of hidden-
color states on the channel-coupling calculation of nucleon-
nucleon phase shifts. In principle the hidden-color states lead
to Van der Waals interactions which, for confining potentials,
would dominate pion exchange potentials at large distances. The
lack of observational evidence for such a Van der Waals
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interaction is a severe criticism of potential models. We have
determined that the hidden-color states leading to this problem
are of a different class from that of the hidden-color states
arising from the quark-symmetry structures needed to describe
two nucleons. Our present calculations of NN-phase shifts in a
potential model only involve the latter type of hidden-color
state and therefore the Van der Waals problem does not arise.
We speculate that the results of our calculation may therefore
still be a reasonable representation of the interaction between
nucleons at short range.

.,7 Analysis of the Friedberg-Lee Soliton Model

M. Harvey and H. Vogel

Work continued on constructing the computer program
which will solve the equations of motion for quarks in a o-soli-
ton field and for the a-field in the presence of quark currents
(cf. PR-P-134:4.7 (AECL-7778)). The programme is now essen-
tially complete but some tests still remain to be done before
the production runs begin. A collaboration has been set up with
M.K. Sundaresan (Carleton Univ.) who, independently, had also
been examining this model.

4.8 Magnetic Dipole Strength in 16O

I.S. Towner with D.J. Millener (Brookhaven National Lab.), and
B.A. Brown (Michigan State Univt)

Experimentally three Ml resonances are observed in the
doubly magic 16O nucleus between E x = 16 and 20 MeV, with a
relatively large total ground-state transition strength B(M1;
1 +gs) 2. °»24 UN • Theoretically no such Ml strength should
be seen in the approximation that the ground state of l6O is a
closed LS-shells configuration and that the transition operator
is the standard one-body operator evaluated in the long-wave-
length limit. Shell-model calculations are being mounted at
Brookhaven and Michigan to study the mixing of core-excited
states in the ground state of 0 and to evaluate their contri-
bution to the Ml strength. Meson-exchange currents, however,
lead to two-body operators which can connect the closed-shell
ground-state configuration with the 1+ states and hence might
lead to larger MEC contributions than are normally anticipated
in Ml transitions. The shell-model computer codes at Brookhaven
and Michigan are being modified to include two-body transition
operators; the MEC matrix elements of Towner and Khanna (as used
in the calculation of magnetic moments in neighbouring nuclei;
PR-P-134:4.8 (AECL-7718)) will be used.
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4.9 Structure of the Pion

H.C. Lee with Q. Ho-Kim (Laval .Univ.)

This study (PR-P-134:4.11 (AECL-7778)) of the pion in
the context of a modified MIT bag model is now complete. The
two main goals set for the study were: (i) to remove spurious
center-of-mass motions of the pionic quark-antiquark system in
the original MIT bag model so that the properties of the pion,
in particular its decay constant, could be properly calculated,
and (ii) to reconcile the bag model description of the pion with
a Nambu-Goldstone pion, or a pion consistent with the hypothesis
of partially conserved axial current. These goals have been
achieved. A report on this work has been written and submitted
for publication.

4.10 Dimensional Regularization of Integrals in Yang-Mills Theories
in an Axial Gauge

H.C. Lee and G.E. Lee-Whiting with M. Milgram (Applied
Mathematics Branch)

Regularization of a divergent integral is the process
of isolating the infinite part of the integral from the finite
part. In dimensional regularization the dimension of the
Euclidean or Minkowski space is treated as a complex variable,
2w, and the infinities of divergent integrals appear as simple
poles in the to-plane. The method of dimensional regularization
was instrumental in the proof of the renormalizability of
non-Abelian, Yang-Mills theories, of which quantum chromody-
namics and the unified electroweak theory are two of the most
relevant prototypes.

The gauge invariance of a Yang-Mills theory allows it
to be studied in any gauge; in the axial gauge the auxiliary
condition

n .A. = 0» n n * 0

is imposed, where A is the vector potential and n^ is an
arbitrary, constant vector. In general, calculations in a Yang-
Mills theory are considerably simplified in an axial gauge.

Integration techniques involving Meijer's G-functions
previously developed by Milgram have been applied to obtain the
dimensional regularized results for a very general class of
divergent integrals of the type

/ ( p , n ; < D , U , v , < , o ) = J
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where p u and n are vectors in the 2w-dimensional space, a=0
or 1 ana y, v and < are arbitrary complex numbers.

It is believed that these results by themselves will be
of general usefulness in the study of Yang-Mills theories. In
particular, our study of these integrals in their most general
form is motivated by the hope that it will open the way to the
application of dimensional regularization to the renormalization
and solution of non-linear field equations, out of which the
property of confinement in quantum chromodynamics, i.e. why
quarks in the nucleon are bound together, is believed to arise
(PR-P-134:4.12 (AECL-7778)).

4.11 Modification of SUPERFISH

M. Couture and G.E. Lee-Whiting

Since the last report (PR-P-134:4.14 (AECL-7778)) the
set of boundary-point equations developed for a metal surface of
general shape have been tested on a spherical cavity. The
results show that the error in the frequency is proportional to
the mesh size (first-order process). Most of the equations
involved are-believed to be correct to the second order. Work
aimed at isolating and removing the first-order approximation is
in progress.

A general method has been devised for obtaining the
transverse magnetic and transverse electric cylindrical fields
in terms of which the known solution (in spherical coordinates)
of the electromagnetic wave equation for a spherical cavity may
be expressed. This result is being used in testing the numeri-
cal procedure.

20Na, and4.12 Kinematic Shifts in the g-Delayed-Particle Decay of
the B-v Angular Correlation ~"

E.T.H. Clifford, J.C. Hardy, H. Schmeing, E. Hagberg, V.T.
Koslowsky, K.S. Sharma and R.E. Azuma (Univ. of Toronto) with
I.S. Towner (Theoretical Physics)

See PR-P-135:2.3 (AECL-7907).
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4.13 Reports, Publications, and Lectures

Reports

RADIATION FLUXES AND CURRENTS OVER A PLANE, CIRCULAR APERTURE
DUE TO DIRECT CONTRIBUTIONS FROM A PLANE, CIRCULAR SOURCE
S.A. Kushneriuk and M.A. Lone
AECL-7759, June, 1982

Publications

NEUTRON-SCATTERING DETERMINATION OF THE MOMENTUM DISTRIBUTION
AND THE CONDENSATE FRACTION IN LIQUID '•He
V.F. Sears, E.C. Svensson, P. Martel, and A.D.B. Woods
Phys. Rev. Lett. 49(1982)279

NEUTRON SCATTERING FROM ORIENTATIONALLY DISORDERED SOLIDS
B.M. Powell, V.F. Sears, and G. Dolling
AIP Conf. Prc. no. 89, Neutron Scattering - 1981, p.221.

MAGNETIC CORRELATIONS IN DISORDERED MncZn1_cTe ALLOYS
T.M. Holden,. G. Dolling, V.F. Sears, J.F. Furdynn, and W. Giriat
J. Appl. Phys. 5^(1982)1882

Lectures

ON THE FUNDAMENTAL STRUCTURE OF MATTER
M. Harvey
Summer Student Lecture, Chalk River, 1982 July 23

MULTI-QUARK STATES AND POTENTIAL MODELS
M. Harvey
Three lectures given at the CAP/NATO Summer School, Vancouver
Island, 1982 Aug. 23 - Sept. 03

WHAT COMES AFTER PIONS
F.C. Khanna
TRIUMF, 1982 July 29

ROLE OF PIONS AND ISOBARS IN NUCLEI
F.C. Khanna
CAP Summer School, Pearson College of the Pacif ic
1982 Aug. 23 - Sept. 03

UNITY IN DIVERSITY - A Summary Talk
F.C. Khanna
CAP Summer School, Pearson College of the Paci f ic ,
1982 Aug. 23 - Sept. 03*
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MAGNETIC MOMENTS: ROLE OF ISOBARS AND MESON-EXCHANGE CURRENTS
I.S. Towner
Rutgers University, 1982 August 11

LOCAL FIELD EFFECTS IN THE NEUTRON REFRACTIVE INDEX
V.F. Sears
Conference on "The Neutron and its Application", Cambridge,
England, 1982 Sept. 13-17

1) PHOTON AND GLUON RADIATIVE DECAYS OF CHARM AND BOTTOM
PSEUDOSCALAR MESONS

2) STRANGENESS-CHANGING NONLEPTONIC DECAYS
3) DECAYS OF CHARMED MESONS
H.C. Lee
21st Int. Conf. on High Energy Physics and companion Int.
Colloquium on Particle Physics, Paris, France, 1982 July 21-23
and July 26-31
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MATHEMATICS AND COMPUTATION BRANCH

D. McPherson

5.1 Staff

5.2 CDC 6600/CYBER 170/175 System

5.3 CDC CYBER 170/7 20 System

5.4 Nuclear Physics Computer Systems

5.5 Neutron Spectrometer Data Analysis and Plot Program

5.6 Simplified Equation for Thermal Transients in
SLOWPOKE-III Fuel

5.7 Probability of Unobserved Occurrences of Dryout
in a Partially Instrumental Fuel Bundle

5.8 The SOPHT Version for the Gentilly-2 Nuclear
Generating Station

5.9 Information Handling Programs
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J.F. Steljes
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(1) Joined Branch 1982 July 19, reclassified from temporary
status in Mechanical Services Branch.

(2) Transferred to Financial Information Services Branch
effective 1982 September 13.

(3) Summer student from Brock University, terminated
1982 September 10.

(4) Transferred to Technical Information Branch effective
1982 July 5.

(5) Joined Branch 1982 August 30 transferring from
Office Services.

(6) Summer student from Algonquin College, terminated
1982 August 27.

(7) Transferred to the Office of the Director of Research
1982 September 7.

(8) On maternity leave effective 1982 July 23.

(9) National summer student, reclassified and transferred
to Neutron and Solid State Physics Branch 1982
September 16.

(10) Married 1982 September 25; nee Boulanger.

(11) Regular part-time employee.

(12) Waterloo University Co-op student, terminated
1982 September 3.

