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SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

In spite of the tank being opened three times,
only a very small amount of time was lost on unscheduled
shutdowns. Scheduled accelerator upgrading during the
period included installation of a new stripper gas control/
a light-pipe communication system to the terminal, and an
improved type of resistor expected to improve high voltage
performance.

Accelerator availability was as follows:

Experiments running 1460 hours 66.2%
Scheduled shutdowns 664 hours 30.0%
Unscheduled shutdowns 84 hours 3.8%

2208 hours 100.0%

Fifteen experiments were performed during the
quarter. Five visiting scientists used the accelerator;
they were involved in experiments occupying 50% of the beam
time and in these experiments their participation averaged
45%.

Research Activities

Work is proceeding well in preparation for the
deuterium photodisintegration-parity violation experiment
that will use polarized bremsstrahlung produced by polarized
electrons accelerated in the electron test accelerator. The
polarized electron source is operational. Good progress is
being made on fabrication of the special boron ion chambers
needed for neutron detection and on assembly of the data
acquisition system.

In another study of parity violation, in collabor-
ation with scientists from Los Alamos and University of
Illinois using the LAMPF accelerator, a search is being made
for a helicity-dependent component in the total cross
section for longitudinally-polarized 800 MeV protons inter-
acting with targets of H2O and liquid H2.

Direct mass measurements with the isotope
separator (ISOL) are in progress. Results to date on the
'J1Na-Z0Na mass difference are in good agreement with the
mass table value and encourage the belief that mass
measurements otherwise difficult to achieve will now be
possible with this instrument.
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1 A new Compton suppression detector system has been
{ used to obtain new data on the decay scheme for 150Dy and to
j explore further the yrast decay of high-spin states in 151Dy.

^ An analysis of recent scattering-length measurements
confirms that neutrons and macroscopic bodies fall under
gravity with the same acceleration (within a relative

) uncertainty of 3X10"1*) even though their masses differ by a
, factor of 10 2 7.

1.2 Accelerator and Applied Physics

Research Applications

a) Fast Intense Neutron Source

- New shims for the analyzing magnet have led to an
increase in the operating current from 5 mA to 8 mA D+

beam.

b) Heavy-Ion Superconducting Cyclotron

- The magnet cryostat has now been kept at operational
temperature for over 10 months continuously.

- A shielded transfer line layout has been designed for
coupling in two helium liquefiers for the final cyclotron
installation.

- Instrumentation for computer supervision of helium
transfer to the cryostat is installed.

- Vacuum tests at full field have been completed on the
rough vacuum and trim rod system.

- Rf tests of the accelerating structure in its dummy
vacuum vessel are complete and the rf cavity shells are
being fitted to the flutter poles in preparation for rf
tests in full magnetic field.

- A second injection dipole is being considered to improve
matching of the injected beam to the cyclotron injection
aperture.

- Testing of model superconducting coils lor the extraction
channel at 4.5 T is proceeding.

- Extraction and injection components have been fitted into
the upper accelerating dees.
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- A numerical model of the cyclotron magnetic field at
radii outside 600 mm is being matched to the limited
experimental measurements available to provide data fou
injection and extraction calculations.

- Orders have been placed for the pre-tandem inflection
and Y magnets and preliminary drawings have been
completed for the beam line between the ion source and
tandem. Valves for the beam transport have been ordered;
pumps and vacuum gauges are in delivery.

- Prototype units for the vacuum section controller are
built and tested.

Nuclear Power Applications

a) High Current Proton Accelerator Development

- A 320 mA, 42 keV proton beam was transported to the proton
beam dump on the Injector Test Experiment.

- Optimization of proton fraction for simple and cusp-
enhanced duoPIGatron sources is continuing with emphasis on
gas consumption and arc stability.

A new injector concept involving gas mixtures has been
tested to demonstrate complete variability of output
current without changing the beam energy.

An investigation of RFQ pole shapes has shown a method to
reduce fielJs by up to 15%.

- Work on a temperature post-processor for SUPERFISH has
started.

Instrumentation has been completed to allow operation of
the 268 MHz rf system from the control room.

- Reorganization of the modular dc supplies was completed.

Field measurements, SUPERFISH calculations, and lumped
circuit modeling for RFQ structures have determined
characteristics and dependencies of the various components.

Modifications to SUPERFISH are being developed to enable
the program to treat non-axially symmetric modes in
accelerating cavities.

Manufacture of the RFQ "sparker" continues.
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Frequency characteristics of various components for the
2BLAT tank have been determined.

- Work continues on the resoiwnt load fabrication and
facilities for high power tests.

b) Neutron Yield Measurements at 100 MeV at McGill University

- Integrated neutron yield measurements in collaboration with
McGill scientists have been extended to thick Li targets.
Preliminary analysis indicates that the neutron yield is
one third of that from a thick lead target. Analysis of
l:he lead data has been refined to include neutron self-
shielding and gamma-ray absorption eEEects in the gold
foils used for neutron flux measurement.

1.3 Solid State Physics

Neutron scattering experiments on a single crystal of
sulphur hexafluoride at 200 K have indicated the existence
of an overdamped librational mode centered at zero
frequency together with a highly anharmonic translational
mode at low frequency, ̂ 1 THz.

Collaborative neutron scattering <dxperriments on LaB6,
carried out at Oak Ri<l<je, suggest that the heat capacity
anomaly observed in this cubic met^i r̂ise.-3 Srom an unusual
near-degeneracy of longitudinal and transverse acoustic
phonons.

- Analysis of small angle neutron scattering (SANS) studies
of earthworm hemoglobin in terms of a new model for the
molecular shape has been used to monitor structural changes
induced by both heating and pH treatment. An approximate
size distribution of TiD particles in Ti metal has been
derived from preliminary analysis of SANS experiments on
this material cvirrie-l out at 0 k Ridge.

- Well-defined crystal field lev.is, having magnetic
character, have bnvn observed in polycrystalline PrSn3;
final confirmation of crystal field parameters awaits
experiments on a single crystal sample.

Initial deformation tests on Si crystals at high tempera-
ture and pressure are most promising for the eventual
production of high quality neutron monochromators.
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High resolution angular correlation measurements of
positron annihilation in oriented Zn single crystals have
been made over the temperature range 100 K-600 K. The
results indicate a distinct non-linear prevacancy region
and possible positron localization at 340 K. Positron
annihilation studies of Th metal show that the vacancy
formation energy is 1.26+0.10 eV.

1.4 Applied Mathematics and Computation

The transient loss of coolant pumping cases of the
thermal analyses of Pickering-A fuel channels with contact
between pressure tube and calandria tube have been completed,
and a final report is being prepared.

Development of rapid approximations for the Bickley
function Ki3(x), for applications such as the WIMS code, has
been completed. The rapid approximations provide 8S precision
in an average 13 \is, in contrast with the AELIB routines which
generate 13S precision in an average 36 us.

The option of generating a UNIPLOT neutral plot file
has been added to the control procedures of the stress
analysis programs STARDYNE and TPIPE. A new release of
STARDYNE was installed in 1981 December and the latest version
of MARC is currently being tested. Work on the latest version
of TPIPE has been halted pending resolution of an error in the
release by the program supplier.

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

- a program for maintaining an index of CRNL standards was
re-written in COBOL 5

a program to extract information from the personnel records
system and generate a file to be used for printing colour-
coded file labels was written

the SUMRT module of the fuel defect analysis programs was
modified to cope with more detector-collimator geometries
in the sweep gas spectrometer

- an analysis ol measurements of airborne fission product
releases from Bldgs. 206 and 234 was carried out
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fitting of rupture strain data for Zircaloy cladding
in steam was completed

a statistical analysis of data from the ultrasonic
inspection of Pickering 2 pressure tubes was
performed.

A comparison of a NOS/BE version of the
language APL, which will run on the 6600/175, with the
standard NOS version which runs on the CRNL and
Engineering Company 720's, has been initiated. The
objective is to provide a means of handling on the fast
computers long production runs which are no<: practical on
the slower 720's.

During the quarter, six of CoC's newest model
magnetic tape drives were installed, and two obsolescent
7-track drives were de-commissioned. Four of the new
units are high speed drives which support 6250 bits per
inch recording.

The following table is an analysis of computer
use during the quarter.



Corporate Head Office
Radiochemical Company
Chemical Company
Engineering Company
WNRE

CRNLr
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

0,
0,
0,

24.
1.

26.

r-l

0.
3.
2.
6.

0.

12.
10.
0.
1.
3.
0.
0.
0.
2.
0.
0.
0.

.87

.04

.64
,54
.72

22
51

41
15
81
43

74

35
02
61
81
09
09
06
44
30
00
16
01
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Percentage or Percentage of
Number of Jobs Total Utilization

0.65
0.00
0.11

38.75
2.59

7.60
0.84

0.32
2.53
6.00
9.13

1.67

13.18
7.06
0.12
1.64
3.90
0.00
0.04
0.15
3.68
0.00
0.02
0.00
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Nuclear Physics Branch

R.L. Graham
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(1) On leave of absence at Scanditronix, Uppsala, Sweden.

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

(3) Post doctoral fellow.

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

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

(6) Graduate Student attached from the University of Toronto.

(7) Waterloo Coop Student terminated work term 81 December 18.

(8) Transferred from W. E. &P. Branch 81 October 14.

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

(b) Also has responsibilities in Section I.



- 12 -

2.2 Deuterium Photodisintegration - Parity Violation Experiment

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

A CAMAC based data acquisition system has been
designed end quotations have been received for components.
Construction has begun on current-to-voltage units and
voltage-to-frequency converter units for the data-acquisition
system.

The polarized electron source is in operation and
work is continuing to improve the output and polarization.

Work continues on the B ionization chambers (see
PR-P-132: 3.16? AECL-7605.

2.3 Parity Mixing in Ne

A.B. McDonald with E.D. Earle (Neutron and Solid State Physics
Branch) and H.-B. Mak (Queen's University)

Further measurements have been performed to improve
the counting rates and foil lifetimes for the measurement of
the parity mixing in 21Ne (see PR-P-131: 3.7; AECL-7510 and
previous reports). It was found that higher counting rates
and acceptable background levels could be obtained using 0.003
cm thick molybdenum foil as an entrance window for a longer
2lNe gas target. This foil is known to have significantly
longer life than the tantalum foil used previously.

An improved magnet configuration suggested by
H.R. Andrews was installed in the low-energy end of the
accelerator. This restored the transmission to the 50% level
achieved previously for 4 MeV protons. A two week production
run is scheduled for the next quarter.

2.4 Search for Parity Violation in Proton-Nucleon Total Cross
Sections at 800 MeV

A.B. McDonald with D. Nagle, D. Bowman, R. Mishke, R. Carlini,
R. Talaga (Los Alamos National Lah.) and V. Yuan, R. Harper
and H. Frauenfelder (University of Illinois)

An experiment is in progress to search for a
helicity-dependent component in the total cross section for
longitudinally polarized 800 MeV protons interacting with
targets of H2O and liquid H2« The ratio of currents in ion
chambers placed before and after the target is measured for
each beam pulse (120 Hz) and a helicity-dependent component
is sought which is synchronous with the polarization reversal
(30 Hz). Measurements of beam position and transverse
polarization are also made for each beam pulse to determine
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the size of possible systematic errors. During a one-week
run at the Los Alamos Meson Physics Facility (LAMPF) in 1981
July/ systematic uncertainties with target removed were
reduced to less than ± 3 x 10~? and problems arising from
spallation products interacting in the ion chambers were found
to be negligible in the newly redesigned chambers.

Data from a run in November with an H2O target are
presently being analyzed. Preliminary results indicate that
systematic and statistical uncertainties in the (a+ - a_)/
(a+ + a_) ratio should be less than ± 1 x 10~6.

25
2.5 Lifetime Measurements of Levels in Na

G.C. Ball, T.K. Alexander, J.S. Forster with W. McLatchie
and H.-B. Mak (Queen's University), R.L. Kozub, C. Chitwood
and D. Fields (Tennessee Tech.)

Analysis of the experimental Doppler-broadened
lineshapes obtained previously (PR-P-131: 2.2; AECL-7510)
has been completed. The results are summarized in Table
2.5.1. The values obtained in the present experiment are in
excellent agreement with all previous data except for the
2.02 MeV level in 25Na.

42
2.6 Measurement of the Lifetimes of Levels in Ti

T.K. Alexander, G.C. Ball, J.S. Forster, D. Horn, I.V. Mitchell
(Solid State Science Branch) and A.M. Lone (Neutron and Solid
State Physics Branch)

This experiment is part of a series to determine E2
transition probabilities for levels in T z = -1 nuclei of T = 1
isobaric triplets. Recently, pion inelastic-scattering
experiments have been carried out on the T z = +1 mirror nucleus
42Ca (K.G. Boyer et al. Phys. Rev. C2£ (1981) 598) and
neutron-to-proton E2 matrix elements have been deduced.

The levels of Ti were populated in the 3He(40Ca,n)42Ti
reaction by bombarding 3He-implanted Au targets with 112 MeV
4 0Ca 9 + ions. The experimental arrangement was similar to
that used to measure lifetimes in 26Si (see PR-P-129: 2.3;
AECL-7328). Three Ge(Li) detectors at 0°, 135° and -60° to
the beam, were used in coincidence with two NE213 neutron
detectors at 0°; data were recorded on magnetic tape. An 88Y
source was placed near the counters for gain stabilization of
the Ge(Li) detectors from recorded NE213 - Ge(Li) coincidence
events.

^ ^ 1 n «
a t ^ r a 5 e W a s q u i t e l o w a t t h e maximum beam

current (̂ 100 nA) that the targets could tolerate. On-line
data clearly showed the 1.555 - 0 and 2.676 - I.555 M ev
transitions in 42Ti. Detailed analysis of the data is in
progressprogress
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Ex
(MeV)

1.

2.

2.

2.

3.

3.

3.

3.

3.

4.

4.

0.

1.

1.

07

02

79

91

35

46

69

93

95

00

14

98

70

81

Summary of

:Ei
(MeV)

1

2

2

2,

2,

3,

3,

3.

3.

3.

3.

4.

0.

1.

1.

.07

.02

.02

Table 2.5

Lifetimes

Ef
(MeV)

0

0

1

average

.79

.91

.35

.46

,69

,93

,95

95

,14

98

70

81

0

0

0

2

0

0

0

1

0

0
0

0.