(13) Waterloo University Co-op student, joined Branch
1982 August 24.

(14) National summer student, terminated 1982 September 10.
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5.2 CDC 6600/CYBER 170/17 5 System

5.2.1 Operating System

5.2.1.1 Permanent File Auditing Utilities

B.B. Ostrom and V.R. Ruddock

A new utility program has been written - MYAUDIT.
It provides individual users with a list of all files
cataloged with their user number, and provides account code
managers with a list of all files cataloged with their
charge number. Audits can be done by various combinations
of user number, charge number and owner-ID. For most
purposes, this utility will be used instead of AUDIT.

The utility AUDIT has also been modified to list
only files actually belonging to the user executing the,
audit, that is, the criterion for listing information about
a file has been modified to require a match on the unique
and validated user number not just on the user-selectable
and arbitrary permanent file owner-ID.

5.2.1.2 MAILBE

C.J. Tanner

A control statement MAILBE has been added to the
NOS/BE operating system. This control statement will transmit
a message to a specified user on the CRNL CYBER 170/720 using
the MAIL message exchange facility on that system.

5.2.1.3 File Evict/Job Drop Facility for NOS Users

D. McPherson

A control statement has been added to the NOS/BE
system that, when executed by a job prepared by an RDROP
command on either the CRNL or Engineering Company CYBER 170/
720, will endeavour to locate and evict from the input queue
or drop from execution a specified job. This somewhat clumsy
mechanism is an interim method of meeting a job control
requirement, and will be used only until the NOS/BE to CRNL
720 and CRNL to Sheridan Park 7 20 links can be enhanced to
support message and command exchanges as well as queue file
transfers.
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5.2.2 Programming Languages and Utilities

5.2.2.1 Program Conversion Aids

G.L. Klawitter

Three program conversion aids have been added to
the system: CONVERT for character set conversions, CDCFORT
for translation of non-CDC FORTRAN source code, and PLCREAT
for automatic generation of UPDATE program libraries. These
utilities are based on SNOBOL programs which have been
developed over a considerable period of time, mainly by
G.H. Keech; the new feature is their incorporation in CCL
procedures which make them more general, more flexible, and
easier to use.

5.2.3 Subroutine Libraries

5.2.3.1 AELIB Modifications

G.L. Klawitter, L.E. Evans and C.A. Wills

On 1982 July 22, new routines NL2INT, RADCURV and
CIPLOT were added to AELIB.

5.2.3.2 FORTRAN 5 Version of AELIB

L. Yamazaki

The mathematical section (Section 1) of AELIB has
been converted to FORTRAN 5 and a minimal testing procedure
is currently being applied to these routines.

Problems encountered with routines SPACE, SIMPLT
and AXLIN in the plotting section (Section 2-1) have been
resolved and all routines using PLOT have been successfully
converted to FORTRAN 5 and minimal testing done.

5.2.4 Graphics

5.2.4.1 GRVIEW

E.G. Long

GRVIEW, the graphics viewing system, has been
installed in the system, and the source program libraries
re-organized and consolidated.

5.2.4.2 MINIGRAPH

E.G. Long

A FORTRAN 77 version of MINIGRAPH, the basic,
highly portable, collection of routines for simple graphing
applications, was prepared.
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5.3 CDC CYBER 170/7 20 System

5.3.1 Operating System

5.3.1.1 Remote Drop Command

D. McPherson

A command has been provided to enable the inter-
active user of either the CRNL or Engineering Company
CYBER 170/720's to evict an input file or drop an executing
job on the 6600/175 system (see 5.2.1.3).

5.3.2 Communications System

5.3.2.1 Remote Batch Facility

B.B. Ostrom with W.J. Irving (Control Data Canada
Limited)

Two Remote Batch Facility (RBF) commands were
extended to allow terminal operators to indicate whether
the terminal is running attended or unattended (as they
previously could do on the CRNL CDC 3300 system). When
a terminal is "unattended" files are returned to the output
queue after transmission, instead of being evicted.

In addition to the above change, RBF was modified
to log in its dayfile each terminal command (along with the
terminal identification) entered.

5.32.2 Harris HASP

B.B. Ostrom with G. Price (AECL-EC)

The HASP emulator for the Harris Remote Job Entry
terminals used at Meadowvale was checked out in conjunction
with G. Price of the Engineering Company. It was determined
that, with appropriate terminal operating procedures and an
RBF software extension at CRNL, the Meadowvale HASP system
could really convert to the CRNL CYBER 170/720 system.

5.3.3 Programming Languages and Utilities

5.3.3.1 Basic CCL Procedures

E.G. Long, R. Roiha, M. Shaarani and G.N. Williams

A set of CCL procedures and interactive programs
has been prepared to make use of the CYBER 7 20 as a front-
end to the CDC 6600 and CYBER 170 Model 175 batch machines
easier for new and infrequent users of the system. The
routines have been released to Mathematics and Computation
Branch for field cesting, and will be released to the
general user community by mid-November.
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5.3.4 Graphics

5.3.4.1 TEKTRONIX 4113

E.G. Long and E.J. Suttor

A command interpreter was written and incorporated
in a set of subroutines which were prepared to demonstrate
the colour model used by the terminal.

5.3.5 Subroutine Libraries

5.3.5.1 NOS Version of AELIB

D. McPherson and G.L. Klawitter

A NOS version of AELIB was prepared for the CRNL
and Sheridan Park CYBER 170/7 20's. The routines CHNGEC,
MOVLUV and OCSOLVE were not included in the NOS version of
AELIB since they require ECS which is not available on the
7 20"s. DMPFET, CHNGSCM, MEMSCM and DATPAK were removed
from the NOS version of AELIB due to their limited usefulness,
AELIB routines OFLOW, RELESE and ROUTE are being modified
for future versions of NOS AELIB.

5.4 Nuclear Physics Computer Systems

5.4.1 PDP-10 Maintenance

R. Roiha

The PDP-10 had become so unreliable that a major
overhaul was undertaken. At the present time, the PDP-10
is up and running successfully; however, several more
modifications are to be done before the system will be
certified ready for operation.

5.4.2 Burr-Brown Multiplexor (TASCC)

R. Roiha

The software for the Faraday cups and four-way
slits has been completed, tested, and demonstrated. The
final step for the multiplexors is installation and this
will occur next year.

5.4.3 Progress in the Safety Interlock
System for TASCC

R. Roiha, G.C. Ball (Nuclear Physics Branch),
N. Burn (NRX Reactor Branch), J. Barsczewski and
C. Langlais (Design and Technical Services Branch)

See PR-P-135, 2.26, AECL-7907.
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5.5 Neutron Spectrometer Data Analysis and Plot Program

G.H. Keech, with N.G. Campeau (Neutron and Solid State
Physics Bre:nch)

Version 1 of a data analysis and plot program has
been completed. The program permits the combination of data
for different experimental runs with arbitrary scaling
factors.

Default scaling parameters generally provide an
excellent presentation of the data that is both scaled in
convenient numbers and is visually pleasing. However,
the user may exercise full control over these parameters,
and it is possible for this system to plot virtually any
graph that can be drawn by hand.

A multi-plot option allows up to nine separate
data curves in a single frame, each properly titled.
There is an automatic scaling feature to plot "off-limits"
peaks.

Although written explicitly for an RT-11 system
with a Zeta 1200 plotter and for neutron spectrometer input
data, many of the program features in the 2000 line FORTRAN
code are quite general and could find application with other
data reduction and plotting problems.

See also PR-P-135, 3.13, AECL-7907.

5.6 Simplified Equation for Thermal
Transients in SLOWPOKE-III Fuel

W.N. Selander

A simple first-order differential equation has
been obtained, which describes approximately the response
of the mean temperature in SLOWPOKE-III fuel to time-varying
sources. This equation will be used in simulations of
reactor transients for safety studies. The model used
accounts for the internal temperature gradient in the fuel,
which is usually significant in UO2, and for fuel-to-sheath
contact resistance, sheath resistance, and coolant film
resistance. The effect of film boiling can be included,
which renders the equation nonlinear. The model has been
compared with some exact solutions and shows good agreement.
The best agreement is obtained when the source term is slowly
varying with respect to the effective time constant of the
fuel.
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5.7 Probability of Unobserved Occurrences of Dryout
in a Partially Instrumental Fuel Bundle

W.N. Selander

In a fuel bundle test where the occurrence of dryout
is detected by a resistance temperature device (RTD), and
where the bundle is incompletely instrumented, or where
some of the RTD's have failed, there is a finite probability
that an undetected dryout may occur in a rod. Therefore,
the first observed indication of dryout may not represent
the first actual dryout. Based on the assumption that the
occurrence of instrument failure is random, that is,
uncorrelated with the heat flux or other thermalhydraulic
variables, the probability of any number of actual dryouts
occurring prior to the first observed dryout, as the heat
flux is increased, has been calculated. The probability
distribution obtained is a particular case of the hyper-
geometric distribution, and its mean and variance have been
calculated approximately. The resulting formulas are
useful in the interpretation of critical heat flux
measurements.

5.8 The SOPHT Version for the Gentilly-2
Nuclear Generating Station

P.Y. Wong

At a recent user meeting held at Sheridan Park, it
was requested that, in addition to the standard SOPHT
package (PR-P-134, 5.9; AECL-777 8), CRNL should also install
the SOPHT-G2 version now being used by AECL-EC staff
under a Hydro Quebec contract. The G2 version is available
at Multiple Access Limited and at Ontario Hydro.

There are two versions of SOPHT-G2: a smaller
2-quadrant (2Q) version and a larger 4-quadrant (40) version.
The source codes of both versions have been obtained and
conversion of both versions to the 175/6600 system has
been made. The 2Q version now appears operational but
verification of the code has not yet begun, as results from
the MA computer are still not available. The 4Q version
requires more central memory than is available on the 175/
6600 system; modifications are being made so that the code
can run on extended core storage instead.
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5.9 Information Handling Programs

5.9.1 Communications "Database"

J.P. Steljes

The number of telephone lines terminating in the
CRNL Computing Centre is now approximately 150, and this
number is increasing steadily. To facilitate maintaining
all of the necessary information about these connections,
QUERY UPDATE has been used to construct a file containing
addresses, room numbers, modem types and numbers, line
numbers and telephone numbers, and cost.