.09

.07

.0

.09

.0

.42

.0

.0

.0

.07

.0

.0

.0

.0

from

.1

Lineshape Analysis

T

Present Work

1900

37

35

36

250

15

23

210

26

45

23

1410

1420

693

2SNa

+ 200

± (5) b )

± (5)

± 6

± 50

± 6

± 7

± 25

± 12

< 40

< 120

± 10

± 9

± 100

± 110

Ptfw6bMg

± 75

(fs)
Published
Valuesa>

2300 - 28oS

< 25

1400 + 300

1200 ± 200

700 + 30

a)

b)

P.M. Endt and C. Van der Leun, Nucl. Phys. A310 (1978) 1.

Errors in brackets are statistical errors only. Total
errors include uncertainties for target thickness (±50%) ,
detector resolution (±10%), counter response function (±10%)
and electronic stopping powers (±5%)
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2.7 Precision Q-value Measurements

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

We are continuing our program of measuring relative
0 •*• 0 + beta decay ft values by precisely measuring (3He,t)
Q-value differences~Tsee PR-P-123: 2.19; AECL-6680) with the
Q3D spectrometer and the high-voltage target.

During the latest experiment a compound target
consisting of 26Mg and 42Ca was bombarded by 18.6 MeV 3He .
The resultant tritons corresponding to the 2 6 ^ * (.228 MeV)
and the 42Sc(g.s.) recoils vere observed at 0°, each with a
5 cm long surface barrier position sensitive detector. These
two triton peaks could not be peak-matched with our equipment
because of the large difference in the reaction Q-values.
However, at this beam ener/y and angle, the 26A&*(-228 MeV)
tritons could be peak-mate 3d to deuterons corresponding to
27A£(g.s.) and the 42Sc(c >.) tritons could be peak-matched
to deuterons corresponds , to 2'Ail (2.98 MeV). When both
doublets are peak-matched simultaneously, uncertainties in
the angle and beam energy become negligible.

The one missing link in determining the difference in
Qec-values between the

 42Sc and '6mA£ 3-decays is the transition
energy, 27A£(2.98 MeV) -»• 27AA(g.s.). We are planning to
measure the y-ray energy from this transition. Analysis of
the Q-value doublet measurement is in progress.

2.8 Direct Mass Measurements with the CRNL Isotope Separator

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

Two on-line runs were undertaken during this quarter.
A FEBIAD on-line ion source was used with a 0.5 mm aperture.
The resolving power of the separator, as measured by scanning
the ion beam across a 100 ym tungsten wire, placed in the image
plane, was in excess of 10,000. The use of a 250 ym slit
(replacing the wire) at the entrance to the beam transport
line degraded the resolution to 5000 during the measurement
process.

The separations of four mass doublets were measured:

A. 21Na - 20Na
B. 64Ga - 63ca

C. 73Br - 72 B r

D. 74mBr - 73Br
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The first two of these measurements are intended to
be a check of technique, while C and D involve nuclides whose
masses are not well known. A preliminary result of

21 N a _ 20 N a = 990 328 ± 36 yu

has been obtained. This is in good agreement with the value
quoted in the 1977 mass table (990 307 ± 10 yu). Analysis
is in progress for the other measurements.

2.9 Fermi Beta Decay: Precision Q-value Doublet Measurements by
a New Technique

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

A paper has been written describing our new peak-
matching technique (PR-P-123: 2.19; AECL-6680) and its
application in measuring the difference in Q e c values between
the superallowed 0 + •*• 0* B-decays of 14Q and 26&!Lm

(PR-P-130:2.6; AECL-7408). The doublet measured was
Q[26Mg(3He,t)26AA*(E

x = 1.06 MeV)] - Q[14N(3He,t)14O]; this
result when combined with y~ray measurements (see Table 2.9.1)
yields a precise value for ^he Qec-value difference of the
corresponding supexallowed -ecays.

The derived ft values for masses 14 and 26 are equal
to within (7 ± 8) parts in 104, thus supporting calculated
electromagnetic corrections and the expectations of CVC.

Table

Results of Q-value

• Property
I (Ex in MeV)

\ Q[26Mg(3He,t)26AJl*(l.

I -Q[14N(3Heft)

• E[26A£*(1.06) •* ?liAlm

E[14N*(2.31) •* 1 4 N ]

06)]

14o]

]

2.9.1

Doublet

81

829

2312

Measurement

Value
(keV)

.796 +

.429 ±

.87 +

0

0

0.

157

025

07

Ref.

this
work

a)

b)

Qec[
26AAm - 26Mg]

-Qor,[
140 + 14N*(2.31)] 1401.65 ±0.17

a)see sect. 2.11
b )F. Ajzenberg-Selove, Nucl. Phys. A360, 1 (1981)
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2.10 Superallowed 0 ->- 0 g Decay

J.C. Hardy, V.T. Koslowsky and I.S. Towner (Theoretical
Physics Branch)

In conjunction with our recent improved energy
(see Sec. 2.9) and lifetime (see Sec. 2.12) measurements for
superallowed 0+ -*• 0+ 3-transitions, we have completed an up-
to-date survey of all published measurements relating to the
decays of 140f 26A&m/ 3*CSl,f 38Km, 42 S C / 46V, 50 M n a n d 54 C o.
Our criteria were similar to those used in a previous survey
(J.C. Hardy and I.S. Towner, Nucl Phys. A254 (1975) 221)
except that, where possible, all results have been corrected
for more recent improvements in calibration standards.

The resultanttt values corresponding to the four
lightest cases agree well with one another, but those for the
four heaviest are consistently 0.4% higher, suggesting
inadequacies at this level in the calculated charge-dependent
corrections. This possibility is not unexpected in the fp-
shell where configurations used for calculation were less
complete than those used in the sd shell (see I.S. Towner
and J.C. Hardy, Nucl. Phys. A205 (1973) 33). Possible
improvements will be considered.

2.11 Measurement of the 1 + (1.07 MeV) •-> 0* (0.23 MeV) y transition

in 26A&

V.T. Koslowsky, E. Hagberg, J.C. Hardy with R.E. Azuma
(University of Toronto), H.R. Leslie and C. Virtue (Queen's
University)

Analysis of an experiment performed at Queen's
University to measure the 1* (1.06 MeV) to 0+(.23 MeV) y-
transition eneray in 2^AZ has been completed (see PR-P-129:
2.14; AECL-7328).

The 1.058 MeV state was produced via a resonance
in the 25Mg(p,y) reaction at Ep = 1.19 MeV with the Queen's
Van de Graaff accelerator. The resultant y rays were observed
in a Ge(Li) detector of 23% efficiency (relative to a
7.6 cm x 7.6 cm Nal detector at 1.33 MeV). Energy calibration
of the y-ray spectrum was achieved with 5 4

K n an(j llOmAg
sources placed close to the target position. Mechanical and
optical measurements ensured that the Ge(Li) detector was
positioned to within 0.6° of the nominal angular uncertainty
relative to the beam direction. This uncertainty in angle
corresponds to an uncertainty in energy of 16 eV (if the
Doppler shift is not attenuated) at an observation angle of
90°.

The y-ray energy was measured at 90°, 270°, 46.5°
and 226.5° relative to the beam direction. Pairs of angular
settings were 180° apart so that Doppler shift effects are
minimized when the pairs are averaged.
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The final result for the energy difference has
been deduced to be 829.430 ±0.25 keV.

This result allows us to convert, precisely, our
14N(3He,c)14o, 26Mg(3He#t)26A£* (i.06 MeV) Q-value difference
(see 2.9) into a difference in Qec-values for the superallowed
3-decays of 14O and 26mAX..

2.12 The Lifetime of 2 6 mA£ and 3 8 mK

V.T. Koslowsky, E. Hagberg, J.C. Hardy, W.L. Perry, H. Schmeing,
K.S. Sharma and J.S. Wills with R.E. Azuma (University of
Toronto)

Our program of measuring the weak-interaction
vector coupling constant from 0 + -*• 0 + beta transitions
requires a precise knowledge of the total half-life. Using
the on-line isotope separator, tape transport and a 4TT
proportional counter we have measured the half-lives of
(i) 2 S mA£ to be 6347.8 + 1.6 ms, and (ii) 38mjc to be
924.37 + 0.38 ms.

The AH was produced by bombarding the C catcher
in the isotope separator ion source with an 80 MeV, 250
particle nA *-°O beam. The 3°mK w a s pro(juced by bombarding
the 1 2C catcher with 120 MeV, 25 particle nA of 28si. The
activity of interest was momentum analyzed-by the separator,
passed through an object slit, down a beam line to a low-
background counting location and finally implanted into an
aluminized-mylar tape. After a suitable collection period
the beam was deflected away from the object slit, and the
implanted sample was automatically moved into a 4TT
continuous-gas-flow counter (see PR-P-125: 2.23; AECL-6956).
The electronics consisted of a charge sensitive preamplifier,
an amplifier with 1/8 ys time constants, a 100 MHz lower
level discriminator, a non-retriggerable gate generator and
finally the PDP-1 computer operated in a multi-scaling mode.
The time standard was derived from a temperature-stabilized
crystal-controlled clock that was cross-checked against a
Tektronix 184 Time-Mark Generator. The multi-scaled data
for each sample were recorded as one record on magnetic tape
and later analyzed scan-by-scan on the CDC 6600.

The purpose of the non-retriggerable gate generator
is to generate a long, dominant, and well-defined dead time.
This dead time was measured with various strength 60co
sources using the source-pulser method (see "A Handbook of
Radioactivity Measurement Procedures", NCRP report No. 58,
section 2.7.2.4.4) to ±0.4%. The majority of the electronic
noise observed in a preliminary experiment (see PR-P-131:
2.4; AECL-7510) was removed by turning the SCR controlled
tape drive off during the counting period. Any grossly
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abnormal data scans caused by separator failure or spurious
noise bursts were identified by the large deviation in the
number of observed events from the expected exponential
decay and were rejected. The decay of each sample was
followed for 10 to 11 half-lives. Below an initial count
rate of 15 k/s, no nonstatistical discrepancies were observed
between the various measurements. Our results agree
favourably with measurements made elsewhere and decrease the
overall uncertainties by a factor of two.

147
2.13 The Mass Excess of Tb

G.C. Ball, 0. Hausser, T.K. Alexander, J.S. Forster and D. Horn

Recently/ experimental evidence has been obtained
for a significant proton-single-particle energy gap at
Z = 64, N = 82 between the lg7/2 and 2ds/2 orbitals and the
lhxi/2» 3sl/2 and 2d3/2 orbitals. Of the five nuclear
masses needed to determine the magnitude of this energy gap,
147ib is the only one which has not yet been measured. In
the present work, the feasibility of using the three proton
transfer reaction 144Sm(16O,13B)l47Tb to measure the mass
excess of 147Tb was investigated. A 100 MeV 1 6O 7+ beam was
used to bombard targets consisting of *> 200 \iq/cm'i of 144Sm
evaporated onto a 10 yg/cm^ carbon backing. Reaction products
were analyzed by the Q3D spectrometer and detected with the
CRNL heavy ion gas counter system. Energy spectra were
obtained at lab angles of 20°, 32°, 36° and 38° and 1 3 B 5 + ions
populating the low-lying levels of ^'Tb were observed.
Analysis of these data is in progress.

2.14 Search for Enhanced Quadrupole Modulations

0. Hausser, H.R. Andrews and D. Horn

It can be shown that stretched E2 transitions
deexciting a high-spin state have a probability distribution
that peaks perpendicular to the spin direction. Gamma rays
from a fusion-evaporation reaction emitted into a ring of
counters that intersects the beam axis are then associated
preferentially with spin directions parallel to the symmetry
axis of the counters. This fact has been exploited to
enhance the anisotropy of gamma-ray angular correlations in
collective nuclei by about a factor of two (Deleplanque et al.
Phys. Rev. Lett. 41 (1978) 1105).

It has been shown recently that non-collective
nuclei such as 147Gd exhibit a phase transition to collective
behaviour at spins I > 51/2 (Rud et al., Phys. Lett. 100B
(1981) 17). We have attempted to select preferentially, an
alignment axis following the 124Sn(28Si,5n)147Gd reaction at
E = 147 MeV by observing continuum E2 y rays in an array of
six 7.6 cm x 7.6 cm NaI(T£.) trigger counters.
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Quadrupole modulation spectra resulting from static quadrupole
interaction of the 500 ns 49/2 isomer in a single crystal of
Gd (see Hausser et al., Phys. Rev. Lett. 4_4 (1980) 132) were
observed in two Ge(Li) detectors, either directly or in
coincidence with 1, 2 or more trigger y rays of 0.8 - 2 MeV
energy. Analysis of the time spectra for y rays deexciting
the isomer showed that the increase in the amplitude of the
quadrupole oscillations was not statistically significant.
The experiment could, however, be improved in several ways:
increase in the multiplicity of collective E2 y rays at
higher bombarding energies (this was not possible), increase
in the number and solid angle of the trigger counters, and
tighter selection of the E2-bump energy region.

2.15 Gamma Decays in Dy Observed with Compton-Suppressed
Ge(Li) Detectors

0. Hausser, D. Horn, H.R. Andrews with M.A. Lone (Neutron
and Solid State Physics Branch) and P. Taras (Universite de
Montreal)

Two new, large (25 cm x 25 cm) NaI(T&) counters
have beeli used as Compton-suppressors together with Ge(Li)
detectors to remove unwanted Compton background from high-
resolution Ge(Li) spectra. The NaI(T£) counters have an
asymmetric access hole for the Ge counters, allowing a
relatively short distance of 15 cm between y source and Ge
centre, including 5 cm of shielding. The performance of the
Compton-suppressor was tested off-line with several different
coaxial Ge(Li) detectors. With 0.66 MeV y rays from a 13"cs
source we find, typically, Compton reduction factors of ^ 3.3
and increases in the peak-to-total ratios from ^ 0.34 to
^ 0.64. These values are slightly better than those obtained
with a similar device by Todd and Nolan (University of
Liverpool, Annual Report 1980, p.55). Further improvements
of these values are expected with hyperpure n-type Ge
detectors because of their minimal dead-layers.