5.9.2 Skills Inventory

C.J. Tanner

The Engineering Company is establishing a Skills
Inventory to help management with manpower planning.
Employees of Engineering Company have been asked to provide
information about their formal education, certificates
received, memberships in learned societies, and experience
and skills acquired on the job.

A database using the Scientific Information
Retrieval (SIR) package has been set up to maintain this
data. The database contains the following record types:

Record
Type Contents

1 Fixed data such as employee's number,
name, address, branch

2 Mobility and site experience data

3 Education information

4 Certificates and membership information

5 Experience and skills information

Data for record type 1 is taken from the Central Personnel
Records System (CPRS) at regular intervals.

Currently, data is being entered into the system
and being verified.
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5.9.3 Piping Failures Database

C.J. Tanner

A database is being established for the Mechanical
Equipment Development Branch to contain information about
piping failures in the power stations. The Scientific
Information Retrieval (SIR) package is being used to manage
the database, since it provides an easy access to the data
and can be used to produce statistics with the aid of SPSS
and BMDP.

At present, data is being coded and entered into
the system. Output is expected to be a variety of statistics
and graphs produced both by SIR and SPSS, and by simple
FORTRAN programs.

5.10 Miscellaneous Programs and Subroutines

5.10.1 UKAEA DENZ Code Conversion

G.L. Klawitter and J.M. Blair

As recorded in PR-P-134, 5.15.3, AECL-7778, DENZ
benchmark output was sent to L. Truong for approval. After
further modifications, supplied by UKAEA, were incorporated
the converted program performed correctly.

5.10.2 TOSCA

G.H. Keech

The 3-D electrostatics and magnetostatics code,
TOSCA, has been received from COMPEDA. An overview study
of the system is in progress.

5.10.3 Geometry Factor Coefficients
for Sweep Gas Spectrometer

J.M. Blair and V.R. Ruddock

The parameters p, , p_, p 3 and p 4 in the formula

<i> = exp jp1+p2(lnE-p3) ~
1 + p4(lnE-p3)

zJ

were fitted to a set of data supplied by A.J. English,
Reactor Loops Branch, using the AELIB subroutine NL2INT.
Ninety-five per cent confidence intervals for. the parameters
were also provided.
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5.10.4 Modifications to a Monte Carlo Code for
Calculating Neutron Leakage Out of D-0
Assemblies Subjected to Gamma Radiation

P.Y. Wong, with S.A. Kushneriuk (Theoretical
Physics Branch)

See PR-P-135, 4.2; AECL-7907.

5.10.5 Magnetic Excitations in One-Dimension

M.D. Kent, with W.J.L. Buyers (Neutron and Solid
State Physics Branch)

See PR-P-135, 3.11; AECL-7907.

5.11 Stress Analysis Programs

5.11.1 STARDYNE - General

D.T. Cheung

The preprocessor program PRESTAR, which runs inter-
actively on the CRNL CYBER 170/720 system, was installed.
More testing is planned in the next quarter before releasing
PRESTAR and its supporting user manuals for general usage
on both the CRNL and the Engineering Company CYBER 170/720
systems.

The TIMER program, intended to help STARDYNE users
to anticipate CP time requirements for large jobs, requires
additional modification and testing prior to being released.

5.11.2 Miscellaneous Programs and Subroutines

5.11.2.1 CRHUNT and PAYMENT Programs

D.T. Cheung

CRHUNT and PAYMENT programs have been prepared to
assist in preparing the monthly accounting and usage fee
summary reports. It is being used regularly to monitor CP
usage of commercial programs such as STARDYNE. It can
easily be extended for use with other programs.

5.11.2.2 EXTRACT and STATREP CCL Procedures

D.T. Cheung

The EXTRACT and STATREP CCL procedures were
developed to extract and produce statistical data concerning
the turn-around time of jobs using any commercial program.
These procedures are currently being used for TPIPE, MARC
and STARDYNE programs.
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S.12 Operations

5.12.1 Computer Use by Division

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

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

Number

1108
355
966

29009
2625

24526
905
564

5595
4698

10779
Electronics, Instrumentation

& Control
Advanced Projects

& Reactor Physics
Fuels & Materials
Administration
Finance
Operations
Maintenance &

Construction
General Services
Plant Design
Special Projects
Environmental Authority
Commercial Operations
Others

1331

18962
12542

909
2161
3536

8
98

1203
5264
539
52

177

127912

of Jobs

(0.87%)
(0.28%)
(0.76%)
(22.68%)
(2.05%)

(19.17%)
(0.71%)
(0.44%)
(4.37%)
(3.67%)
(8.43%)

(1.04%)

(14.82%)
(9.81%)
(0.71%)
(1.69%)
(2.76%)

(0.01%)
(0.08%)
(0.94%)
(4.12%)
(0.42%)
(0.04%)
(0.13%)

Utilization
System Seconds

43146
3216
9961

781353
114049

385977
16195
11356
66967

180091
349560

66658

529665
273228
11051
45649
135052

42
3863

16339
254107

1886
535

1066

3301011

(1
(0
(0
(23
(3

(11
"(0
(0
(2
(5

(10

(2

(16
(8
(0
(1
(4

(0
(0
(0
(7
(0
(0
(0

.31%)

.10%)

.30%)

.67%)

.45%)

.69%)

.49%)

.34%)

.03%)

.46%)

.59%)

.02%)

.05%)

.28%)

.33%)

.38%)

.09%)

.00%)

.12%)

.49%)

.70%)

.06%)

.02%)

.03%)
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5.13 Publications and Lectures

Publications

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

Lectures

USE OF THE NOS COMPUTER
C.J. Tanner
1982 September 22-23
WNRE
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ACCELERATOR PHYSICS BRANCH

J.H. Ormrod

6.1 Staff

6.2 Nuclear Power Applications

6.2.1 High Current Proton Accelerator

6.2.2 Electron Test Accelerator

6.3 Research Applications

6.3.1 Fast Intense Neutron Source

6.3.2 Heavy-Ion Superconducting Cyclotron

6.4 Mechanical Laboratory

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

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

BRANCH LiüAD:

Professional Sta^f

c.
J.

K.C.
B.
M.
L.
C .
J.

C.R.
J.
R.

B.
C.
D.
G.
S.

w.
A.
D.
J.
A.
M.

J.-P.

G.
ü.
Lt .

M.

J.
£ .
R.
0.
.R.
J.

Bigham
Brown
Chan
Chidley
de Jong
Funk (1)
Heighway
liepburn (2)
Hoffmann
tlulbert
llutcheon
Labrie
McKeown
McMichael
Schneider (3)
öchriber
Shubaly
Ungrin

Mechanical Laboratory

J.
R,
R
R
D
J

> E •
.J.
. J.
.J.
.W.
.F.

Anderchek
Bakewell
Kelly
Klatt
Warben
Weaver

Attached Staff

L.D. Hansborough (4)

Waterloo Student

K .M. Parks (5)

J.H. Ormrod

Technical Staff

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

Bird
Birney
Burton
Campbell
Clements
Coulas (6)
Derewianko (7)
Dobbs
tiohban
Jones
Kidner
IlcGregor
Metivier (8)
Michel
Milks
Mcuris
Plato
Vokes
Weeden

Laboratory Services

K.T. McKee

Summer Students

C. L. Be ar ( 9 )
A.E. Hubbard (10)

S.R.D. Murphy (11)
D.A. Thomps on (12)

Summer Visitor

F. Konopasek(13)
ü. Euteneuer(14)

Secretarial Staff

M.A. Trecartin

(1) Returned from posting to G3I, Darmstadt, West Germany,
1982 August 03.

(2) Attached half time from the Office of the Director of
Research.
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(3) Posted to Lawrence Berkeley Laboratory, Berkeley, CA,
1982 April 01.

(4) Attached Staff from Los Alamos Hational Laboratory,
arrived 1982 January 11.

(5) Arrived 1982 September 07.
(6) Resigned 1932 August 13.
(7) Joined Branch 1982 July 12.
(8) Resigned 19S2 August OS.
(9) Resigned 1982 September 03.

(10) Resigned 1902 August 27.
(11) Resigned 1982 August 27.
(12) Resigned 1982 September 03.
(13) Cummer Visitor from University of Manitoba,

arrived 1932 July 08, resigned L982 August 06.
(14) Summer Visitor from University of Mainz, VJest Germany,

arrived L982 July 26, departed 1932 August 30.
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6. -2 jiuclear Power Applications

6.2.1 uigh Current Proton Accelerator

S.O. Schriber

Design and development continues of components for a
high current 100% duty factor proton linac that will be used to
study problems associated with the low energy portion of an
elsctronuclear breeder. Uesign studies of an improved Alvarez
structure (output energy 2.6 MeV) and an 11F2 structure that
will provide information for the design of a 10 (leV, 300 mA
proton accelerator are underway.

6.2.1.1 Ion Source and Injector Development

M.It. Shubaly and M.S. de Jong

6.2.1.1.1 Test Facilities

The high voltage ripple on the Injoctor Test Experi-
ment (ITii) power supply was caused by damage to capacitors in
the compensated high voltage divider (30 kV rating) used in the
regulator feedback loop. This rating appeared to be inadequate
even for the nominal 50 kV operation; additional capacitors
were installed to increase the rating to 100 kV and the compen-
sation was adjusted accordingly. Upon completion of this modi-
fication, the current and voltage calibrations were checked and
adjusted. Operation of ITU has been much better since these
repairs - beam quality has improved and spark-downs have not
damaged electronic equipment.

A thorough check of beam dump calorimeters on ITS is
underway. Calorimetry has aln been added to the .najor water-
cooled apertures and beam scrapers to study where beam is lost
in the transport system. The total power detected calorimetri-
cally on the dumps and apertures is now 90% of the power
extracted from the UVPS. Total power on the straight-through
dump (with the analyzing magnet off) is within 5% of the sum of
the power on the il2"1" and il3+, proton, and straight-through
dumps with the magnet on.

Proper operation of the HVPS permitted testing of an
emittance measuring unit (IJMU) that consists of a "pepper-pot"
plate beam stop with 0.2 mm pinholes and a downstream scintil-
lator. The plastic scintillator previously used was replaced
by a 1.3 mg/cm2 KI layer and a 10 yg/cm^ Au layer evapo-
rated directly onto a glass plate. The a ML' system was tested
with three proton beamlets in the horizontal plane extracted
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from a multi-aperture axial cusp ion source. Although the
image of all three beamlets on the EMU plate was distinct,
there was a large amount of aberration introduced by the
analyzing magnet. -Jew pole pieces installed on the magnet did
not significantly reduce this aberration. A new analyzing
magnet is being designed because the EMU will not be useful for
measuring emittance and emittance growth of intense beams with
the present aberrations.

6.2.1.1.2 iligh Current Ion Source

Development of the ring-cusp duoPIGatron continues,
efforts to mask, off the central electron beam were thwarted by
the high power density in the plasma generator - any mask
inserted into the plasma melted before measurements could be
made. The centres of the three holes of the extraction array
define an equilateral triangle. An offset ring was fabricated
to place the axis of the plasma generator on the centre of this
triangle rather than centered on a hole. Initial measurements
with this configuration indicate improved performance.

Lxperimental verification of the concept of beamlet
stacking to reduce effective emittance from multi-aperture
sources has been achieved. By deflecting the outer beamlet in
a "three-across" array through a small angle, a factor of two
reduction in the total emittance was achieved. The effect is
not caused by reduction in the extent of the source, since this
extent was reduced less than 8%. Calculation of the beamlet
deflection as a function of aperture displacement is still not
possible - an empirical study is planned.

Measurements on triangular arrays of apertures with
and without a central beamlet show no increase in emittance
when the central beamlet is not present, at least for short
transport distance. This is in contrast to measurements at
GSI, Darmstadt where lack of a central beamlet was found to
increase the emittance.

Emittance measurements were made on a mixed hydrogen-
argon beam typical of half current proton operation. The
emittance of the total beam was less than that of the full
current hydrogen beam.
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G.2.1.1.3 Injector Design and Development

Detailed design of the RFQ1 injector continues.
Final design of the extraction column-neutralizer-gimbal
assembly is well underway. Design of a suitable bending maynet
pole face using shaping to provide a relatively flat field has
allowed final design of the main vacuum box to proceed. Motor-
ized flap valves to control pumping speedi and dumps for the
straight-through, ii2+ and 113"1" beams have been designed.

6.2.1.1.4 Injector Control and Diagnostics

A new multi-channel fibre-optic telemetry link for
communication between the high voltage dome and ground has been
designed. The new unit uses serial transmission of eight-bit
data words with a UART to provide a higher frame rate. The
link is fail-safe and incorporates extensive error checking.
Two different master (ground based) units have been designed -
one for stand-alone systems, the other to interface directly
with the ISD control computer via direct memory access. The
slave unit, in the high voltage dome, is the same for both
systems. The prototype of a fast math processor board has been
constructed and is in use. Modifications have been made to the
operating system software to improve error recovery.

6.2.1.2 Code Development

6.2.1.2.1 General

(a) TRANSOPTR

M.S. de Jong and 2. A. Heighway

The beam transport code TUArJSOPTR has been improved
to include space charge effects in all three dimensions for
bunched beams. These effects were included by a new approach
which directly integrates a set of first order differential
equations for the evolution of the sigma (bean) matrix along
the central trajectory.

(b) UFO 3D

R.M. Hutcheon

A distributed circuit model of the RFQ na=s ueen
developed using a waveguide equivalent circuit representation.
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The distributed equivalent circuit (Fig. 6.2.1) has
been deduce'"'- from the equivalent circuits for the TE 1 0 and
'i^H rectangular waveguide modes (Fig. 6.2.2) with heavy
inductive loading. This is a new approach to the interpre-
tation of the RFQ structure and implies that the two dipoles
and the quadrupole are T}^gn, Tiigin and T 5 n n "like"
rectangular waveguide modes. The advantage lies in being able
to make estimates of the transmission line series inductance
which governs the longitudinal voltage distribution.

The ends of the RFQ structure (i.e., the end tuners,
vane: end cuts, end plates) are represented by lumped circuit
elements which terminate the distributed model (Fig. 6.2.1).
The lumped values of the end tuner reactances are deduced from
the end tuner capacitive gaps and from the vane end cutback
areas.

The model easily incorporates the effects of quadrant
area non-uniformity, vane gap variations, individual end tuner
effects, vane strapping, etc. Preliminary comparisons with the
Japanese cold model data confirm the model's ability to quali-
tatively predict both azimuthal and longitudinal field tilts.
The quantitative agreement has not yet been checked. Quali-
tative agreement was demonstrated in a preliminary calculation
of the azimuthal field stabilizing ability of vane straps.

The computer code still needs substantial develop-
ment: the input routine should allow direct input of RFQ
physical dimensions; the output routine should present the
distributed vane, vane strap and end tuner voltages and
currents; the quality factor (Q) of the unit should be incorpo-
rated.

6.2.1.3 High Current Test Facility

Tliis facility was built to study acceleration of 100%
duty cycle proton beans to energies up to 3 MeV with currents
in excess of several nA.

.1.2.1.3.1 Rf Systems

J.C. Brown

The fiberglass water sheath which was damaged during
• :• iisfer from the repair station to its operating position
(iit-P-134, 6.2.1.3.1; AECL-7778) was repaired and the assembly
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(b)

Fig. 6.2.1 (a) The equivalent circuit representation of the loaded
T 2 n "like" waveguide. The shunt impedance and
series inductances are functions of length and may
vary from quadrant to quadrant.

(b) The equivalent lumped circuit terminations, which are
applied to both ends of the distributed represen-
tation.
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TE11

= 1.4142 a

(a)

Inductively Loaded "TE. ,-Like"

(b)

Fig. 6.2.2 (a) The transverse electric (solid) and magnetic (dotted)
field lines in a square waveguide operated in
TEj^ mode.

(b) The conceptual modification of the waveguide which
inductively loads the guide and lowers the
frequency.
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was moved to its mezzanine location. Rf testing was delayed to
avoid interference with tank rf conditioning and beam analyzing
measurements.

6.2.1.3.2 Alvarez Tank

J. Ungrin

Problems have been encountered with the 15 cm
diameter rf coupling loop. Severe arcing occurred between the
tank port liner and the outer surface of the loop outer con-
ductor. Examination of the loop revealed a water-to-vacuum
leak at a braze joint. The loop was subsequently repaired and
reinstalled, but arcing problems again occurred av a power
level of "v- 120 kW. No direct source for this arcing problem
could be found but it was believer} that outgassing from a
cavity formed between the tank wall and coupling port liner may
have been producing a sufficiently high gas pressure in the
liner-to-outer conductor gap to trigger multipactor and arcing.
The cavity was carefully cleaned and an external cooling line
was added to reduce the liner temperature. A slow power
ramping procedure has been followed to raise the tank power in
a manner to ensure that a low pressure is maintained in the
loop region. The tank has now been successfully conditioned
again to 140 kW.

Modifications to the beam energy analyzing software
have been completed and measurements with the 3 MeV beam are
now in progress.

6.2.1.4 Zero Energy Breeder Accelerator (ZEBRA)

S.O. Schriber

ZEBRA is a 10 MeV, 3 00 mA cw proton linac, now in the
conceptual design stage. A number of pre-StlBRA experiments are
in progress.

6.2.1.4.1 Radio-Frequency Quadrupole

E.G. Chidley, R.M. ciutcheon, G.E. McMichael,
W.Ii. Michel, L.D. Hansborough (visitor from
Los Alamos National Laboratory), S.O. Schriber
and R.B. Turner (Engineering Research Branch)

(a) Rf Quadrupole Studies

Work has continued with the object of understanding
the action of end tuners, end plates, and end ccnfiyurations.
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RFQ Model III, an accurately machined and versatile
RFQ low power rf test cavity, was fabricated and assembled (see
PR-P-134, 6.2.1.4.1; AECL-7778). This cavity uses a "picture
frame" vane alignment system in which the RFO vanes are
positioned and supported by two frames external to the
resonator cavity. Mechanical stability tests of the assembly
were v;ry successful. The vanes can be accurately positioned
to within 0.03 mm. This positional accuracy was maintained
while other portions of the resonator cavity were moved, and
while the entire assembly was moved from one location to
another.

RFQ end tuners of the conventional type have been
fabricated for use in RFQ Model [II as a benchmark against
which other types of RFQ end tuners and terminations will be
tested. An external tuning manifold has been designed and is
being fabricated.

The "double-dipole" RFQ configuration has been tested
on two laboratory models with different bore radii. The
average azimuthal field tilt caused by a change in a single
quadrant area was measured and found similar to the staggered
vane case but a factor of 3 less than SUPCRFlSd predictions.
The end tuners had the expected effect on field tilt, and the
four end tuners produced a 0.3% frequency change over a
practical physical range (for the 47 cm long, 2 mm diameter
RFQ) .

(b) Rf Quadrupole Mechanical Design

A mechanical stability test was conducted on a
Bourdon tube removed from a Ilelicoid 0-30 psi test gauge. The
Bourdon tube arc was about 225". Measurements with a microme-
ter using an electrical continuity checker to determine the
contact position showed that the movement of the Bourdon tube
was essentially linear over the range from 6 to 13 psi. Static
tests conducted at 15 psi showed that this Bourdon tube was
mechanically stable to within 0.003 mm, more than adequate for
an RFQ end tuner application.

An rf model of the Bourdon-tube style RFQ end tuners
has been fabricated for testing in the RFQ Model III test
cavity. Testing has not yet begun.