The in-beam performance of the two anti-Compton
shields was tested with a pulsed beam of 163 MeV 3 2S to
bombard 1 mg/cm2 thick targets of 124Sn on Pb backings. In
addition to the two shielded Ge(Li) detectors, a third Ge(Li)
was used and all combinations of yY coincidences were recorded.
To enhance deexcitation y rays from high-spin states at least
one of four 7.6 cm x 7.6 cm Nal(T&) trigger counters were
required to fire, either promptly (there are no long-lived
isomers populated in the (32s,6ny) -"ODy reaction channel)
or after a delay of at least 10 ns (in the (32S,5ny} ISlDy
reaction, see sect. 2.16). Projected coincidence spectra
containing only 150Dy ^ines exhibit an improvement in the
peak-to-background ratio by a factor of ^ 3.5 for the shielded
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Ge(Li) counters over the unshielded one. The background
includes some contributions from prompt continuum y^ays. In
the Compton-suppressed spectra about thirty new y rays have
been attributed to 150Dy in addition to those reported by
Piiparinen et al. (Physica Scripta r7 (1979) 103). Attempts
are continuing to construct a consistent decay scheme.

2.16 Parallel Decay Branches of Dy at High Spin

D. Horn, 0. Hausser, H.R. Andrews with M.A. Lone (Neutron and
Solid State Physics Branch) and P. Taras (Universite de
Montreal)

Previous work at CRNL has explored the yrast decay
of high-spin states in 151Dy (B. Haas et al. Nucl. Phys. A362
(1981) 254). With the implementation of two Compton-suppressed
Ge(Li) detectors (sect. 2.15) it was possible to extract fur-
ther details of the decay. High spin states in 1 5 1Dy were
produced in the 5n reaction of pulsed 163-MeV 3 2s with 1 2 4Sn.
Valid Y~Y coincidence events were selected by a delayed
trigger from an array of four Nal(Tl) detectors as described
previously (B. Haas et al., Nucl. Phys. A362 (1981) 254). All
six Y-Y permutations between the three Ge(Li) detectors (two
Compton-suppressed, one unsuppressed) were added after off
line analysis, yielding very clean spectra. The Compton
suppression afforded greater protection against the "false"
coincidences which arise from the background, and permitted
identification of several new transitions.

The resulting level scheme is in agreement with
previous work up to the J = 61/2, 8893-keV level. The 589-keV
transition is found to be in parallel with the cascade de-
exciting the J = 61/2 level. Since it is an electric-
quadrupole transition, the nature of the 212-keV y ray is
fixed as Ml. Above the J = 61/2 level, the previously
observed 291- and 1138-keV transitions are in cascade with
a 243-keV y ray, all deexciting a 10564-keV state. Also
deexciting this level are the 749- and 1134-keV gamma rays
which form a cascade and feed the J = 59/2, 8682-keV level.
Furthermore, the 243-291-keV sequence has a 534-keV crossover
transition, and tentatively, there are several additional
branches in parallel. The usual argument that a nucleus
deexcites to the yrast line and then follows a single decay
path along it is clearly inappropriate in this case.

2.17 The g-Factors of Collective States in Rare-Earth Nuclei
Observed by Transient-Field Interaction in Thin
Ferromagnetic Gadolinium Foils

0. Hausser, H.R. Andrews, D. Horn, J.L. Gallant, P. Dmytrenko
with M.A. Lone (Neutron and Solid State Physics Branch) and
P. Taras (Universite de Montreal)

Earlier experiments with the ion-solid interaction
of recoils traversing polarized foils of gadolinium (see
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Fj PR-P-126: 2.7-2.10; AECL-7055) have been continued. Two
{ different types of experiments were performed: discrete
;.i rotational states in 1 5 4' 1 6 0Gd were Coulomb excited by
U beams of 31Cl at 130 MeV, and of 63Cu at 150 and 230 MeV.
;..[ The precession results for y rays observed in coincidence
j with backscatterec" beam particles, together with detailed y-

'•••$ ray angular distributions, will allow a determination of
\\ yet unknown g-factors in the transitional (N = 90) nucleus
:'•, 154cd up to the 8+ level.

\\ In a second experiment high-spin continuum states
have been populated in the 127I(37c£,4n)160Yb reaction at
EC£ = 160 MeV to determine their average g-factors from the
resultant precession of the angular distributions of y rays
emitted between lower-lying discrete probe states. The
magnetization of the Gd foil was monitored simultaneously by
observing y rays from Coulomb excitation of Gd in coincidence
with backscattered 37c£. Analysis of these results is in
progress.

In most of the runs employing lead-backed Gd foils,
a separation of the Pb-Gd interface developed at the beam
spot caused by differential heating and expansion. This lead
to a severe reduction in the observed precession angles
because of a local decrease in the foil magnetization, and
because of spin deorientation in the vacuum gap. This problem
was completely eliminated by using copper backings instead
of lead. In the •">°Yb experiment, where copper would have
introduced reaction background in the singles spectra, the
Pb-backing was soldered directly to the cold finger, although
a substantial degradation of the spectrum quality resulted
from this procedure.

2.18 Lifetimes and g-Factors in N = 128, 130 Isotones

D. Horn, O. Hausser and M.A. Lone (Neutron and Solid State
Physics Branch)

To supplement decay schemes from work at
Brookhaven National Laboratory (T.K. Lonnroth et al., Univ.
Jyvaskyla Preprint JYFL RR 13/81), isomeric lifetimes and
nuclear g-factors were measured for the N = 128 isotones,
2^4Rn and 21^Ra. After a series of cross bombardments and
excitation functions to optimize isomer production, the
204Hg(170,5n) and 204ng(1/O,a3n) reactions at 100 MeV and the
208Pb(13C;5n) a n d 208Pb(13c,a3n) reactions at 85 MeV were
studied with pulsed beams. The g-factors were measured by
the perturbed angular correlation technigus in an external
magnetic field of 2.888 T. Analysis of the 216Ra data has
begun and preliminary results indicate the existence of two
new high-spin isomers.

In related work, a search was made for isomers in
the N = 130 nuclei, 220-rh and 218Ra. Because of fission



- 23 -

competition, the (heavy ion, xn) channel for forming these
nuclei is exceedingly weak and gamma-ray transitions in them
have only recently been identified (D. Horn et al.,
Australian National University - to be published). 220Th was
produced in the reaction 208pfc>(17o,5n) at 106 MeV and 2 1 8Ra
in the reactions 208pfo(17O/a3n) at 106 MeV and

 204Hg(18O,4n)
from 82 to 106 MeV. No evidence for isoiu^rs with T w 2 £ 4 ns
was observed. This is of interest since these nuclei lie
between the lead region with its high-spin isomers and the
region of the collective actinides.

2.19 Radiocarbon Dating with the MP Tandem Accelerator

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

A six day run was completed in mid December.
During this time 90 independent measurements were carried out
on two sample loadings. In addition to the oxalic acid and
limestone background standards, the samples included carbon
derived from 5 meteorite samples (supplied by E.L. Fireman,
Smithsonian Institute), 7 bone samples from the National
Museum of Canada, 4 insect samples (supplied by A. Morgan,
University of Waterloo) and two CRNL ground-water carbonate
samples. A more detailed description of the samples and their
preparation is given in the Environmental Research Branch
Progress Report PR-HS-10:3.12; AECL-7604.

Over the course of the run the variations in the
oxalic acid standard ratio were larger than those observed
in our previous run (PR-P-131: 2.14; AECL-7!:10) and
periodically it was necessary to make minor adjustments to
the system. A modification that had been made to improve the
focussing of the Cs + ion beam from the sputter ion source was
found tc have two detrimental effects: 1) hi sputtered from
the front face of the cone was deposited onto the carbon
samples resulting in a C~ beam current from our oxalic acid
standard cone which decreased much more rapidly with time and
2) significant erosion of the cone aperture affected cone
positioning and hence contributed to the observed variations
in the standard ratio. Background levels of ^ 38,000 and
43,000 years were observed in the first and second cone
loadings, respectively.

Computer program? have been written to store and
analyze the large volume of data generated during the present
production runs.
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2.20 MP Tandem Operation

J.C.D. Milton

The availability (Table 2.20.1) of the tandem was
good during the quarter, especially if the eleven day
Christmas shutdown (included as scheduled)is taken into
account. The small amount of unscheduled lost time is
particularly gratifying. The tank was opened three times,
once unexpectedly to remove debris from the bottom of the
tank, once to replace stripper foils and once for accelerator
upgrading. The latter project includes a new stripper gas
control, a light pipe communication system to the terminal
and a new type of resistor expected to be more reliable as
well as improve the high voltage performance.

During the quarter 15 experiments were performed
involving CRNL and five visiting scientists. The visitors
participated in experiments occupying 50% of the time and
in which they contributed 45% of the effort.

Table 2.20.1

MP Tandem Availability 1

Beam available
Scheduled shutdown
Unscheduled shutdown

Isotope Separator Resolution

October -

Hours

1460
664
84

31 December

_ %

66.2
30.0
3.8

100.0

2.21

H. Schmeing and D.N. Standish

Since the mass resolution achievable with an
isotope separator is determined by a) the stability of the
extraction voltage b) the energy spread inherent to the ion
source, and c) the aberrations of the magnetic dipole, we
are pursuing a program to determine, experimentally, which
of these effects is limiting the resolution at present
(R = 11000 for FEBIAD source; R = 15000 for Bernas). The
ripple component of the extraction voltage has recently
(PR-P-131:2.20; AECL-7510) been reduced to 200 mV peak to
peak at an extraction voltage of 40 kV. During the current
report period, the long-term stability (up to i2 hours) has
been investigated extensively. Since it is very difficult to
measure voltage drifts of several parts per million in 40 kV
directly, the overall position stability of the beam was
used as the limit of the high-voltage stability. Because of
computational difficulties these test runs have not yet been
evaluated fully but a preliminary analysis leads us to
•*pect a iligh-voltage drift of less than 1 part in 105.
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The design of new equipment (loc. cit.) for
measuring the energy spread of our ion sources has been
completed and submitted to the shops.

2.22 Ion Source Development for the On-Line Isotope Separator

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

All components of the He-jet ion source have now
been machined, and the assembly has begun. Off-line testing
of the system on a specially-built test stand is expected to
commence within a few weeks. A three phase isolation trans-
former (100 kV DC test, 28 kVA) supplying power to this source
and all existing supplies operating at high voltage has
been ordered.

Breakdown-voltage measurements on the prototype
flash arrester (PR-P-130: 2.24; AECL-7408) have been completed
for various grid combinations. The best results were obtained
with a grid of 8 lines-per-cm stainless steel mesh. In the
pressure range of 67 to 53 Pa (0.5 to 0.4 torr) the breakdown
voltage varies from 2 to 3 kV. Since the design for the full-
scale version of the flash arrester provides for 20 pairs of
grids, no arcing should occur at the standard operating
voltage of 40 kV, providing that the pressure in the pumping
line can be kept low enough.

Measurements of the pressure drop across 8 and 16
grids have been made over a wide range of pressures and flows.
These tests lead us to expect a drop of only 5.3 Pa (0.04 torr)
- at about 53 Pa (0.4 torr) operating pressure and a flow of
30 std cm3/s of He - across the full set of 40 grids, each
covering an unobstructed area of 200 cm^.

2.23 Isotope-Separator Operation

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

The isotope separator was used continually during
this period. Two on-line runs took place, both dedicated to
the direct measurement of masses of radioactive Na, Ga and
Br isotopas. These runs covered a period of 3.5 weeks,
including set up. Two weeks were spent on the production of
implanted J8Ar targets for subsequent use in precision Q-
value measurements. The balance of the time was used for
long-term stability measurements as well as routine system
improvements.
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2.24 Test of the Cox-Isham Versus Bryant Formulae for 4Trg-y
Coincidence Counting

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

A program for use at the main CRNL computation
centre has been compiled, which incorporates a FORTRAN
sub-routine written by D. Smith of the National Physical
Laboratory (NPL), for computation of coincidence-counting
data according to the Cox-Isham formula (Nucl. Instr. & Meth.
152, 595, 1978 and 1^5, 509, 1980). It has been suggested
that this formula is more accurate because it accommodates
higher order deadtime and resolving time corrections, which
the simpler formulae do not. Data from coincidence counting
a series of ^ C o sources were processed with this new pro-
gram, and also with our regular program (which uses Bryant's
formula and the PDP-8 computer).

The sources tested covered ranges of from 10 to 70
kBq in activity and from 53 to 74% in 4TT3 counting efficiency.
The series of sources was counted with our dual system, first,
with the relative time delay between the $ and y channels
matched (AECL-7253), and afterward with mismatches of +50 and
-50 ns, in order to test the difference in results computed
via the two formulae. From the results, we estimate that
the difference between the formulae for the experimental
conditions tested was up to 0.14%. The inaccuracy in the
Bryant formula is largely counting-rate dependent. The true
meaning of this difference is obscured by the constraints
of the SUCCESS data acquisition system (the general-purpose
interface cannot accommodate more scalars), which prevents
us from monitoring more than one pair of B—y channels con-
currently for time delay.

2.25 Standards Issued

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

59
Fe - Environmental Research

Co - Radiochemical Company

85
Sr - Environmental Research

Cs - Radiochemical Company

152
Eu - Electronics

228
Th - Biomedical Research
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2.26 Miscellaneous Services

R.H. Martin

Branch.

88
A source of Y was prepared for Nuclear Physics

2.27 Recalibration of the 4TTY Ionization Chamber

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

New sample holders for the 47ry ionization chamber
were introduced when the automatic sample changer was in-
stalled (PR-P-129: 2.34; AECL-7328). This has necessitated
recalibration, which has been .accomplished over a period of
time with standards produced in our laboratory by coincidence
counting (AECL-7253). Sufficient data now are available to
permit us to interpolate from curves of response versus
Y-ray energy to an accuracy of <±1% over the energy region
for which this instrument is used (120 to 1400 keV), and to
better accuracies over part of the energy region. This
capability has already been found useful for the issue of
some standards, e.g. 41Ar, 59Fe and 85sr (PR-P-131: 2.28;
AECL-7510).

2.28 Ba International Comparison

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

A considerable part of the laboratory's effort during
this quarter was devoted to participation in an international
comparison of activity measurements of 133sa sponsored
by the Bureau International des Poids et Mesures (BIPM).
133Ba decays via electron capture to four different low-
energy levels, and the substantial internal-conversion
coefficients of some of the y-ray transitions add to the
complexity. The purpose of the present comparison is to
examine the problem areas that are peculiar to the standard-
ization of this radionuclide, in anticipation of, and
preparation for a large-scale comparison at a later date. The
present comparison is restricted to ^ 6 participants, as was
a previous investigation (PR-P-129: 2.23; AECL-7328) which
revealed difficulties in long-term storage of solutions of
BaCX.2- During our recent experiments, the highest 4ir(PC)
efficiency observed was 83%, which is a significant improve-
ment over that obtained during the previous investigation.

To date we have examined the 4ir-proportional-counter
(PC) efficiency dependence in 4TT(PC)-Y coincidence counting
for four choices of y-channel gates and two counting gases
(methane and a mixture of 10% meth'ane in argon) with 13 sources.
The time spectra were observed to be different for the various
Y-channel gates. Our dual set of electronics (AECL-7253)
was employed in attempting to compare simultaneously results
from pairs of y-channel gates. However, our apparatus lacks
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sufficient sealer outputs to monitor the delay mismatch for
more than one 6-y pair at a time (AECL-7253), and thus the
results for one of a pair of y-channel gates are biased.

We consider an important criterion in selecting a
suitable Y-channel window is minimization of the slope for
the efficiency function (AECL-5562). Our choice is a window
from ^ 250 to 500 keV, which gives a slope of 0.00 + 0.02.
Other windows tested give slopes of from -0.27 to +0.49, and
the results from some of them are more adversely affected
by instabilities in the Y~ray discrimination levels. With
our method of random efficiency variation (AECL-5562), these
instabilities are translated into a statistical uncertainty
in the final result. Other methods which comprise incremental
decreases in efficiency could, with a drift in the y-channel
window, introduce a systematic error. Further study is planned
to help in understanding the data obtained from these recent
experiments.

2.29 Calibration of Microbalances

R.H. Martin

Considerable progress has been made toward recali-
bration of the sub-gram ranges of the Mettler ME22 and our
three M-5 balances that are used for accurate sampling of
solutions in the preparation of standards of radionuclides.
The calibrations are based upon a set of mass standards
directly traceable to the standard kilograms of the Bureau
International des Poids et Mesures (BIPM), the U.S. National
Bureau of Standards (NBS), and the Physikalisch Technische
Bundesanstalt (PTB). This set has been used as our primary
set of standards and applied hierarchically to the built-in-
set of weights of the ME22, thence to two sets of class M
sub-gram weights, and thence to the M-5 balances. Although
this procedure with its subsidiary tests involves many ( > 1500)
measurements, its advantages are that the wear and tear on
the primary set is minimized and a good secondary set is
established in a well protected environment, namely the
housing of the ME22. Except for the internal weight system
of one of the M-5 balances, all of the observations have now
been taken and the results computed. The precision is
consistent with overall specifications. In addition, the
optical scales of the M-5 balances have been tested. Two
balances give satisfactory performance up to 10 mg on their
scales, but a nonlinearity of ^ 10 yg was observed for one
balance (serial no. 222869) , which, therefore, will not be
useable for our most accurate work.
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2.30 Target Preparation Laboratory

J.L. Gallant and P. Dmytrenko

a) Carbon foil development: In addition to normal target
preparation for tandem experiments, development work was
completed on a method for the preparation of acetylene
used in the fabrication of 14c targets.

Several species of stripper foils were prepared for
the superconducting cyclotron foil test. Stripper foils were
also prepared for the terminal and the high-energy section of
the tandem accelerator.

b) Work done for other branches; Aluminum was deposited on
mylar epoxy sheets for the Instrument Development Branch.
Laser mirrors were gold-coated for the Physical Chemical
Branch.

Uranium fluoride was evaporated on both sides of
twenty-five aluminum plates for Dr. W. Knowles of the Neutron
and Solid State Physics Branch.

c) Work done for Universities, etc. Aluminum was deposited
on a radiation probe for J. O'Donnel, Point Lepreau Generating
Station, N.B. Several l^B Targets were prepared for
Prof. R..E. Azuma, Department of Physics, University of Toronto.

2.31 Hardware for the SCC Control System

R.L. Graham and R.B. Walker

Since our previous report (PR-P-131: 2.34; AECL-7510)
the changes in status of orders for CAMAC modules and other
hardware items needed to complete the control system for Phase
I are as follows:

ITEM

SPO CAMAC modules

NO.
REQUIRED

80

Input gate/ 250
output register
(IGOR) CAMAC modules

Fibre-optic-coupled 15
U-port adaptors

STATUS

50 ordered and due for delivery
by mid January 1982. 30 to be
ordered later.

order placed with GEC Canada
in Toronto

Six ordered from LeCroy - have
been manufactured but kept on
"engineering hold"; delivery will
not be made until these units are
modified to meet specifications.
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ITEM

Touch-panel units

Touch-panel
drivers

Colour TV monitors

NO.
REQUIRED STATUS

The seven new units are tested and
are acceptable. One of the earlier
units needs repair.

One of the recently delivered
units is intermittently defective
and may have to be returned to the
manufacturer for repair under
warranty.

Delivered and tested.

2.32 Universal Handshaking IGOR Interface

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

An interface unit is being developed to take full
advantage of the handshaking capabilities of the input gate/
output register (IGOR) CAMAC module (PR-P-130: 2.38; AECL-7408)
A wire-wrap version has been assembled, tested and de-bugged.
Two printed circuit boards have been designed by using the CAD
facility to handle the input and output circuits respectively.
Prototype boards on this design were made and tested
satisfactorily. Minor design revisions will be incorporated
before placing large orders.

2.33 Four-Module Prototype SCC Control Console

N. Burn and P. Hurley (NRX Reactor Branch), R.B. Walker,
W.F. Slater and R.L. Graham

Four segments of the prototype console (PR-P-130:
2.31; AECL-7408) have been delivered and installed in
building 137 near the present MP tandem control desk.
Installation of console devices (colour TV monitors, touch
panels, assignable knobs, etc.) is in progress. This interim
arrangement will be used to control some of the MP and SCC
machine parameters via the PDP-11/34 computer system until
the large SCC control console and PDP-11/44 computers in the
new control room become fully functional in 1983.

2.34 Computers for the SCC Control System

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

The control system for the superconducting cyclotron
requires two identical computers. One will be used for
dedicated on-line control; the other will normally be used
for off-line software development and testing of equipment.
Since software development can easily lead to software
"crashes", this cannot be done with the on-line computer.
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The off-line identical computer will also function as a back-
up for on-line control when the normally on-line computer
needs servicing.

The PDP-11/34 computer purchased in 1976 is now
obsolescent. Moreover experience here and elsewhere has
demonstrated that a larger memory is needed for efficient
operation. Thus instead of duplicating the 128 k PDP-11/34
as previously planned, two new PDP-11 computers will be
purchased with 256 k memories, which can, if needed, be
expanded to 512 k words. Two models meet our requirements,
the 11/44 and 11/70. The 11/44 is the favoured choice and
a specification is being prepared.

2.35 Progress on the Injection Beam Line for the SCC

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

Orders have been placed for the pre-tandem inflection
and Y-magnets and preliminary drawings have been completed
for the beam line between the ion source and MP Tandem. De-
tailed drawings of beam-line parts, such as bellows and drift
pieces, have been completed and will go to the shops in
January 1982.

The Phase I magnets and power supplies are
scheduled for delivery in mid June. An LI guadrupole magnet
has been field mapped and found to be satisfactory; the L2
type is also satisfactory and was found to be much better than
specifications in terms of harmonic content. The large
aperture guadrupcle types L5 and L6 must reach pole-tip fields
of 9 kG rather than 7.9 kG as originally specified. The
addition of extra iron to the poles did not achieve this and
therefore their power supplies have been upgraded to 200
from 180 amperes.

2.36 Progress on the Beam Transport Vacuum System for the SCC

H.R. Andrews, F.J. Sharp, A.S.C. Hyde and J.P.D. O'Dacre

The order for the valves required for the Phase I
beam transport system (BTS) has been placed and delivery
has begun on the order for pumps and vacuum gauges. Most
of the parts have arrived for the section controllers and
device controllers (sect. 2.38) and a quotation request
(closing Jan. 15, 1982) is out for their fabrication.
Parts are on order for the amplifier-set-point-fan-in
module; a prototype has not been completed because some
components have not yet been delivered.
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Work is progressing on the assignment of beam-line
rack space for vacuum controls, diagnostics, CAMAC, etc. The
interconnections among the vacuum-control system, multiplexer
system and safety systems are being finalized.

2.37 The Safety System for TASCC

G.C. Ball, J.C.D. Milton and N. Burn (NRX Reactor Branch)

The proposal for a Safety Interlock System (SIS)
based on the Burr-Brown data acquisition system has been
completed by C. Langlais and J.S. Barsczewski. This proposal,
with minor revisions, was approved unanimously by the SIS
committee and quotes for the various components have been
sent out. Th3 system should be ready for installation in
September 1982.

The revised submission to the AECB Accelerator
Safety Committee was approved at a meeting held on
December 9, 1981.

2.38 Controllers for the SCC Beam-Transport Vacuum System

F.J. Sharp

Prototype units for the Vacuum Section Controller
have been built and tested. A further unit has also been
built, which is modified to contain Random Access Memory (RAM)
in place of the Read Only Memory (ROM) normally installed.
The purpose of the RAM Vacuum Section Controller is to allow
changes to be made to the controllers software in situ. This
will allow us to analyze and test new software development for
the controllers, before committing it to a ROM based system.

Both the development and testing of these Vacuum
Section Controllers, Device Controllers and the Intersection
Valve Controllers have been completed. Requests for quotations
for the assembly of 20 Section Controllers, 60 Device
Controllers, 20 Intersection Valve Controllers and 20 System
Crates to hold these units has been sent to 6 outside firms.

2.39 Multiplexer Systems for the SCC Beam Diagnostics

F.J. Sharp

Two microprocessor-based Multiplexer Data Systems
have been ordered from Burr-Brown, these units will control
the selection of the Beam Profile Monitors, 4 Way Slits and
Faraday Cup Stations required for the monitoring and analysis
of the SCC beams. The Relay-Sequence Control Units required
for those Beam-Diagnostics Systems are now in the process
of being built by Nuclear Physics.
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A Stepper-Motor Control end Readout Unit has been
built for J.S. Forster. This unit allows the precise
positioning of a Crystal Detector on a 3 way axis, under
computer control.

2.40 Tandem Electronics for TASCC

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

A complete controlled low-energy steerer chassis
employing the recently developed Universal Handshaking IGOR
Interface (PR-P-130: 2.38; AECL-7408 and sect. 2.32) is
under construction. This chassis will provide the first
opportunity to gain "hands on" experience of beam optics
control through the computer interface.

The current monitor for use in the tandem terminal
(PR-P-130: 2.19; AECL-7408) has been installed for about
8 weeks. There have been no "in terminal" circuit failures,
but battery life has been disappointing.

Some re-design of the higher powered power supplies
in the ion injector of the tandem/SCC has become necessary
owing to the withdrawal from the market of a particular
servo motor employed in these units for several years.

2.41 Radiation Detection and Alarm System for the Tandem/
Cyclotron Project

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

Completion of the first low current D.C. amplifier/
trip circuit awaits only the arrival of a special low leakage
relay. Tests can then proceed as the ion chambers become
available. Fifteen of the dual purpose ionization detectors
have been ordered.

2.42 Laser Magnetic Resonance

D.R. Smith, J.S. Geiger and C.E. Brown

See PR-CMa-59: 3.3.2; AECL-7607.

2.43 BIC Signal Conditioning

G.A. Tapp with A.B. McDonald

See PR-P-132: 3.17; AECL-7605.

2.44 Accelerator Measurement of Carbon 14

R.M. Brown, W.J. Workman with H.R. Andrews, G.C. Ball,
J.C.D. Milton and N. Burn, Y. Imahori {NRX Reactor Branch)

See PR-HS-10: 3.12; AECL-7604
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2.45 Dependence of Heavy Ion Energy Loss on Foil Thickness

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

See PR-CMa-59: 1.2.1; AECL-7607

2.46 Publications, Reports and Lectures

a) Publications

THE g-FACTORS OF HIGH-SPIN ISOMERS IN 1 4 4' 1 4 6' 1 4 7 / 1 4 8Gd
P. Taras, 0. Hausser, W. Trautmann, D. Ward, T.K. Alexander,
H.R. Andrews, B. Haas and D. Horn
Proceedings of the Sixth European Physical Society Nuclear
Divisional Conference on the Structure of Medium-Heavy
Nuclei held in Rhodes, Greece, 1979 May 1-4.

THE ROLE OF BLOCKING LIFETIME MEASUREMENTS IN THE STUDY OF
HEAVY-ION-INDUCED FISSION
J.U. Andersen, A.S. Jensen, E. Laegsgaard, K.O. Nielsen,
J.S. Forster, I.V. Mitchell, D. Ward and W.M. Gibson
IAEA-SM-241/C7 "Physics and Chemistry of Fission 1979"
Vol. 1.

SPECTROSCOPY OF 2 0 4' 2 0 6' 2 0 8Rn AND THE SYSTEMATIC BEHAVIOUR
OF Z = 86 ISOTOPES
D. Horn, C. Baktash and c.J. Lister
Physical Review 24C (1981) 2136

EXPERIENCE WITH FOIL STRIPPERS IN THE CHALK RIVER MP TANDEM
ACCELERATOR
J.L. Gallant, D.J. Yaraskavitch, N. Burn, A.B. McDonald and
H.R. Andrews
Invited paper published in the Proceedings of the World
Conference of the International Nuclear Target Development
Society sponsored by New England Nuclear, held in Boston,
Massachusetts, 1979 October 1-3. Pfi.&pa.ia.tlon ofi Nucle.a.1
To.ftQe.ti ^01 Pan.tlc.lz Acce.le.ft.ato fLi, edited by Joze* Jakloviku,
p9. 17-2S. H

THE RECOVERY OF METALLIC MERCURY
J.L. Gallant
Published In the Proceedings of the World Conference of the
International Nuclear Target Development Society sponsored
by New England Nuclear, held in Boston, Massachusetts,
1979 October 1-3. VfLe.pafLa.tlan o£ Uaclzan. TafiQe.ti fan
Pan.tj.cle. Acce.le.fiato>Li, e.dlte.d by 3oze.fi Jaklov&ky, pg. 213-216.

EVIDENCE FOR ALPHA-CLUSTER STRUCTURE AT 12.9 MeV CM IN THE
12C + 1 60 SYSTEM
P. Taras, G.C. Ball, W.G. Davies, H.R. Andrews and B. Haas
Physics Letters 107B (1981) 35.