The low-power rf test cavity RFQ Model III uses a
"picture frame" assembly technique with finger stock rf joints
between the vanas and quadrant walls. Finger stock is
unsuitable for high power applications. To test a "picture
frame" assembly suitable for high power applications, a 7.5 cm
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long, 23 cm diameter mechanical test cavity is being fabri-
cated. The test cavity consists of stainless steel blocks
(simulating the stint vane strongbacks and quadrant wall
cooling plates) furnace brazed to a 0.5 cm thick OFHC copper
shell. Between the vanes and quadrant cooling plates, the
copper has been grooved to provide a "flex point" which acts as
a flexible rf joint suitable for high-power rf. Positioning
mechanisms allow the vanes to be moved in a manner similar to
that required for tuning an actual RFQ. The test cavity pro-
vides a test of RFQ fabrication techniques and a test of the
ability of the cavity "flex points" to endure the deformations
required to tune a RFQ linac.

High power RFQs's need significant water cooling in
the vanes. For stability the flat sides of the vanes must be
stayed and or manufactured from a high strength stainless
steel. If steel is used, the structure must be copper plated
for good electrical conductivity. Because the interior of an
RFQ is a complicated shape and because the pole tips require
masking to protect the accurately contoured geometry, electro-
plating is very difficult and would require shaped electrodes.

Electroless copper plating may be a suitable method
for avoiding, shaped electrodes. With this technique it is much
easier to obtain uniform plating thicknesses. In addition air
bubbling, which presents problems in deep baths, is not
required. At present we have located firms to do development
work on an electroless copper plating process. Contracts will
be let shortly.

The sparker box construction is currently undergoing
tuning measurements. Because the rf loop hole has a major
effect on fielfls of one quadrant it has been necessary to
redesign the loop flange hub, it now projects into the quadrant
to corapensaLC Tor the hole.

Computer programs are available to generate paper
tapes to control a milling machine to cut RFQ vane tips. Oper-
ation of the machine at an outside machine shop has been
witnessed and operation was considered acceptable although it
was not possible to cut a sample vane tip because the program
used to prepare the tape assumed a longer tool bit than was
available. Further tests have been delayed awaiting the design
review for RFQ1.
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(c) RFQ1 - 75 mA cw, 600 keV /accelerator

Chalk River's first full power RFsj accelerator will
be used to test space charge limits and verify design tech-
niques for cw high current RFQ's. It will also be used as an
injector for the 2BLAT Alvarez linac to study 2-tank operation
and the problems associated with matching a beam between an RFQ
and drift-tube linac.

Vacuum calculations have been completed for the RFQ
resonator cavity operating with a vacuum of 10~4 Pa. The
calculated gas loads are:

Resonator Cavity Surface Outgas
Tuning Manifold Surface Outgas
Beam Loss (worst case)
Gas Flow from LEBT (vacuum @ 10
Gas Flow from MEBT (vacuum <? 5

The total RFQ tank gas load to be pumped by the vacuum system
is approximately 1.4 Pa-L/s. Design of the RFQ vacuum system
to select the optimum types of vacuum manifolds and vacuum
pumps is in progress.

Beam loss, under the worst case conditions, can
account for over 60% of the total gas load. The data for four
different input beam conditions are plotted in Fig. 6.2.3
listing input beam current and input beam normalized emittance.
In each case, beam loss primarily occurs in a region near the
middle of the resonator cavity. A total of eight grills (two
grills per quadrant) will be required.

The peak surface electric field on a vane tip can be
written as E m a x = k V/ro where V is the vane voltage,
ro is mean bore radius and k is an enhancement factor that
depends on the shape of the vans tip. For an unmodulated vane
with a cylindrical tip k = 1.355 but for a modulated vane
(particularly if (3A is not large compared to ro) k can
increase to about 1.7 for some designs. Because RFU designs
are limited by the peak surface field, it is advantageous to
find a pole tip shape that will reduce the enhancement factor k
provided it does not introduce higher multipole field com-
ponents which adversely affect beam dynamics.

The 3-dimensional electrostatics code CHARG3D from
Los Alamos National Laboratory has been used to study our two
RFQ designs and determine the peak surface electric field
gradients as a function of vane tip radius.
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The enhancement factors of the RFQ1 RFQ and of the
ZUBRA RFQ (300 mA, 108 MHz, 0.075 to 2 MeV) for the case where
the vane tip radius is chosen to minimize the multipole com-
ponents of the electric field relative to the quadrupole com-
ponent, are given in Tables 6.2.1 and 6.2.2. If the modulated
vanes are designed with a constant vane tip radius, it is
possible to reduce the enhancement factor at the expense of an
increase in the higher multipole components of the field. The
minimum for our two designs occurs for a ratio of vane tip
radius to ro % 0.75. For this condition, the maximum
enhancement factors in RFQ1 and ZiSBRA are reduced to 1.33 and
1.41. respectively. The beam dynamics code PARMTsSQ is being
modified to include the higher multipole components of field to
verify that vane shape modifications do not adversely affect
the transmission.

The computer code POTRFQ allows the use of a more
general vane tip shape than does CHARG3D. If the vane tips are
to be machined on a numerically controlled milling machine a
non-cylindrical shape is not a disadvantage. Preliminary runs
on RFQ1 give a value of k = 1.27.

(d) RFQ Design for CANUTROd

A preliminary RFQ design has been obtained for the
CAUUTRON neutron generator (AECL-7413). The parameters are as
f ol lov/s:

Frequency
Input Unergy
Output Energy
Design Current
Maximum Current
Vane Voltage
Length
Uumber of Cells
Synchronous Phase
Mean Bore Radius '
Excitation Power
Peak Field

500 MHz
50 keV

2.5 MeV
10 mA
40 mA
50 kV

3.6 m
361
-35°
0.21 cm
225 kW
1.5 x Kilpatrick Limit

6.2.1.4.2 Two Beta Lambda Alvarez Tank (2BLAT)

J. Ungrin

The design of a test drift tube assembly for the
2IJLAT structure has been completed and construction has begun.
This unit which will allow tests of assembly and alignment
techniques for a girder drift tube system will be mounted on a
large flange and will be high power tested in the resonant load
on one of the two tuner ports.
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Table 6.2.1

Voltage Enhancement Factors for RFQ1 RFQ

Cell No.

60

80

100

110

120

140

160

Energy (MeV)

0.051

0.053

0.056

0.058

0.060

0.067

0.076

k

1.450

1.469

1.476

1.481

1.481

1.476

1.464

%ax/Kilpatrick Limit

1.34

1.36

1.36

1.37

1. 37

1.36

1.35

Table 6.2.2

Voltage Enhancement Factors for ZEBRA RFQ

Cell No.

20

40

50

60

80

Energy (MeV)

0.075

0.081

0.089

0.101

0.165

Limit

1.49

1. 66

1.69

1.67

1.54

1.92

2.14

2.18

2.16

1.99
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Field stabilization measurements with post-couplers
continue on the 22 cell aluminum Alvarez model tank. Based on
data taken with 93, 76 and 58 mm diameter drift tubes
(PR-P-134, 6.2.1.4.2, AECL-777B), it was predicted that field
stabilization with 125 mm diameter drift tubes would be
possible only with large area post-coupler tabs. This
prediction has been experimentally confirmed.

Mode spectra curves for both 10 and 21 post couplers
were successfully obtained for 125 mm diameter drift tubes
where field stabilization has been experimentally obtained and
for 57 mm diameter drift tubes where stabilization has not been
possible. The mode spectra with 10 post couplers for 125 mm
and 57 mm diameter drift tubes are shown in F;.g. 6.2.4. One
noticeable difference in the two curves is the increased
flatness of the post coupler dispersion curve with decreased
drift tube size. The three highest frequency post coupler
modes are within 10 Mriz of the TMQ^Q mode in the 57 mm
case while for the 125 mm drift tubes the corresponding
frequency difference is 38 MJz. The increased flatness of the
mode spectrum, together with a low cavity J (̂  2300)* leads to a
situation in the 57 mm case where interference between the
upper post coux^ler mode and the TMQ^Q occurs at the
correct gap spacing, and field stabilization is no longer
possible.

A number of changes in post coupler geometry have
been triad in an attempt to alter the slope of the post coupler
node spectrum. Ho significant change has been achieved.

The frequencies of the THQ^n modes and the shape
of the dispersion curve depend on the cavity length. To
investigate field stabilization dependence on this, the tank
length was reduced from 1.02 m to 0.485 m by removing the last
10 drift tubes and moving the high energy end plate to the
appropriate location. With this geometry (that reduces the
number of cells from 22 to 12 and increases the phase shift per
cell in the dispersion curve) field stabilization with the 57
mm drift tubes was achieved. A tilt stability of ^ 1%/MHz was
obtained with both post couplers on each cell and on every
second cell. Tank length as well as drift tube diameter must
therefore be considered for successful field stabilization with
post couplers.
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6.2.1.4.3 Resonant Load

J.C. Brown, R.B. Turner (Engineering Research
Branch) and J. Ungrin

Assembly of the 400 kW resonant load designed to test
accelerator components and coupling loops is almost complete.
The drift tube and post coupler assembly have been installed
and successful transition vacuum seals between aluminum and
stainless steel have been made with ttott seals. The large (83
cm diameter) ilelicoflex gasket on the tank top was installed
and sealed successfully on the first try. After ^ 36 hours of
pumping a pressure of ^ 6 x 10~5 p a ilas been reached in
the load.

Low power rf measurements to match the coupling loop
revealed an initial low tank j that was traced to a poor top
flange rf connection without the aluminum tlelicof lex seal' in
place. With the seal, ninety percent of expected Q for criti-
cal coupling has been achieved with the loop in its innermost
position.

Design work for a new loop assembly to accommodate a
high power ceramic window continues. The change to a 35 ohm
drive line imp-dance, a larger window outside diameter and a
shortening of the loop to window face length to 5/12 X imposes
new design constraints. A number of concepts have been
investigated which will permit the installation of both rubber
O-ring seals and all metal flanged seals using diaphragms
brazed to the ceramic. The final design awaits quotations from
ceramic manufacturers.

Prefabrication of structural steel for the shielding
wall was completed but installation of the wall has been post-
poned until the heat exchanger for the final rf amplifier fila-
ment system has been shortened. This will be done as soon as
the beam analyzing measurements are complete.