- 35 -

T = ^-DELAYED PROTON PRECURSORS (II) THE DECAYS OF 6 5Gez __
AND /JKr
J.C. Hardy, T. Faestermann, H. Schmeing, J.A. Macdonald,
H.R. Andrews, J.S. Geiger, R.L. Graham and K.P. Jackson
Nuclear Physics A371 (1981) 349-363.

b) Reports

NOBLE-GAS STANDARDS FOR CALIBRATION OF STACK-EFFLUENT
MONITORING SYSTEMS
J.S. Merritt, W.F. Merritt, L.V. Smith and A.R. Rutledge
AECL-7427, November 1981

c) Lectures

SOME TECHNIQUES IN TARGET PREPARATION FOR CHALK RIVER
NUCLEAR PHYSICS EXPERIMENTS
J.L. Gallant and P. Dmytrenko
Abstract submitted to the Conference of the International
Nuclear Target Development Society, Weizmann Institute of
Science, Rehovot, Kiryat, Anavim, Israel, held 1981
October 19-23.

RADIOISOTOPE STANDARDIZATION
J.S. Merritt
Invited Seminar presented at WNRE 1981 October 2.

RECENT DEVELOPMENTS RE STANDARDS OF RADIONUCLIDES
J.S. Merritt
Workshop on Analytical Chemistry Related to Canada's Nuclear
Industry, Ste. Jovite, Quebec, 1981 October 19-21.

FUTURE DIRECTIONS IN HEAVY ION PHYSICS
0. Hausser
Seminar presented at the Universite de Montreal, 1981
December 10.

THE CHALK RIVER ON-LINE ISOTOPE SEPARATOR: DESIGN AND
APPLICATIONS IN NUCLEAR PHYSICS
H. Schmeing
Seminar presented at Yale University, 1981 December 21.

TIME DEVELOPMENT OF HEAVY-ION INDUCED FISSION THROUGH
CRYSTAL BLOCKING TECHNIQUES AND COMPOUND NUCLEAR X-RAY
STUDIES
J.S. Forster
Colloquium presented at the University de Montreal, ,
1981 October 15. '
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The. 6olZouiÂ.ng ab&tiactA (tiefte submitted to the.
meeting oh the. kmzn.lc.an Phyilcat Soc.le.ty held In kt>iloma.n,

lilofinia. 1981 October. 2&-30:

LIFETIME MEASUREMENTS OF LEVELS IN 6Si AND (Mn/Mp) VALUES
FOR 26Mg
T.K. Alexander, G.C. Ball, J.S. Forster, W.G. Davies,
I.V. Mitchell and H.-B. Mak

SEARCH FOR THE SHAPE ISOMERIC GAMMA DECAY IN MUONIC URANIUM
A. Mireshghi and S.N. Kaplan (U. of Calif.), S. Ahmad, G.A. Beer,
J.A. Macdonald, A. Olin and B.H. Olaniji (U. of Victoria and
TRIUMF) and O. Hausser

MASS EXCESS OF 1 47Tb
R.L. Parks, S.T. Thornton (U. of Virginia), C.-A. Wiedner,
R. Gyufko and O. Hausser

Text of tha above lectures may not be available in print.
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BRANCH HEAD: G. Dolling

SECTION I

G.
W.J
T.M
S.M
C.P
B.M
E.C

Dolling
.Lc Buyers
. Holden
. Kim
. Martel
. Powell
. Svensson(l)

SECTION II

J.W
E.D
M.A

. Knowles

. Earle

. Lone

SECTION III

J.G .V. Taylor

GLASSBLOWING
J.G. Wesanko
D.A. Doering(3)

DESIGN

W. McAlpin
J. Dunn(4)

Technical Staff

SOLID STATE PHYSICS

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

NEUTRON NUCLEAR PHYSICS

R.N. King(2)
L.A. Milani
W.F. Mills

COUNTER DEVELOPMENT

M.A. Gulick
W.M. Inglis
G.A. Tapp
R.J. Toone

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

SECRETARIAL STAFF

A.M. VanDine

1. On leave of absence at BNL.
2. Terminated 1981 December 11.
3. Transferred from Chemical Operations to NSSP Branch, 1981

November 16.
4. Seconded from Design and Technical Service Branch.
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Observed by Transient Field Interaction in Thin

Ferromagnetic Gadolinium Foils
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3.30 Publications and Lectures
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3.2 Excitations and Diffuse Scattering from Sulphur
Hexafluoride
B.M. Powell and G. Dolling

A new series or experiments on sulphur hexafluoride
(SF6) in its high temperature plastic phase has been
initiated. A single crystal_of SF6 was grown and
maintained at 200 K, with (lTO) as the horizontal
scattering plane. Inelastic neutron scattering
measurements were made at low resolution (FWHM of vanadium
elastic scan = 0.21 THz) to search for phonon
excitations. No well-defined excitations were observed,
but extensive scattering is present for propagation
vectors along [100J and [111] . The broad distributions
observed for all propagation vectors suggest the existence
of an overdamped mode centred at zero frequency together
with another broad mode at low frequency (£,1 THz). It
seems probable that these have predominantly librational
and translational character, respectively.

Measurements were also made of the elastic scattering
in this crystal orientation. An "arc" of diffuse
scattering was observed at momentum transfer of
2.97 A"**, This agrees well with the broad peak observed
previously in measurements on polycrystalline SF6
(PR-P-126: 3.5; AECL-7055), but appears to be
qualitatively different from that seen previously in CBrt,
for example. Its implications for correlated librational
motions of SF6 molecules are not yet clear.

3.3 Lattice Dynamics of Lanthanum Hexaboride
G. Dolling, with H.G. Smith (Oak Ridge National
Laboratory)

A triple axis spectrometer (HB-3) located at the High
Flux Isotope Reactor at ORNL has been used to measure the
phonon dispersion relation in LaB6 at room temperature.
Modes with frequencies up to about 13 THz and propagating
along the [100], [110] and [111] directions in this cubic
crystal were measured: in conjunction with existing Raman
scattering data, these results will suffice to establish
an interatomic force model for this interesting metallic
compound. Kasuya et al. have suggested the existence of a
low frequency libratory mode of the B6 octahedra to
explain an observed heat capacity anomaly. Our results
indicate that there is no such mode, and that the anomaly
can probably be explained by the unusual frequency
dependence of the longitudinal and transverse

1 & = 0.1 nm
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modes which are almost degenerate over much of the
Brillouin zone. Force model calculations are now in
progress.

3.4 Analysis of Small Angle Scattering from Earthworm
Hemoglobin
P. Martel and B.M. Powell, with S.N. Vinogradov (Wayne
State University)

The results reported previously (PR-P-131: 3.13;
AECL-7510) have been analyzed in terms of several models.
In the initial calculations the hollow cylinder model
suggested by Pilz et al. (Int. J. Biol. Macromol. 2 (1980)
279) was found to provide a fairly good fit to the data.
However, better results were obtained by describing the
overall molecular shape as an aggregation of spherical
subunits having radii determined from the biochemical
results of Vinogradov et al. (Biochim. Biophys. Acta 492
(1977) 136). Structural changes in the molecule produced
by both heating and pH treatment could be easily assessed
using the latter model as a reference. The analysis
confirmed that exposure to alkaline pH does not affect
sensitivity to heat treatment. For a given decrease in
the ability of the hemoglobin to take up oxygen (as
measured by a decrease in Hill coefficient) the structural
change produced by heat treatment was found to be
significantly greater than that due to exposure to
alkaline pH.

3.5 Magnetic and Vibrational Inelastic Scattering in Uranium
Sulphide
T.M. Holden and W.J.L. Buyers, with J.A. Jackman
(University of Guelph) and P. de V. DuPlessis (Rand
Africaans University)

The measurements of the neutron scattering in US
previously described (PR-P-131: 3.11; AECL-7510) have been
completed. A knowledge of the phonon eigenvectors
obtained by fitting a rigid ion model to the phonon
dispersion relations has permitted us to obtain the
calibration factor between observed integrated intensity
and absolute differential scattering cross section.

The magnetic scattering from US at 4.2 K near the
zone centre is found to be fairly constant over a wide
frequency range (2-9 THz). Scans at (220) show that the
scattering persists up to 17 THz. The magnetic scattering
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decreases as the reduced wavevector increases. The
magnetic contribution was identified by comparing
measurements at the same reduced wavevector, but different
wavevector transfer. As the temperature is raised within
the ordered phase, there is a dramatic growth of a
magnetic component centred at zero frequency. In the
paramagnetic phase at 300 K (1.67 Tc) the magnetic
scattering centred on zero frequency remains strong
with a maximum intensity that decreases as the reduced
wavevector increases.

3.6 Crystal Field Effects in
T.M. Holden and W.J.L. Buyers, with L. deLong
(University of Kentucky)

Preliminary measurements have been maae of the
magnetic inelastic scattering from polycrystalline PrSn3
using both analyser units of the N5 spectrometer.
PrSn3 is antiferromagnetic below TN = 8.6 K with a
tetragonal unit cell (a,a,2a) in which the spins are
aligned along the z-axis and lie in (001) sheets. At
(aQ/2ir) = 1.12, which corresponds to the magnitude of the
(1,1/2,0) magnetic reciprocal lattice wavevector, no
neutron group was observed, but at aQ/2ir = 0.9, which lies
between the two lowest magnetic reciprocal lattice points,
a well-defined group was observed with frequency
0.46±0.04 THz. The latter neutron group is believed to
arise primarily from zone boundary crystal field
excitations; the absence of a group at aQ/2ir = 1.12 is
taken as evidence for a dispersion relation which falls to
low frequencies at the zone centre. The wavevector
dependence of the intensity of the group and the decrease
in frequency as the temperature is raised from 5 K to 7 K
both support the magnetic assignment.

Previous time-of-flight measurements (Gross et al. in
"Crystal Field Effects in Metals and Alloys" Ed. A. Furrer
(Plenum Press: New York) 1977 p.37) appeared to give an
excitation at 0.36 THz but the temperature and wavevector
were not specified. Experiments on non-magnetic
Lfeu.98Pr0.02Sn3 (M> Loewenhaupt in "Crystalline
Electric Field and Structural Effects in f-electron
systems". Eds. J.E. Crow, R.P. Guertin and T.W.
Mihailison (Plenum Press: New York) 1980, p. 589) reveal a
single frequency, 0.21 THz associated with the Vi to r,,
transition in Pr. This result, our value of the
zone-boundary frequency in the ordered material, and the
value of the ordered moment (2.65 uB) , are consistent
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with a crystal field scheme with X = - 0.95, W = 0.013 THz
and J(0) = 0.012 THz. Further scattering experiments with
a single crystal will be required for a more complete
understanding of the magnetism of PrSn3.

3.7 Deuteride Precipitates in Titanium Metal
B.M. Powell and G. Dolling, with C.E. Coleman ..
(Metallurgical Engineering Branch)

Neutron small-angle scattering studies have been made
at the 30-metre spectrometer, National Centre for Small
Angle Scattering Research at Oak Ridge National
Laboratory, on several CRNL samples of Ti metal containing
various amounts of TiD up to 270 ppm. Preliminary
analysis of the results indicates that the TiD exists as
small precipitates with a range of sizes between 100 and
800 AT The scattering is anisotropic, suggesting that the
precipitates are non-spherical, and depends strongly on
the type of heat treatment of each sample. The initial
experiments and analysis were carried out with the most
efficient assistance of the staff of the NCSASR. Further
analysis is in progress in an effort to derive the size
distribution function of the precipitates.

3.8 Preparation of Silicon Monochromators
G. Dolling and H.F. Nieman, with H.B. Mook and H.G. Smith
(Oak Ridge National Laboratory)

In view of the difficulty of finding a commercial
supplier of single crystal silicon nionochromators for
neutron spectrometry, a program of high pressure, high
temperature treatments of as-grown silicon crystals has
been initiated at Chalk River and Oak Ridge. Four discs
of Si, cut so that the (113) crystal planes were parallel
to the disc faces, were subjected to a series of
compressions in a vacuum furnace at ORNL, at pressures
between 7 and 17 MPa (1000-2500 p.s.i) and temperatures
between 1300° and 1375°C (the melting point is 1410°C).
The best conditions tried to date (17 MPa and 1340°C)
produced a monochromator with 0.15° mosaic (FWHM) and
«< 40% peak reflectivity for 1.5 fl neutrons. (These are
permanent changes in the crystal microstructure).

This most promising result indicates that pressures
of 25 to 35 MPa, not yet available at ORNL, will be
required to achieve fully satisfactory Si monochromators
with mosaic in the 0.25°-0.35° range. Further experiments



- 44 -

are planned using a high temperature vacuum press at the
Dept. of Energy, Mines and Resources, Ottawa. It is also
hoped to construct a suitable press at CRNL for this
purpose.

3.9 Temperature Dependence of Positron Annihilation in
Oriented Zinc Single Crystals
S.M. Kim and W.J.L. Buyers, with J.A. Jackman (University
of Guelph)

At present it is not clear whether prevacancy effects
(PR-P-107: 3.12; AECL-5226) are due to thermal expansion,
positron localization, or electronic effects such as
Umklapp processes. In order to investigate these
prevacancy mechanisms we have undertaken a
high-resolution, long-slit angular correlation experiment
to measure the temperature dependence of the positron
annihilation peak coincidence rate, from 100 K to 600 K,
and at key temperatures, the full angular distributions
along the [0001] and [lOlO] directions in zinc. The faces
of two single crystals of zinc were spark cut parallel to
the (0001) and (loXo) planes to within ± 1°, with the
assistance of A.F. Quenneville and M.H. Rainville
(PR-CMa-59: 1.51 and 1.52; AECL-7607). The temperature
dependence of the peak coincidence rate in the (0001)
crystal shows a distinct non-linear prevacancy region.
Preliminary measurements of the full angular curves at
95 K and 340 K reveal considerable smearing at the Fermi
momentum at 340 K indicating possible positron
localization at this temperature.

3.10 Vacancies in Thorium
S.M. Kim and W.J.L. Buyers, with J.A. Jackman (University
of Guelph)

Preliminary measurements have been made of the
positron angular correlation peak coincidence rate in
polycrystalline thorium. Results up to 900°C indicate a
vacancy-induced rise with a threshold temperature of
700+80°C corresponding to a vacancy formation energy of
1.26+0.10 eV.
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3.11 Improvements in the Performance of the Multi-wire Fission
Chamber
J.W. Knowles and R.N. King

The low energy range of photofission cross-section
measurement made at the fission threshold with the
bremsstrahlung monochromator at the University of Illinois
can be extended if the coincidence time constant between
the detector of bremsstrahlung electrons and the detector
of photofission events can be reduced. The most recent
measurement {PR-P-128: 3.9; AECL-7234] of the photofission
of 232Th puts the limit at - 0.01 fnr at 5.0 MeV. At
this limit the random coincidence counting rate, obtained
with a coincidence time constant of « 8 ns, was three
times the true coincidence counting rate. The time
constant is determined primarily by the rise-time of a
pulse, by the collection time (mobility) and by the
multiplication of electrons in the fission chamber. The
optimum rise-time has been achieved for a fission shamber
filled with isobutane at a pressure of 3.5 kPa (26 Torr)
and operated at a maximum of 650 volts (no improvement is
obtained by reducing the gas pressure in order to increase
ths electron mobility since this reduction necessitates a
lowering of voltage to prevent voltage breakdown). A
decrease in pulse rise-time can be obtained if the
breakdown voltage of the fission counter can be
increased. Recent measurements made on a test counter,
which includes three 50 wire fibre-boards and six 2 mg/cm2

thick target plates of ThO2, showed that the breakdown
voltage could be increased by 50% by inserting 25 um thick
Mylar strips between the fibre-boards similar to those
used previously to improve the operation of electron
wire-counters (PR-P-131: 3.18; AECL-7510). The test
counter, filled with isobutane at a pressure of 0.8 kPa
could sustain 600 volts without breakdown and gave a
coincidence time constant of ̂  3 ns. The large 72
fibre-board fission counter and its associated electrons,
used at the University of Illinois, are being modified to
take advantage of this improvement in timing.

3.12 Thick Target Neutron Yields from Pb(p,x)n and 7Li(p,x)n
Reactions at 100 MeV
M.A. Lone, with R.T. Jones, A. Okazaki and B.M. Townes
(Reactor Physics Branch)

The preliminary experimental results for a thick lead
target (Table 1, PR-P-131: 3.21; AECL-7510) have been
re-evaluated using the measured neutron self-shielding
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and gamma-ray absorption factors for the gold foils used
for measurements of the thermal neutron flux. The results
obtained using 0.25 mm foils are reduced by 10% while
those from the 0.05 mm foils are reduced by 2%. The
revised results are given in Table I.

TABLE I

Thick Target Neutron Yields from Pb(p,x)n Reaction at 100 Mev

Au Neutrons
Run # Foil Thickness Per Proton

(mm)

Peak Thermal
Neutron Flux

(n. cm"2. s"1. mA"1)

1

2

3

0.25

0.25

0.05

NMTC/MORSE(calculation)

0.32

0.34

0.35

0.36

8.5 x 10

8.7 X 10

9.4 x 10

10.4 x 10

12

12

12

12

In order to determine the neutron yield from
the 7Li(p,x)n reaction/ two irradiations were completed at the
McGill University Cyclotron, using a 99.995% enriched 7Li
target. In the first irradiation, a detailed measurement was
made of the azimuthal asymmetry in the thermal neutron flux about
the beam axis at various positions inside the 1.5 m diameter,
1.5 m height water bath (PR-P-130: 3.19; AECL-7408). In the
second irradiation, the neutron yield was measured by means of a
standard flux-plot. Au foil activity measurements and data
analysis of the results are in progress. Preliminary analysis
indicates that the neutron yield from a 7Li target is about a
factor of 3 lower than from a Pb target.
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3.13 Reactor Beam-Hole Use
G. Dolling and H.F. Nieman

The McMaster University spectrometers were shut down
for the period, as was the C-2 fast-neutron chopper. The
Guelph University spectrometer operated for 95% of the
period. Utilization at the other occupied beam holes was
as follows:

BEAM NO. OF NO. OF . NO. OF EFFICIENCY
HOLE EXPERIMENTS PARTICIPATING PARTICIPATING {% OF AVAILABLE

CRNL NON-CRNL REACTOR TIME
SCIENTISTS SCIENTISTS USED FOR

EXPERIMENTS)

1 0 80

2 1 50

2 3 93

3 0 68

1 0 40

2 5 65

Total reactor operating time was 80 days.

3.14 Neutron Source Study
T.M. Holden

A survey of intense neutron sources suitable for
condensed matter studies has been carried out. The
principal parameters for each source, including cost
figures where these are available, have been tabulated.
The usefulness of each kind of source (reactor- or
accelerator-based) for different neutron scattering
experiments is assessed. Completion of a report of the
survey findings is expected during the next quarter.

C-1

C-4

C-5

L-3

N-4

N-5

2

2

2

2

1

3
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3.15 Detector Servicing
R.J. Toone and G.A. Tapp

A high-purity Ge detector in Section II was blanking
out after counting for a few minutes at modest rates. It
was found that even though the resolution was not
significantly worsened, the leakage current had risen to
the point where a relatively low count rate was sufficient
to bias off the input FET. After consultation with the
manufacturer, the leakage current was reduced to an
acceptable level by cycling the detector between room
temperature and 77 K.

After a Nuclear Physics Branch detector was remounted
in a special geometry by the manufacturer it was scanned
with a gamma-ray source and slit collimator in three
perpendicular directions to determine its exact location
in the vacuum cryostat for use in a counter telescope.

3.16 Boron Ion Chamber(BIC)
R.J. Toone, G.A. Tapp, K.H. Whitlock, W.M. Inglis and
J.G.V. Taylor

Since the delivery in early December of stainless
steel and Zircaloy sheet as well as the 10B suspension,
the BIC project has progressed on several fronts.

The 320 x 320 x 0.25 mm stainless steel window has
been welded into the prototype module (PR-P-131: 3.24;
AECL-7510) and found to be He leak-tight. Although
satisfactory as a prototype, the window is not as taut and
ripple-free as hoped and alternative welding procedures
will be tried for future modules.

The new 10B suspension should be satisfactory;
microscopic examinations of sample smears detected no
particles with dimensions > > 2 pm (PR-P-131: 3.25;
AECL-7510).

The vacuum furnace for electrode baking has been
completed, tested, and found satisfactory (PR-P-131: 3.26;
AECL-7510). Four 0.25 mm thick stainless steel radiation
shields at 6 mm spacing were found sufficient to maintain
the walls below 50°C with no special cooling at a working
temperature of 350°C. A standard desk fan is sufficient
to keep the gasket and feed-throughs at 30°C. The
heaters built here are quite satisfactory.
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A set of 0.25 mm thick Zircaloy electrodes has been
punched; assembly techniques are being tested before any
are coated. This material is very flexible and it is
apparent that extra insulated spacers will be needed to
maintain accurate electrode spacing over the entire area.

3.17 BIC Signal Conditioning
G.A. Tapp, with A.B. McDonald (Nuclear Physics)

The BIC signal conditioning system is an adaptation
of a Los Alamos design. Each of up to 20 BIC modules will
have an independent, isolated, signal conditioning chain
consisting of a current-to-voltage convertor, a
voltage-to-frequency convertor, and an optical isolator
coupling the signal cable to the data acquisition system.
To maintain the required isolation, 60 power supplies are
required to power 40 individual units. Each unit will be
packaged in a separate NIM module. The printed circuit
boards have been redesigned to accommodate these isolation
and packaging needs and all components have been ordered.

3.18 Neutron Howitzer
W.M. Inglis

Apparatus is being designed to test the uniformity of
10B deposition on the BIC electrodes. It will consist of
an X-Y scanning arrangement, a collimated neutron source
and an alpha-particle detector. To maximize the
collimated thermal neutron yield from a Pu-Be source a
"neutron howitzer" has been constructed (Int. J. Appl.
Radiat. Isot. 1^ (1968) 541). It consists of a
cylindrical paraffin wax moderator with a re-entrant
well. The position of the source and depth of the well
are adjustable. Measurements are underway to optimize
these.

3.19 3He Line
W.M. Inglis, M.A. Gulick, R.J. Toone and J.G.V. Taylor

A new vacuum line for filling 3He counters is being
designed. The line now in use has a long (» 1 m).,
narrow (3 mm diameter) manifold (chosen to minimize
expensive 3He losses each time it is evacuated) that does
not allow fast pumping. The present system is
unnecessarily wasteful since an unsatisfactory filling
cannot be purified and recycled. Also the system has no
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compressor so that a fresh He cylinder is needed V7henever
the cylinder pressure falls below the required filling
pressure. The new design will attempt a balance of high
pumping speeds, small dead volumes/ convenience and
flexibility while providing for a purification loop and
gas compressor.

The design of an oil-free, bakable, He leak-tight
compressor with minimum dead volume has still to be chosen
from alternatives under consideration.

A capacitance transducer will be used for measuring
filling pressures. It has a range of 0-1.7 MPa and a
reproducibility of 0.1%. A digital readout for this unit
has been built and tested.

3.20 Miscellaneous Services
R.J. Toone and M.A. Gulick

A 10-cm diameter, by 10-cm long silicon crystal was
cut at a specified angle into eleven 8-mm thick slices for
Section I. A series of holes was drilled in
hemicylindrical alumina tiles for Reactor Loops Branch. A
thin (" 0.2 mm) glass window was made and installed to
repair a card reader in the Computation Centre.

3.21 Glassblowing Services
J.G. Wesanko, M.A. Gulick and D.A. Doering

A vacuum system and associated storage vessels for
handling OsC% has been constructed for Physical Chemistry
Branch. A water-cooled column of a newly modified design
for flow visualization and catalyst lifetime studies was
also made for this Branch.

For General Chemistry Branch a vacuum system for
oxygen isotope separation has been modified and apparatus
for the determination of NO in Xe was constructed.

Commercially manufactured headers broken in transit
have been repaired for the 99Mo Processing Facility and
other glass equipment supplied as required.
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3.22 Machine Shop Services
A.H. Hewitt, H.C. Spenceley and K.H. Whitlock

Building 459 machine shop work included construction
of an electron gun heater for the positron annihilation

U spectrometer, special gears for Mathematics and
:!| Computation Branch, stainless steel target holders for

i'A use at the Tandem Accelerator, and a tilted spacer for
'j increasing the angular range of goniometers.

; Building 116 shop effort was shared 60% by Nuclear
• Physics Branch, nearly all for ion-source components, 35%
}}, by Section III, mostly for the BIC project, and 5% by the
'•'" glassblowing shop.

~-<\ 3.23 Deuterium Photodisintegration - Parity Violation
.;' ,5 Experiment

%i E.D. Earle et al.

Ijl See PR-P-132: 2.2; AECL-7605

i- 3.24 Parity Mixing in 21Ne

E.D. Earle et al.

; See PR-P-132: 2,3; AECL-7605

f 3.25 Parallel Decay Branches of 151Dy at High Spin

M.A. Lone et al.

| See PR-P-132: 2.16; AECL-7605

| 3.26 The g-Factors of Collective States in Rare Earth Nuclei
C1 Observed by Transient Field Interaction in Thin
| Ferromagnetic Gadolinium Foils

r M.A. Lone et al.

I See PR-P-132: 2.17; AECL-7605

3.27 Lifetimes and g-Factors in N = 128, 130 Isotones

M.A. Lone et al.

See PR-P-132: 2.18; AECL-7605
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3.28 Gamma Decays in 1SQDy Observed with Compton-Suppressed
Ge(Li) Detectors

M.A. Lone et al.

See PR-P-132: 2.15; AECL-7605

3.29 Measurement of the Lifetimes of Levels of lf2Ti

M.A. Lone et a l .

See PR-P-132; 2.6; AECL-7605

3.30 Publications and Lectures

Publications

MAGNETIC CORRELATIONS IN DISORDERED Mnc2ni_cTe ALLOYS
T.M. Holden, G. Do l l ing , V. F. Sears , J. Furdyna and
G. Gir ia t
S o l . State Comm. _40 (1981) 281, AECL-7376

CHARACTERISTICS OF NEUTRONS FROM Be TARGET BOMBARDED WITH
PROTONS, DEUTERONS AND ALPHA PARTICLES
M.A. Lone, A . J . Ferguson and B.C. Robertson
Nucl . I n s t r . and Meth. 189 (1981) 515

L e c t u r e s

NEUTRON SCATTERING FOR THE ANALYSIS OF BIOLOGICAL
STRUCTURES
P. Martel
Wayne State University, Detroit, Michigan, U.S.A.
1981 October 20

SOLITONS IN ANTIFERROMAGNETIC CHAINS
W.J.L. Buyers
McMaster Univers i ty , Hamilton, Ontario
1981 October 28.

INTERMEDIATE VALENCY IN 4f AND 5f SYSTEMS
W.J.L. Buyers
CAP Fall Symposium, N.R.C., Ottawa
1981 November 7
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MAGNETIC EXCITATIONS AND LATTICE VIBRATIONS IN URANIUM
ROCK-SALT STRUCTURE COMPOUNDS
T.M. Holden, W.J.L. Buyers, E.C. Svensson, J.A. Jackmnan,
A.F. Murray, O. Vogt and P. de V. DuPlessis
27th Annual Conference on Magnetism and Magnetic
Materials, Atlanta, Georgia, U.S.A., 1981 November 10-13

MAGNETIC CORRELATIONS IN DISORDERED MncZn!_cTe ALLOYS
T.M. Holden, G. Dolling, V. Sears, J. Furdyna, and
G.Giriat
27th Annual Conference on Magnetism and Magnetic
Materials, Atlanta, Georgia, U.S.A., 1981 November 10-13

THE CONDENSATE FRACTION IN SUPERFLUID **He
E.C. Svensson
Seminar at the Courant Institute of Mathematical Science,
New York University, New York, U.S.A.
1981 November 20
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4.1 Staff

Branch Head: G.E. Lee-Whiting

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

Visitors

M. Couture (1)

Secretarial Staff

M.E. Carey

(1) NRC Post-Doctoral Fellow from McGill University;
joined branch 1980 December 01.
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4.2 Preparation of Effective Multigroup Cross Sections for Neutronic
Evaluations of DT-Fusion Reactor Blankets

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

Our neutronic evaluations of DT-fusion reactor blankets
so far have mainly used the effective multigroup cross sections
obtained from the ENDF/B-IV, point-cross-section, neutron-data
files by the data processing code SUPERTOG (PR-P-109 4.2 (AECL-
5508)). SUPERTOG is limited in its capabilities: it generates
for each interaction the weighted average of the cross section
of the interaction for each of the energy groups and the inter-
group neutron transfers in the limit/ effectively, of "infinite"
dilution of the nuclide in the medium. Thus the evaluation pro-
cedures used previously have not dealt adequately with interac-
tions at neutron energies corresponding to the low-lying nuclear
resonances where the magnitude of the cross sections can change
markedly over very narrow energy ranges (the resonance widths),
thereby possibly resulting in a decrease in the effectiveness of
the interaction due to "shielding" by other, similar nuclides
that may be present in the medium.