6.2.1.4.4 General

S.O. Schriber and R.B. Turner (Engineering Research
Branch)

Quotations on large heat exchangers for cooling the
accelerator and power supplies have been obtained. Plate type
exchangers appear to be attractive on a cost and size basis.
Rough layouts are being made for the pumps, heat exchangers and
piping to determine that the space allowed is adequate.

The building layout for the proposed Quebec labora-
tory has been modified to include basements.
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6.2.2 Electron Test Accelerator

J. McKeown

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

5.2.2.1 Accelerator Operation

K.C.D. Chan, J.-P. <abrie and J. McKeown

The accelerator has operated reliably during this
quarter. The parity violation experiment has been carried out
during much of this period and after completion of that work
program, the polarized gun was replaced by the triode gun for
accelerator physics and radiation physics operation. The
electron beam has been used for the irradiation of wire insu-
lator samples.

6.2.2.2 Injector Development

K..C.D. Chan

Two cathodes for the pulsed gun and the electronic
pulsers have been received. The anode and focusing electrode
have been electropolished and the parts are now being assembled
for high potential testing.

The gun test stand is now being installed in Building
145. The high voltage supply and isolation transformer ware
installed and a voltage of 110 kV attained. The interlock
system for the high voltage and filament supply were com-
missioned and the vacuum manifold has been pumped to 8 x
10" 7 Pa.

The beam trajectory in the test stand was calculated
with the measured magnetic field of the SLAC gap lens using the
computer code GUI.J5. For a lens current of 1.75 A and with the
gap lens located 180 mm from the gun exit, an 8 A beam can be
transported for 640 mm before any additional lenses are
required.
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6.2.2.3 Irradiation Facility

J.-P. Labrie and J. McKeown

fa.2.2.3.1 Radiation Applications

A first exploratory irradiation of wire insulators
was completed. ThG 4 MeV electron beam was brought into air
through a water cooled aluminum window and swept on the insu-
lator samples which were irradiated with a calculated dose of 1
Mr ad.

6.2.2.3.2 Dosimetry

In collaboration with Steve Booth and Barry Jackson
from the Radiochemical Company, a calibration of the irradi-
ation facility was undertaken with acrylic dosimeters which
have an accuracy of 20% in the dose range between 0.5 and 4
Mrad. The measured doses agreed within 20% with our calcu-
lations. Measurements of the dose spatial distribution of the
irradiation and of the dose rate and depth dependence of the
response from the dosimeters are underway.

6.2.2.4 Cavity Temperature Studies

J.-P. Labrie and J. McKeown

Temperature transients in Model 5 during start-up
were calculated with the computer code MARC and used to compare
the effectiveness of circumferential and web cooling. Results
are shown in Fig. 6.2.5 where temperature transients were used
to calculate frequency shifts. Web cooling reduces the time
constant of the transient frequency displacement from 7.69 to
5.45 seconds and the Fourier transform is similar in both
cases. The calculations indicate that the equilibrium tempera-
ture rather than the rate of temperature change could be used
for frequency control but the control system would not respond
to the fast frequency transients which occur during start-up.

From frequency sensitivity measurements done by
Cuteneuer on a 2.45 GHz on-axis coupled structure, frequency
shifts due to thermal expansion can be estimated. These are
-44.5 kuz/°C for the outer cylindrical part of an accelerating
cell and -4.85 kiiz/°C for the nose cone region. For a coupling
cell, frequency shifts are -29.1 kiIz/°C for the outer cylindri-
cal part and -6.47 kflz/°C in the lower gap region. The outer
circumferential regions of a structure are at least five times
more sensitive to thermal frequency shifts than the nose cone
regions at moderate power levels, thus frequency control of the
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Fig. 6.2.5 Model 5 transients calculated with the computer
codes MARC and SUPERFISH.
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structure with web cooling will have a slow responses and will
depend on the design of the cooling channels to maximize heat
transfer.

Thermal detuning from the increase in the passband
gap at high power as the frequencies of the accelerating and
coupling cells change under thermal expansion was also studied.
Calculations with the computer code FIICLD indicate that the
field tilt would be less than 1% at a power level of 100 kW/m
(energy gradient of 2.55 MeV/m) if both circumferential and web
cooling are used.

Minimizing the loss in shunt impedance as the cavity
temperature increases (-0.17%/°c for copper) is a significant
advantage for a combination of web and circumferential cooling
because the energy gain would decrease by 1% for an average
temperature increase of 12°C.

6.2.2.5 Beam Cavity Interaction

6.2.2.5.1 Theoretical Studies

K.C.D. Chan

The computer program MODC has been used to calculate
mode excitations in the on-axis and coaxial structures to be
used in the beam cavity interaction experiment. A bunch width
(arms) of 0.012 m was used. In each case the modes con-
sidered were the TT/2 coupled mode and the TM ^ I Q cavity
mode which is representative of blow-up modes. Because the
field pattern of the T M ^ Q mode in a shaped cavity is not
known, the field pattern of a cylindrical cavity of equivalent
length (0.0107 m) was used for the accelerating cavity.

The energy loss parameter by a single bunch to the
TI/2 mode in the on-axis and coaxial coupled structures are
respectively 10.84 and 10.33 V'pC"1-ra"1. This is
equivalent to an induced on-axis field of 30 V-pC~l-m~l
when averaging and transit time factors are included. This
field is enhanced by a factor of 1100 for the cw case at a
frequency of 304.78 MHz. The energy loss parameters can be
compared to the total energy loss parameter of 14.01
V-pC-Lm"1 calculated using BCI for all axially
symmetric modes.

For a beam off-axis by 1 mm, the energy loss
parameter of a single bunch in each coupling and accelerating
cavity was found to be 0.00025 V/pC and 0.00085 V/pC respectively.
The ratio is rouqhly equal to the ratio of the cavity lengths
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modified by the transit time factor. There will be no
enhancement of excitation o£ these nodes in the cw condition
unless their mode frequencies are within 11 NHlz of the fifth
harmonics of 804.7B MHz.

6.2.2.5.2 Structure Development

li. Euteneuer (U. of Mainz, Germany) , J.-P. Labrie,
J. McKeown and K. Parks

The construction of two linac structures, one with
on-axis couplers and the other with coaxial couplers, for the
beam-cavity interaction experiment is underway. Each structure
is composed of 5 cells with the IT/2 mode tuned to the third
harmonic (2.414 GHz) of our beam raicrostructure frequency.

The effect of surface finish and coupling slots on
the Q value of the cavities has been measured. Steel tool
machining of the cavities yielded Q values 16% less than pre-
dicted with the computer code SUPERFISii. With the smooth
surface obtained with a diamond tool, which has the advantage
of maintaining its sharpness during the machining, Q values as
large as predicted were measured. Figure 6.2.6 shows that for
a given angular span of the coupling slots, the reduction in Q
is less pronounced for the coaxial coupled cavities than it is
for on-axis coupled cavities. In this figure, dotted lines are
used to guide the eye only.

The on-axis coupled structure is tuned. Figure 6.2.7
shows the fit obtained with the computer code DI5PCR. The
first neighbour coupling constant is 0.033. Tuning of the
coaxial coupled structure has begun.

The frequency dependence of the modes in a coaxial
cavity on the angular span of the coupling slots was measured
with a resonator designed to be used as a coupling cell in a
2.45 Giiz coaxial coupled structure. In the frequency range
between 2 and 4 GHz, three modes were identified. These are
the TMQIO# TMno a n d TM2I6 modes. Figure 6.2.3 shows that
the frequency splitting between these modes increases as the
angular span of the coupling slots is increased. Further
studies to investigate possible passband overlap in a coaxial
coupled structure are underway with a three cell system.



- 103 -

LU
ID

$
a
a
LU

ID
O

LxJ
O

<

o

0

2

S

8

10

12

H

16

18

20

. t
No coupling
. slots

•

-

i •

O - O N AXIS

• -COAXIAL

w
° \ o \\

\ \\\

i 1 t t I

• 1 1 1

COUPLED CAVITIES •

COUPLED CAVITIES .

•

1

0 10 20 30 40 50 60 70 80 90 100

ANGULAR SPAN OF THE COUPLING SLOTS (DEG.)

Fig. 6.2.6 Q value dependence on the coupling slots arc
length. Dotted lines are used to guide the eye.



- 104 -

X 2 ' 4 3
o

o
Z
LJ 2-41

a

2*39

A Measured mode frequency,

Wi = 2-4U34GHZ.

W z = 2-41361 GHz.

R = «033

TT

MODE

Pig. 6.2.7 Fitted dispersion curve for the on-axis coupled
structure.



- 105 -

N

X
o

o
z
LU

o
LL)
a:
LL

0 20 40 60 80 100 120 U0 160 180

ANGULAR SPAN OF THE COUPLING SLOTS (DEG.)

Fig. 6.2.8 Frequency of the first three modes in a coaxial
cavity designed for a 2.45 GHz coaxial coupled
structure.



- 106 -

6.2. 2.6 £TACOU

K.C.D. Chan

An investigation to expand the present 64 KB Model 70
with a Perkin-Elmer 8/16K computer was completed. Three
expanded configurations were estimated and all rejected because
of cost (approximately $70,000). To ease the load on the com-
puter, a stand alone Burr-Brown CS450 Control and Measurement
System has been purchased instead. This system will consist of
64 K RAM, two floppy disks and a CRT. It will operate in BASIC
language. Sixteen analog input channels, eight digital input
channels and sixty-four digital output channels have been
included with further expansion possible.

A revised and expanded version of the Operator's
Manual was completed.

A task, PROFIL, is now being written for the experi-
ment mapping the beam profile at the irradiation facility. It
will drive the xy scanner, record the beam current, and simul-
taneously display the data in 3-dimensional plots.

6.2.2.7 Parity Violation in the Photodisintegration of
Deuterium

E.D. Earle, R. Deal and F. Rozon (Neutron and Solid
State Physics Branch) with A.B. McDonald,
E.T.li. Clifford and J.J. Hill (Nuclear Physics
Branch) and S.H. Kidner

See PR-P-135, 3.21; AECL-7907.

5.3 Research Application

6.3.1 Fast Intense Neutron Source

J.D. Hepburn

The 14 MeV neutron source, operated by the Health
Physics Branch, continues to routinely produce up to 10^2 n/s.
One large intermittent vacuum leak was found and repaired.
Remaining components necessary for installation of the new
target-drum system were prepared.
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Work on a collaborative redesign of a high voltage
column for the Rotating Target Neutron Source accelerators at
Lawrence Livermore Laboratory (LLL) is progressing well.
Highest surface fields in the present design are 0.6 times the
Kilpatrick sparking limit. Final drawings and plans for fabri-
cation are being prepared.

6.3.2 Heavy-Ion Superconducting Cyclotron

J.il. Drrarod and J.A. Hulbert

The magnet of the cyclotron was maintained at oper-
ating temperature over the 18 uionth period from February 1981
until the end of August 1902. During this time, basic tests
and experiments were carried out showing that the cyclotron
magnet system fulfills all requirements of the machine specifi-
cation. In the current quarter, it was demonstrated that the
rf accelerating system will be able to operate in the magnetic
field over the required frequency and power ranges and that the
midplane cryopumped vacuum system will achieve the necessary
conditions for the transparency of the accelerating region to
high energy heavy ions.

The cyclotron is now being dismantled for removal to
the Nuclear Physics laboratory. Design and development of the
beam extraction system, diagnostic probes and control instru-
mentation continues.

6.3.2.1 Cryogenic System

J.A. Hulbert

With experiments on the cyclotron completed in the
development laboratory the 1400 liquefier is being kept in
operation to provide cooling for extraction channel develop-
ment. Design of the piping system for Building 137 is com-
plete. The design of the transfer lines between the new 2800HR
liquefier and the maynet cryostat had been completed but in the
course of designing a shielded line for the cryopump, some cost
saving improvements have been derived and the liquefier/cryo-
stat line design will now be revised to incorporate these
improvements before construction starts.
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6.3.2.2 Cyclotron Magnet

6.3.2.2.1 Superconducting Coil

J.A. Ormrod

A short between the main magnet coil and ground
occurred in late July. Measurements using a 2 k..lz signal
showed that the short was at the inside of the lowermost
pancake of the upper coil - the same location as the short that
occurred in 1979. Direct current was passed through resistors
in series with both halves o£ the inner coil (arranged to mini-
mize stored energy) with the sum current passing through the
short. At a total current of 6 A, the voltage across the short
was approximately 1 V and this was sufficient to burn it out.
The coil subsequently registered a resistance to ground of
approximately 100 Mf2 at 300 V. Magnet operation resumed 24
hours after the short occurred.

Over the next month, the magnet was excited six times
in the course of normal operation and then the short occurred
again and was cleared a second time by the same procedure.
Several days later, the short occurred again.

The 1079 short was caused by an accumulation of small
ferromagnetic particles that collected on the bottom of the
upper stainless steel "helium can" that eventually bridged the
3 mm gap to the bottom pancake of the upper coil. A total of
130 mg of this debris was found and removed from the 96 slots
between the insulator spacers. A similar accumulation of such
debris is suspected now and it is planned to repeat the previ-
ous cleaning procedure when the helium can is exposed for the
installation of the extraction channel. This cleaning will add
approximately two weeks to the channel installation procedure.

6.3.2.2.2 Trim Rod Drivers

J. LI. Ormrod

The pneumatically driven dog-clutches that engage the
individual trim rods with the stepping motors are actuated by
solenoid valves. The solenoids are in two layers and are
partially shielded from the fringing field by mild steel
plates. The shielding is inadequate at full field for some of
the solenoids in the layer nearer the magnet and the entire
solenoid assembly is being repositioned further from the magnet
where the fringing field is lower.
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The mechanical assembly cf the gears, clutches and
motors on their base plates is complete for six of the eight
clusters. The assembly of the last two clusters is 90% com-
plete. One of the new dual stepping motor power supplies was
successfully tested and fabrication of the remaining eleven is
in progress.

6.3.2.2.3 Outer Field Calculated Maps

E.A. lieighway

Work has continued on comparing speciEic field
Measurements made in the yoke hole and coil regions with calcu-
lations. The objective has been to expose small errors in the
model used to calculate the outer fields and so improve the
model accuracy. This has proved elusive. However, major
advances have been made on two fronts: (a) the measurement of
the fields inside the yoke holes has allowed calibration of the
calculated perturbation caused by the yoke holes where the yoke
magnetization was an unknown; (b) the locations of the field
measurement points along the axis of the measurement probe were
known to be less precise than in other directions. This has
been used to move the measurement coordinates until a best
agrtsement with the calculations was found. The resulting
residual difference between measurement and calculation is now
almost independent of magnet current as expected for a uniform
magnetization model.

It remains to estimate the azimuthal dependence of
the residual error, which is also difficult since the measured
fields are only known at one or two azimuths per radius.

6.3.2.3 Radiofrequency System

6.3.2.3.1 Accelerating Structure

C.B. aighaia

Tests of the rf structure in the magnet with the Mark
II cryopump (PR-P-134, 6.3.2.3.1; AECL-7778) indicate that the
full nominal operating frequency and power range will be
attainable with improvements discussed below. Tests were run
at 32 MHz to 30 kV, at 49 MHz to 65 kV and at 60 MHz to 60 kV
with magnetic fields between 2.2 and 5 T. Electron loading
effects at first turn-on were not very different with the
improved vacuum but conditioning was much easier. Maximum
voltages were limited by the water cooling restrictions due to
the extension of lines to the cyclotron from the original test
location in Building 467. The outer-conductor to liner joint
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was most sensitive to the reduced cooling and set the 60 kV
limit at high frequency. Disassembly and refitting in prepa-
ration for the move to Building 137 is now in progress.

Thermal and rf conduction at the outer-conductor to
liner joints have been of concern from che beginning. The
joints could be welded but the welds would then have to be cut
to remove either outer-conductors or liners from the poles.
Each joint contains rf finger contacts with an 0-ring vacuum
seal behind. Rf heating in the area is considerable, especial-
ly at the higher frequencies, so the cooling tubes were placed
as close as possible on both liners and outer-conductors.
Model tests have shown/ however/ that the liner temperature rose
to 100°C at the seal when the seal failures occurred and would
be only marginally safe with the full cooling system flows in
Building 137. Cooling will be improved by adding conducting
pads to the liners.

The tests showed also that the cooling of the cryo-
stat walls in the "valleys" was adequate but that temperatures
of the cryostat wall sections in the "hills" would rise too
high during long Tr-mode runs. This-may be caused by insuf-
ficient copper plating thickness on the cryostat wall or by
resistive heating of temporary steel flanges on the probe
holes. Existing plating will be thickened and any exposed
steel surfaces heavily copper plated.

The Mark II cryopump with a speed of 1500 L/s (as
compared with 300 L/s for Hark I) improves the rate of pump
down to the 10""* Pa range and conditioning after the rf is
on. The multipactoring effects during initial turn-on are not
very different. At magnetic fields greater than 2.5 T first
turn-on is easy at 32 Mriz and becomes increasingly more diffi-
cult at increasing frequencies. At 60 MHz mistuned low power
operation was required for 10 minutes before the power could be
gradually turned up. "Cleaning up" at low frequencies and
increasing the frequency in smaller steps would also get around
this,difficulty. Conditioning need not be repeated after short
vacuum transients but will not survive overnight shutdowns.

The voltage and phase stability of the dee voltage
was measured. The voltage stability is better than 0.1% (the
limit of the measurement). The one minute phase drift was 0.2°
or less. There was an aptjroximately 30 Hz component 0.2° in
amplitude that may have been mechanical in origin. These
stability levels are adequate for initial cyclotron operation.
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The prototype control and monitoring systems per-
formed adequately in general. Construction of the final systera
has been started.

6.3.2.3.2 Rf Power Amplifier

C.B. Bigham and F. Konopasek (University of
Manitoba)

Some adjustments and modifications were made to the
output stage of the rf amplifier to improve the efficiency and
stability. The plate voltage was increased about 5%, the
screen voltage about 20% and the grid voltage about 20%. The
screen and grid power supply filters were improved to reduce
ripple. During testing into the water load, operation became
erratic requiring disassembly of the amplifier cavity. There
was overheating damage of some components in the tube socket.
The air cooling provided was inadequate so water cooling lines
were installed in the tube socket structure. During subsequent
tests the socket was maintained at a satisfactorily low
temperature.

6.3.2.3.3 Mk II Cryopump Tests

J.A. Hulbert

When the cryopump was moved from the test tank to the
cyclotron it was necessary to extend the instrumentation cables
from 5 m to 30 m in length. This re-introduced an oscillation
problem due to internal coupling between integrated amplifiers
on a common chip and further decoupling had to be added to the
cable sockets. Otherwise the temperature monitoring worked
well with the exception of the rf screen temperature sensors
which pick up rf power in 0-mode operation. The magnetic field
has no noticeable effect on the sensors.

After establishing operation in rf arid magnetic
fields with liquid helium transfer from a transport dewar, a
transfer tube was constructed for cooling direct from the
magnet cryostat. With true closed-circuit cooling, with
boil-off gas returning to the liquefier compressor suction,
liquid transfer to the pump occupied 1/3 - 1/2 of the operating
time and did not disturb the liquid level over the magnet. The
net liquid helium consumption was 5.0 litres per hour which is
higher than designed for, but can be improved by removing some
persistent thermal contacts in the pump and shielding the
transfer line.
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With the pump operating, the midplane vacuum could be
maintained at 2 x 10~4 Pa. The addition of the second
pump will reduce the pressure to 1 x 10~4 pa o r less,
giving the required beam transmission.

The shield spacers suffered slight rf damage after
several hours of high power operation. This can be corrected
by adding suitable rf conduction paths under the rf baffle.

At the end of August, due in part to the use of
temporary arrangements for collecting the boil-off helium, the
rf baffle cooling water was frozen, and a cooling tube ruptured.
This rupture was not apparent at first so that overnight
leakage filled the rf cavity and lower trim rod assembly with
cooling water. The water was removed, all voids dried out and
the rods relubricated, but only after an extensive effort and
steps will be taken to prevent a re-occurrence.