To deal with this inadequacy of the procedures, and
also because SUPERTOG is no longer being updated (it cannot, for
instance, process the newer ENDF/B-V neutron data files) we have
in the past few years moved in two directions; we have begun to
use the AMPX/VITAMIN-C neutron and gamma-ray library and have
also familiarized ourselves with a new data processing system
called NJOY (PR-P-117:5.9 (AECL-6177); PR-P-130.-5.15 (AECL-
7408)). The VITAMIN-C neutron library is based mostly on ENDF
/B-IV data; the associated AMPX code that puts the library into
the multigroup form suitable for use in the neutronics codes can
however derive "shielding" corrections for the cro?3S sections,
using either the Nordheim or Bondarenko formalisms. NJOY pro-
cesses the ENDF/B data directly, with a Bondarenko option for
"shielding" corrections. Multigroup, "shielded" cross sections
for many materials of interest in DT-fusion have now been
obtained using NJOY and ENDF/B-V data.

At this stage of our study of DT-fusion reactor systems
we believe that we have achieved one of the initial objectives
of the study, that of acquiring a capability for making reliable
neutronic evaluations of the systems. We have adapted and used
extensively two neutronics codes, ANISN (discrete ordinates;
PR-P-108:4.2 (AECL-5315)) and MORSE (Monte Carlo; PR-P-116:5.8
(A»3CL-6083)), that can handle a fairly broad range of system
geometries. Given access to ENDF/B point cross section data, or
the VITAMIN-C library, we can now generate what we consider to
be generally good multigroup data sets for input into the neu-
tronics code for system evaluations. Confidence in the evalua-
tions and their overall reliability can be ascertained by comp-
aring the results of the evaluations with the results obtained
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by others (particularly for benchmark problems) and with experi-
mental results, as has been fairly extensively done by us in the
past (PR-P-10C:4.2 (AECL-5315); PR-P-111:5.7 (AECL-5614);
PR-P-119:4.2 (AECL-6216); PR-P-125:4.2 (AECL-6956)).

4.3 A Program for the Analysis of Condensate Fraction Data

V.F. Sears

A program entitled FITNO has been written (with the
help of the nonlinear least squares routine MLSQQ in the AELIB
library) to fit a model of the temperature variation of the con-
densate fraction in superfluid He, i.e.

nQ(T) = no(O){l - (T/Tx)
a}

to values determined experimentally from (1) the static pair cor-
relation function and (2) the neutron inelastic scattering at
large momentum transfers. The program has been tested success-
fully and applied to available experimental n0 values; the
results will be described next quarter.

4.4 Verification of the Universality of Free Fall

V.F. Sears

Galileo's principle of the universality of free fall
asserts that all bodies in the same gravitational field fall
with the same acceleration. Koester (Phys. Rev. D 14(1976)907)
has suggested that a comparison of values of neutron scattering
lengths measured by neutron gravity refractometry with the cor-
responding values obtained by methods in which gravity plays a
negligible role can be used to verify this principle.

We have analysed Koester*s method and corrected a num-
ber of conceptual errors. However, these errors affect only the
justification of the method and not its validity. An analysis
of recent scattering length data confirms the universality of
free fall within a relative uncertainty of 3x10"**.

The importance of this method is that it verifies the
universality of free fall by, in effect, comparing the gravita-
tional acceleration of a neutron with that of a macroscopic test
body, i.e. for bodies whose masses differ by a factor of roughly
102~. The more conventional torsion balance methods verify the
principle much more precisely (within 1x10"12) but for bodies
which have the same mass and differ only in composition. Thus,
both methods are necessary to obtain a complete test of
Galileo's principle.
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4.5 Penetration of Heavy Ions in Solids

K.B. Winterbon

In the study of the combined effects of energy loss and
angular deflection in multiple scattering (PR-P-131:4.4 (AECL-
7150)) it remained to calculate mean energy loss at small impact
parameters. This has now been done by both binary-encounter and
dielectric methods; the results are in substantial agreement, and
give correct stopping powers when integrated, but differ from
some experimental results of Ishiwari (private communication,
through P. Sigmund), in which the variation of mean energy loss
with angle is about a factor of 5 higher. Work is continuing on
attempting to resolve this discrepancy.

Some further Doppler-shift-attenuation measurements
(PR-P-124:4.7 (AECL-6788)) have been made in Aarhus, using
unbacked target materials. These were needed to obtain elec-
tronic stopping powers for the target materials, to be used in
obtaining the electronic stopping powers for the backing
materials from the earlier data. In the process of analyzing
these, it was found to be necessary to modify the DSA program to
improve its stability and to allow an automatic search for bounds
on the stopping powers consistent with the measured mean Doppler
shift. The data have now been analyzed, but no conclusions have
yet been drawn.

4.6 Phases in Huclebn Structures

M. Harvey

During an extended visit to the State University of New
York (Stony Brook) two properties of nucleons and their excited
resonances which depend crucially on relative phases were
examined:

1. It has been suggested by G.E. Brown (private communication)
that the observed axial-vector current coupling constant
(gA) can only arise in the chiral (little) bag model if
there is a substantial (-20%) D-state admixture into the
predominantly S-state quark configuration of the nucleon
ground state. Such an admixture could only arise from a ten-
sor force and would imply a corresponding D-state admixture
into the A-resonant state. These D-state admixtures would
lead to an observable E2-electromagnetic transition between
the A and N, if the two D-state admixtures are Min-phase".
Calculations by Isgur, Karl and Koniuk (private communication
find the D-states to be "out-of-phase" and hence imply no
observable E2-transition - in agreement with experiment. A
schematic model by Brown indicates that the two D-states
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should actually be in-phase however, and this is backed up by
detailed calculations (assuming all operators involved are
hermitian) which have now been made. If this situation sur-
vives further tests, then there: must be an error in the calcu-
lation of Isgur et al. and, more significantly, failure to
observe the E2 transition is evidence of internal inconsis-
tency in the chiral-bag model.

2. Systematics of the baryon resonances have been shown, by Isgur
and Karl (Phys. Rev. D1J3( 1978) 4187, Dlf(1979)2653), to arise
from a quark model in which interactions between quarks are
restricted to a central confining term plus spin-spin and
spin-tensor terms. The spin dependence was assumed to arise
from the one-gluon exchange potential (OGEP). As pointed out
by Isgur and Karl however, the OGEP also contains a spin-orbit
term which, in the static approximation, completely destroys
their fits. The static approximation yields a spin-orbit
force which is odd under the permutation symmetry of the two
particle spins. On dropping this assumption, spin-orbit
terms can arise which have even spin symmetry. In addition,
the underlying Dirac field from the confinement yields an
effective, one-particle spin-orbit potential. Work in colla-
boration with the Stony Brook group has investigated whether
particular phases for the various spin-orbit forces can be
chosen in such a way that their contributions cancel in all
matrix elements involved in the spectra for negative-parity,
nucleon resonances. It is found that this is not possible.
The reason for the suppression of the spin-orbit forces from
the OGEP is thus still a mystery.

4.7 Centre of Mass Corrections in Bag Models

M. Harvey

The energy of a bag, made up from confined quarks, con-
tains a spurious contribution from the artificial confinement of
the centre-of-mass within the bag. The spurious energy is
usually subtracted from the total energy in a way analogous to
the removal of the centre-of-mass motion of nucleons in a
nucleus. The general structure of the correction is incorrect,
however, for light hadrons or for hadrons confined to little bags
where relativistic effects are important. The mass of a hadron
has been calculated with the correct, relativistic formulation.
Such a formalism shows, in certain circumstances, how the energy
of a bag can be made up entirely from the spurious energy i.e.
the hadron can have zero mass. These circumstances are appro-
priate for a pi-meson considered as a zero-mass Goldstone boson.
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4.8 Magnetic Moments in Closed-Shell-Plus-One Nuclei

I.S. Towner and F.C. Khanna

Magnetic moments of single-particle states in LS
closed-shell plus (or minus) one nuclei show small departures
from Schmidt values, which could arise from three sources:
(a) core polarisation (admixtures of 2p-lh and 3p-2h configura-
tions to the single-particle wavefunction contribute to magnetic
moments in second-order perturbation theory), (b) isobar cur-
rents (A-h states, although of smaller amplitude than core-
polarisation admixtures, contribute in first order; extension
to higher orders can be accommodated in the RPA approximation),
and (c) meson-exchange currents. Computations are being carried
out for each of these three effects; there is much mutual can-
cellation between them. Indeed, the small departures from
Schmidt values seem to be the result of fortuitous cancella-
tions. Isobar currents grow in importance as the mass of the
nucleus increases, since there is no Pauli blocking for the A
resonance and virtually all nucleons share in building up A-h
states•

4.9 Mixing and CP-Violation in the D°-DQ and B°-B° Systems

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

This is an extension of our previously reported studies
of the properties of the charmed and bottom mesons (PR-P-131:4.9
(AECL-7510)).

Presently the only known violation of CP (charge-con-
junction and parity) invariance occurs in the system of the
strange-meson pair K°-K°, discovered in 1964 by the 1980 Physics
Nobel Laureates Cronin and Pitch and their collaborators (J.
Christenson, J.W. Cronin, V.L. Pitch and R. Turlay, Phys. Rev.
Lett. 12(1964)138). The origin of CP violation, because of the
rarity of its occurrence, is not well understood. On the other
hand, its implications are profound: for example, it is
believed to be one of the necessary ingredients in the mechanism
leading from matter-antimatter symmetry in the early universe to
the absence of antimatter now observed.

The charmed and bottom pairs, D°-D° and B°-B°, are
analogs of the K°-K° system, formed by replacing the strange
quarks in the K°-K° system by corresponding charmed and bottom
quarks, respectively. As such they are good candidates for the
possible occurrence and detection of CP violation. A study of
mechanisms that could give rise to CP violation in the
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D°-D° and B°-B° systems has been initiated; calculations of the
effect have been started, assuming that i t is caused by a mixing
of two states resulting from second-order weak interactions.

4.10 Quark Center-of-Mass Motion in the MIT Bag

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

Work on this project (PR-P-131:4.10 (AECL-7510)) has
been continued; the results on pions and kaons are being written
up for publication.

4.11 Infrared Slavery

H.C. Lee and R.M. Woloshyn (TRIUMF)

Plausible arguments have been given by others for a
causal connection between the severe infrared singularities
occurring in quantum chromodynamics and the absence of free
quarks in nature. Confinement of quarks for this reason has
been termed infrared slavery. A more rigorous investigation of
such a relation was initiated during a recent visit of R.M.
Woloshyn to CRNL.

4.12 Modification of SUPERFISH

M. Couture

Work has continued on this problem (PR-P-130:4.7 (AECL-
7048) and PR-P-131:4.3 (AECL-7510)). A set of difference equa-
tions has been established and the part of SUPERFISH which eval-
uates the coefficients of these equations has been modified. We
are about to test these difference equations by comparing the
values of the fields obtained numerically with those obtained
analytically for the cases of a cylinder and a sphere. This
test does not involve the root-findings algorithm for determin-
ing the frequency; this algorithm has yet to be modified.

4.13 Superallowed 0+ •» 0+ 3-Decay

I .S . Towner and J.C. Hardy, V.T, Koslowsky (Nucl. Phys. Branch)

See PR-P-132:2.10 (AECL-7605).
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4.14 Reports, Publications, and Lectures

Reports

A REVIEW OF THE PROSPECTS FOR FUSION BREEDING OF FISSILE
MATERIALS - J.S. Geiger and G.A. Bartholomew, editors
Contributors: G.E. Lee-Whiting, S.A. Kushneriuk, F.C. Khanna,
V.F. Sears, K.B. Winterbon, H.C. Lee, I.S. Towner et al.
AECL-7259, 1981

Publications

FISSILE FUEL BREEDING IN DT FUSION REACTOR BLANKETS
S.A. Kushneriuk and P.Y. Wong, AECL-7424, 1981

NEW CURRENTS AT CHEER
L.M. Krauss, H.C. Lee, A.C. McPherson, and P.J. Watson
Can. J. Phys. _59(1981)1754

CALCULATION OF ELECTROPRODUCTION OF W BOSONS IN e-p COLLISIONS
IN THE WEIZSACKER-WILLIAMS APPROXIMATION
A.N. Kamal, J.N. Ng, and H.C. Lee
Phys. Rev. D24(1981)2842

Lectures

WEAK DECAYS OF MESONS
H.C. Lee
McGill Univ., Montreal, 1981 November 3

DECAYS OF IT+ AND K+ AND THE EFFECTIVE gq POTENTIAL
H.C. Lee
Univ. of Montreal, Montreal, 1981 November 5

PROPERTIES AND DECAYS OF CHARMED AND BOTTOM MESONS
H.C. Lee
Rutgers Univ., New Brunswick, New Jersey, 1981 November 18

AXIAL CHARGE IN NUCLEI
F.C. Khanna
McGill Univ., October 27, 1981

SYMMETRIES IN QUARK PHYSICS
(- a set of lectures given at the State University of New York,
Stony Brook during 19 Oct. - 18 Dec, 1981)
M. Harvey

QUARK ASPECTS OF THE NUCLEON-NUCLEON FORCE
Inv i t ed t a l k a t the I n t . Symp. on C l u s t e r i n g Phenomena in
N u c l e i , Tubingen, 1981 Sep t . 9-11
a l s o g iven as a seminar a t Rutgers Univ . , 1981 Dec. 14
M. Harvey
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D. McPherson
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5.1 Staff

Branch Head: D. McPherson

Section I: Systems

Head:
D. McPherson

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

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

Section II: Operations

Head:
B.B. Ostrom

Operations Supervisor:
P. McGandy

Operator Supervisor:
A.A. Laroche

Computer Operators:
K.J. Brown
R. Chinapen (1)
J.A. Guimond
CM. Hepburn
K.A. Livingston
M.A. MacDonald
J. Mackie (2)
D.A. Mooradian (3)
S. Parr
S. Shannon
M.T. Walker
N.E. Zinck

Services and Applications

Head:
J.M. Blair

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

Programmer/Analysts:
L.E. Evans (4)
C.A. Wills
P.Y. Wong

Programmers:
M.T. Boulanger
D. Cheung
G.L. Klawitter
E.G. Long
D.G. Stewart

Section IV: Special Systems

Head:
G.N. Williams

Programmer/Analysts:
M. Shaarani

Programmers:
J.H. Puttick (5)
R. Roiha

Secretarial Staff

G.J. Bateman
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(1) Temporary replacement for J. Mackie (see item 2 ) ; duties
commenced 1981 December 01.