6.3.2.4 Injection

6.3.2.4.1 Injection Beam Line Interface

J.ii. Grrnrod

The beam line between QI-15 and the cryostat wall has
been designed and detailed. It includes two horizontal
steering magnets, two vertical steering magnets and a Faraday
cup. The vacuum housing for the Faraday cup and the cover for
a bellows assembly is shielded by 12 mm wall mild steel pipe to
reduce undesirable beam deflection from the yoke fringing
field. The limited space along this beam line requires rather
high current densities in the steering magnet coils. The # 2
horizontal steering magnet had been previously built and
tested. The # 2 vertical steering magnet has been built using
high thermal conductivity epoxy within the windings and
segmented copper strips silver-soldered to the cooling tubes.
The magnet has been operated at the required ampere turns with
an acceptable temperature rise in the coil. The other two
steering magnets and the vacuum line are still to be
fabricated.

6.3.2.4.2 Low Energy Buncher

E.A. ileighway

The buncher has been shortened to bring both the If
and 2f frequencies successfully to their design values and the
structure modified to allow vacuum operation. This change
reduced the amplitude of the 2f frequency appearing at the grid
below the required level. Doth bead-pull measurements and
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SUPERFISH calculations verify that the voltage distribution
could be improved by extending the 2f stem. This can be
achieved without compromising the frequency range. The
Q-factor of the new structure is low and the primary cause
appears to be the tuner contacts. The tuner drive system has
been changed to use stepping motors and this will allow a
higher friction but high Q contact to be used.

6.3.2.5 Extraction

5.3.2.5.1 Extraction Channel Development

C.R.J. Hoffmann

Development work continues on small Nb3Sn super-
conducting coils for the magnetic channel. Experiments with
bias coil # 5 showed that turn-to-turn contact was inadequate
to protect the last turn against damage when the coil quenched.
The next coil, bias coil # 6, was wound with each of the two
layers in contact with an interleaved copper foil ( ̂  0.03 mm
thick). This coil appeared to have excellent quench pro-
tection. It operated up to 170 A and 225 A (depending on
current direction) in a background field of 4.6 T.

An alternative to saddle windings for generating bias
fields has been devised based on racetrack coils. These are
more easily supported within the space constraints imposed on
the channel design. A coil is being fabricated which models
characteristics of one of the racetracks in this alternative
arrangement. Calculations to determine the maximum current
required and optimize the geometry are underway.

A new three layer racetrack coil has been fabricated.
It was wound with 0.5 mm diameter ift̂ Sn superconductor having
a copper core and a stated short sample current of 300 A. (All
previous coils were wound with conductor containing no stabi-
lizing copper.) This coil modeled features proposed for
windings in a test module of a complete gradient structure.
Precompression was supplied by welded stainless steel bands.
This coil quenched at 220 A and 250 A, depending on current
direction, in a 4.6 T field. After about 20 quenches the inner
lead conductor failed. Methods of making the lead conductor
more robust are being studied.
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6.3.2.5.2 Electrostatic Deflector Tests

C.R.J. Hoffmann

High voltage experiments with the model deflector
mounted in a dee in the magnet were thwarted by cable damage.
It is thought that the high voltage feed cable and attachments
were resonant at one of the rf accelerating cavity frequencies
and that the damage was initiated by rf heating. Attempts to
put high voltage onto the deflector, before the damage was
known and with the magnetic field off, showed considerable
sparking (starting below 50 kV) and leakage current with
eventual shorting. The damage consisted of broken insulator
sleeves, expanded teflon at the end of the cable and general
discoloration which appeared as shadows above and below various
components. A second attempt to operate at high voltage, after
the system was cleaned up and repaired, indicated a short in
the cable. It has been demonstrated that resonance in the
cable assembly can be avoided if the high voltage cable is
terminated at the top of the magnet with a 50 ohm resistor con-
nected to ground through a 100 pF capacitor. These components
can be accommodated in a redesigned oil transition section.

6.3.2.5.3 Foil Changer

C.R.J. Hoffmann

Fabrication of an initial set of protective foil
shrouds is complete.

6.3.2.6 Beam Probes

J.D. Hepburn

Mechanical design of the main probe vacuum system,
probe movement mechanism, and support stands is complete.
Fabrication of a complete probe and the ordering of major com-
ponents may now proceed.

Evaluation of available CAMAC-based 8-bit micro-
processor systems showed that they did not have sufficient data
storage space for probe control. Accordingly a 16-bit
processor will be used and an order to upgrade an existing
Interface Standards auxiliary crate controller with LSI 11/2
processor and for purchase of dual floppy discs and RT-11
software has been placed. This system will provide means of
examining the general application of distributed intelligence
to control of cyclotron subsystems as well as being used to
operate the probes.
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6.3.2.7 Code Development

E.A. Heighway and A.E. Hubbard

The family of codes CAVIT for 2 or 3 dimensional rf
cavity design (from Munich) has been used successfully for the
low energy buncher. The code has problems with small gaps due
to the mesh methods employed but gave good results for the 2f
resonator frequency and voltage distribution.

The code HOLES (uniform transverse magnetization of
cylinders with irregular ends) has been improved to reduce the
sensitivity to data quality and the integration method changed
to use an analytical form for the inner integral of the surface
integration. This has improved accuracy and speed.

The code LOOK has been adapted to make comparisons
between calculated and measured field maps. This code has
flexible input and graphical output and will be used to help
documentation of the field calculations and comparison with
measurement.

6.4 Mechanical Laboratory

J.E. Anderchek

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

Total laboratory time breakdown in the quarter is as
follows:

Accelerator Physics Branch - 97.82%
Reactor Physics Branch - 2.18%

6.4.1 High Current Proton Accelerator

A number of flanges were fabricated and altered for
the resonant load vacuum t/ests. Directional coupler ports were
machined on two sections of 230 mm rf transmission line and the
brass extension of the cooling water sheath for the high power
rf load was repaired. i

Modifications were made to a complete set of drift
tubes for the aluminum Alvarez model tank and to the tank end
plate. A set of 9.5 mm post couplers was fabricated together
with spacer rings to allow installation in the existing model
ports.
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Components for two plasma generators and two offset
rings for the ring-cusp generator were fabricated and an
aperture plate and a cathode were repaired. Improved gimbal
adjusters for ITE were fabricated and installed.

Modifications were made to the vanes and spacers for
RFQ Model II. An RFQ model based on extruded square aluminum
tubing was fabricated and assembled.

The accurately machined RFQ Model III was completed
together with a set of conventional end tuners for both ends
and a set which simulate Bourdon tube end tuners for one end.
Fabrication continues on the model's tuning manifold.

Fabrication has begun on a mechanical mock-up of a
proposed RFQ1 resonator cavity. The mock-up is a full size
cross section but is only 75 mm long. It is a furnace brazed
copper and stainless steel assembly mounted on an aluminum
adjustment plate.

6.4.2 Electron Test Accelerator

The assembly of the pulsed gun is underway. All
parts were polished and the anode and focusing electrode
electropolished. Proper electropolishing conditions were
developed by test runs using various voltages, currents, dummy
matching electrodes and acid concentrations.

The on-axis and coaxial cavities for the beam cavity
experiment were machined. The hydraulic press was modified to
measure the dependence of the Q-value on cavity surface finish.
The on-axis cavity segments are now tuned and the coaxial ones
are being processed. Two aluminum segments of coaxial
structure were fabricated for higher order mode studies.

A Lucite sample holder was fabricated for the
dosimetry experiment in the irradiation facility.

6.4.3 Heavy-Ion Superconducting Cyclotron

The low energy buncher was shortened to bring the
tuning frequency into the correct range and flanges added to
allow vacuum operation.

A racetrack coil bobbin and auxiliary pieces were
made for magnetic channel development experiments. In
addition, modifications were made to components of a vacuum
potting oven and a vacuum tube furnace, which are support
facilities for channel development.
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Miscellaneous work for this program included furnace
brazing of fifteen copper shrouds for the foil changer system,
fabrication of a boron nitride insulating disc and sleeve for
the model electrostatic deflector system, completion of a pair
of prototype cooled electrical leads for extraction channel
magnets, modifications to the power amplifier cavity to improve
tube cooling and repair sparking damage, manufacture of a
transfer tube liquid-gas separator nozzle and test pieces for
transfer tube cold seal development and repairs to a helium
liquefier valve.

6.4.4 Reactor Physics

Two WR1 21-element fuel bundle end plates together
with four suspension adapters were manufactured and three con-
trol rods were repaired for the ZED-11 reactor.

6.5 Publications, Reports, Papers, Lectures and Patents

Reports

LINAC INJECTOR OPTIONS FOR A RELATIVISTIC HEAVY ION
SYNCHROTRON
H.R. Schneider
AECL-7228 (January 1982).

DERIVATION OF AN ELEMENTARY RFQ FORMULARY
L.W. Funk and R.W. Muller
GSI-82-7 - report published while L.W. Funk was posted to
Darmstadt, West Germany.

SLACINPT - A FORTRAN PROGRAM THAT GENERATES BOUNDARY DATA FOR
THE SLAC GUN CODE
W.L. Michel and J.D. Hepburn
AECL-7614 (March 1982).

Papers

PERSPECTIVES OF NUCLEAR FUSION AND SPALLATION SOURCES FOR
BREEDING FISSILE FUEL
S.O. Schr iber
I n v i t e d paper p r e s e n t e d a t t he 12th Symposium on Fusion Tech-
nology, J u l i c h , West Germany, 1982 September 13-17 .
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Lectures

RFQ'S AND BEAM DYNAMICS AT CHALK RIVER
G.E. McMichael
Lecture presented at the Institut fur Angewandt Physik,
University of Frankfurt, West Germany, 1982 September 15.

A HIGH CURRENT LINEAR ACCELERATOR FOR REACTOR FUEL BREEDING
- STATUS REPORT
G.E. McMichael
Lecture presented at the Institut fur Expt. Kernphysik,
Karlsruhe, West Germany, 1982 September 20.
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