(2) On maternity leave effective 1981 November 30.

(3) Transferred from Genera Services Division; duties
commenced 1981 October 1<.

(4) Attached half-time from the Office of the Director,
Physics Division, effective 1S81 October 01.

(5) Waterloo University Co-op student, terminated
1981 December 18.
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5.2 CDC 6600/CYBER 175 System

5.2.1 Operating System

D. McPherson and C.J. Tanner

Control statements to initiate the transfer of
files from a program executing on the 6600 or 175 to either
the CRNL 720 or the Sheridan Park 720 have been implemented
and are being tested exhaustively. In the near future these
programs will replace the more restrictive procedures currently
being used.

Programs which govern the transfer of queue files
between the 6600 and 175 - normally used for load levelling -
have been enhanced to handle correctly files to be trans-
ferred to the 720; such files may have to be moved automat-
ically between the computers depending on whether the 6600,
175, neither or both are currently in communication with
the 720.

5.2.2 Programming Languages and Utilities

5.2.2.1 APL

G.L. Klawitter

At the request of a group at the Engineering Company,
the feasibility of running APL programs on the 6600/175 system
is being investigated. APL is currently offered by CDC only
for the NOS operating system used on the 720's. However,
some projects for which APL has been used require computer
resources which strain the relatively slow 720, and at the
production stage would benefit greatly if the programs could
be run on the faster machines. An older version of APL has
been obtained which does run on the NOS/BE operating system
used on the 6600 and 175. APL files and functions have been
moved successfully between the NOS and NOS/BE versions, and
the compatibility of the two versions is being investigated.

5.2.3 Subroutine Libraries

5.2.3.1 AELIB Modifications

L.E. Evans and G.L. Klawitter

On 1981 December 9 the existing AELIB routines
SCALE, CONTOUR, PLOT, RELESE and ROUTE were modified to
resolve minor code problems.
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5.3.2 Interactive Procedures

G.N. Williams and J.H. Puttick

The set of interactive procedures available through
the 3300 terminal support system has been converted and
installed on both the CRNL and Sheridan Park 720fs.

5.3.3 Analysis of Nuclear Physics Data Tapes
Using the New CYBER 720
M. Shaarani and G.N. Williams

Nuclear Physics Branch requested that Mathematics
and Computation Branch demonstrate how the analysis of
nuclear physics data tapes, presently being carried out on
the PDP-10 computer, might be done on the new interactive
CYBER 720.

A demonstration task was agreed upon, and the
writing of the code to carry out this demonstration is well
underway. The coding is being done in FORTRAN 77 in as
standard a way as possible so that the programs being
developed can be transported easily to any other machine
supporting FORTRAN 77 with a minimum of difficulty.

5.4 Neutron Spectrometer Control System

5.4.1 PLOT Package for Neutron-Scattering Results

G.H. Keech

The PLOT program developed earlier and currently
in use plots on each graph page spectrometer counts data
that result from a single experimental run. It includes
subtraction of background counts with an input scaling factor
for two different monitor counts.

Users have requested a plot program which will
combine, in a very flexible but user-controlled fashion, data
from different experimental runs onto a single graph.

A routine has been written to decode user generalized
input control directives. Work is progressing on the complex
problem of choosing the appropriate independent variable,
selecting the range of values to be included on the graph, and
then properly summing the dependent variables with correct
scaling factors.
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5.2.3.2 Harwell Sparse Matrix Routines

D.G. Stewart

Four FORTRAN routines to solve a sparse system of
linear equations were received from the Harwell library.
These routines were altered to adhere to AELIB standards.
This included error checking, some additional documentation,
and a. writeup for AECL-6076. Programs were created to test
and output most error messages and an installation test was
created.

5.2.3.3 CIPLOT

M.T. Boulanger and C.A. Wills

A subroutine has been written to plot a specified
confidence interval for a fit in one independent variable
obtained by the AELIB routines PRFIT and POLREG. The original
data and fitted curve are also plotted. The confidence
interval may be for the fitted curve or for individual future
observations. The original fit may be weighted or unweighted.

5.2.4 Graphics

5.2.4.1 The MINIGRAPH Plotting Package

G.N. Williams and J.H. Puttick

The MINIGRAPH scientific and engineering graphing
package was mounted on three machines: the PDP-10 in
Nuclear Physics Branch, and PDP-11 machines in Neutron
and Solid State Physics Branch and Reactor Physics Branch.

A seminar will be given soon to announce the
general availability of the package.

5.3 CDC CYBER 170/720 System

5.3.1 CYBER 720 to 6600/175 Communications

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

Corrections for the remaining major errors in the
CDC-provided program for communicating between the NOS/BE
operating system and the NOS operating system have been made
and are being tested. It is expected that the corrected
versions will be installed during 1982 January.

During the quarter, the communications package was
extended so that the 720 now communicates symmetrically and
concurrently with both the 6600 and 175.
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Changes have been made in the default options used
by the current "single run/graph" program. A more elaborate
technique is used to select the range of counts to be
plotted. This involves deciding which data, both high and
low, need not be plotted.

A system fault, source unknown, damaged about 40%
of the files on our PLOT disc. Source files have been re-
created from program listings.

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

P.Y. Wong and W.N. Selander

Transient analyses of loss of moderator pumping and
loss of end shield coolant pumping have been completed. The
analyses were made for channel geometries at the end of 30
years of reactor operation. Results of the analyses have
been reported to AECL-EC. A final report is being written.

5.6 Rapid Approximations for the Bickley Function Ki3(x)

C.A. Wills and J.M. Blair

As a continuation of the work described in PR-P-131,
5.13, AECL-7510, a set of rational minimax approximations to
the Bickley function Ki3(x) with accuracy 8S has been
constructed. To cover the full range of the argument 57
sub-ranges were used, the end points of which were taken to
be multiples of 0.0625. The approximation chosen for each
range gives an accuracy of 8S with the sum of the numerator
and denominator degree being 4 or less. The highest range for
the argument requires a higher degree rational approximation
if an accuracy of 8S is required, and also the coding of the
square root and exponential functions in-line.

A subroutine was written to return the value of
Ki3(x) for any argument to be used by the WIMS (Winfrith
Improved Multi-Group Scheme) code. In order to efficiently
determine the correct approximation to be used for any
argument, the argument is multiplied by 16 (=1/0.0625) and
the truncated integer portion of the result used as an
index to an array. The array element selected gives the
label where the appropriate approximation is coded.

To avoid cancellation it is necessary to use the
Minimal Newton Form for the numerator of approximations in
the range [0.75,2.8125) and for both the numerator and
denominator of approximations in the range [2.8125,15.0625).
For arguments greater than or equal to 15.0625, the value
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returned for Ki3(x) is 0 as accuracy in this range was found
to be unnecessary in the WIMS code. The subroutine takes an
average of 13 us to return a value for any argument. This
results in a saving of 12% of the CP time over the original
WIMS code. Placing this code in-line rather than calling a
subroutine results in a saving of 31% of the CP time. As a
comparison, using the AELIB subroutine AKI3 requires 73%
more CP time than the original WIMS code.

5.7 Stress Analysis Programs

5.7.1 STARDYNE - General

S.B. Baset and D. Cheung

A new release (September 01/81 G Level) of
STARDYNE was installed on the CRNL computer system and
became the running version as of 1981 December 21. This
release involved minor fixes and enhancements.

5.7.2 STARDYNE - Plotting Options

S.B. Baset

An option has been added to the STARSYS procedure
to convert the STARDYNE standard plot file into a Neutral
Picture file (NPPILE) ready for transmission to the
Engineering Company CYBER 720 computer.

5.7.3 MARC - General

S.B. Baset and D. Cheung

The new version of MARC-J2 was received from MARC
Analysis Research Corporation in 1981 December. This
version is believed to be more reliable than the current
version (MARC-J1) and features several enhancements intended
to make the program easier to use. Compilation and testing
of the program is expected to last through 1982 January, and
the program will be ready for public release in 1982 February.

5.7.4 MARC - Applications

S.B. Baset

The applicability of the MARC program to specific
problems, requested by several users, has been demonstrated.
The evaluation of the J-integral used in calculating the
stress intensity factor in fracture mechanics was performed
as requested by C. Coleman of the Metallurgical Engineering
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Branch. S.R. MacEwen of the Materials Science Branch has
been using MARC to simulate the plastic deformation of a
polycrystalline aggregate when the yield surface of the
individual crystals is very anisotropic. The utilization of
the heat transfer capability of MARC to solve analogous
problems of flow in porous media has been demonstrated to
G. Moltyaner of the Environmental Research Branch. Finally,
the creep capability of MARC was demonstrated to H. Vogt of
the Engineering Company in his study concerning the temp-
erature effects on the creep behaviour of the 950 MWe Shield
Tank Support System.

5.7.5 TPIPE - General

S.B. Baset

The source program of TPIPE - Version 4.4 has been
received from PMB Systems Engineering Incorporated. An
error in the memory management subroutine XRFL, which resulted
in the failure of any bench mark problem, was discovered.
The error has been reported to PMB, who have not provided a
fix to date.

5.7.6 TPIPE - Plotting Options

S.B. Baset

An option has been added to the TPIPEPROC procedure
to convert the standard CALCOMP plot file to a Neutral Picture
file (NPFILE) ready for transmission to the Engineering
Company CYBER 720 computer.

5.8 Information Handling Programs

5.8.1 CRNL Standards Index Program (SIP)

M.T. Boulanger

The CRNL Standards Index Program maintains a
file containing current and obsolete standards, which may be
listed in report form. File management has been changed
from Scope Indexed Sequential (SIS) to CYBER Record Manager
(CRM). SIP was first written in COBOL4 and has been converted
to compile under COBOL5.
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5.8.2 Program to Create File Labels

M.T. Boulanger

A magnetic tape was prepared containing data for
the new Color Coding Piling System requested by the Medical
Branch. A COBOL program has been written to read data from
the personnel master file and copy required information onto
tape. The tape was sent to Pathfinder Systems Design Ltd.
of Ottawa.

5.9 Data Reduction and Analysis

5.9.1 Data Processing System for Analysis of
Fuel Defect Experiments - SUMRT Changes

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

A change was made to the geometry factor calcula-
tion for the sweep gas spectrometer. The equation now used
is:

Pi + P2/(lnE-p3) + P
e (a+O.OOlEb)

where E is the energy of the nuclide in kev
Pir P2, P3, p<t are values defined as before for the

large and small detectors, regardless
of the collimator

a and b are defined as follows:

detector collimator a b

small
small
large
large

large
small
large
small

1.0
5.33
1.0
4.27

G
-1
0
-1

.0

.0
• '"
.0

Sweep gas spectra from before 1980 December 27 are
assumed to have been counted with both diodes and the large
collimator. Those from 1980 December 27 to 1981 August 1 are
assumed to have been counted with the small diode and the
large collimator. Spectra on or after 1981 August 1 are
assumed to be counted with the small collimator. The first
digit of the first miscellaneous parameter indicates which
detector was used.

Plots starting on the first of a month during
Daylight Saving Time are now correctly labelled.
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5.9.2 Analysis of Airborne Releases

C.A. Wills and D.F. Dixon (Chalk River
Environmental Authority)

Weekly data for the calendar year 1980 has been
analyzed for 13*I release from Buildings 206 and 234, and
release of noble gases from Building 206. All three of
these data sets appear to follow a log-normal distribution.
The data sets for release of 1 3 li and noble gases from
Building 206 contain five and two values respectively
which are much larger than the rest. There is also a
possible population split in the data set of 1 3 1i release
from Building 234 with two values being slightly higher than
the rest. The remaining values, due to "normal" weekly
operations, were approximated by three log-normal
distributions.

5.9.3 Rupture Strain of Zircaloy Cladding in Steam

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

The best fitting equation which could be found for
the strain data reported in PR-P-131, 5.14.3, AECL-7510, was

e=e(T-1137.72+0.00005.499 (T-1137.22) 3J (o.00015655-°'°°34371j

* (0.74976 + 0.076559 cos oi + 0.14778 cos 8 cu - 0.90182 cos

where e is strain
H is heat rate in K/s
to = 0.0022439 T
T is temperature in K

A better fit would be obtained if more data was available at
high temperatures for H=5 and H=100 K/s.

5.9.4 Statistical Analysis of the Ultrasonic Inspection
of Pickering Unit 2 in 1976

C.A. Wills and B.A. Cheadle (Metallurgical
Engineering Branch)

Of the 780 ends of pressure tubes in the Pickering 2
reactor, 72 were examined and none were found to be cracked.
From this, the probability that none of the 780 ends of
pressure tubes are cracked was calculated to lie between
0.000548 and 1.0. Another method of analysis gives the 95%
confidence interval for the total number of cracked tubes
to be [0,42].
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5.10 Operations

5.10.1 New Magnetic Tape System

B.B. Ostrom

The installation of a 67X magnetic tape system
during the period increased from 12 to 16 the number of
magnetic tape drives available.

In addition to reducing the wait time for magnetic
tape mounts due to insufficient drives, the 67X gives us
6250 bpi recording capacity.

5.10.2 Benchmark Jobs for Cost Comparison

E.A. Okazaki

A set of benchmark cases was run on the 175 and
the 6600 at CRNL and at CYBERNET, in order to compare the
accounting figures at CRNL with the charges at a commercial
computing centre. The figures from these runs were used to
determine a formula for estimating CYBERNET cost if jobs
similar to those run at CRNL had been run there. The formula
was applied to Engineering Company jobs run at CRNL during
1981 September. The CRNL cost was found to be 55% of the
estimated cost of running those jobs at CYBERNET.
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5.10.3 Computer Use by Division

The following table is
processed during the quarter:

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

& University Relations
Health Sciences
Chemistry & Materials
Physics

Number

1216
50
887

34146
2400

36477
2098

568
4386
3903
8941

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

1026

17189
13936
850
2524
4296

132
77
611

3194
0

220
17

an analysis

of Jobs

(0.87%)
(0.04%)
(0.64%)

(24.54%)
(1.72%)

(26.22%)
(1.51%)

(0.41%)
(3.15%)
(2.81%)
(6.43%)

(0.74%)

(12.35%)
(10.02%)
(0.61%)
(1.81%)
(3.09%)

(0.09%)
(0.06%)
(0.44%)
(2.30%)
(0.00%)
(0.16%)
(0.01%)

of the jobs

Utilization
System

32292
188
5540

1921344
128581

377051
41757

15672
125230
297487
452875

82906

653521
350088
6074

81120
193505

74
2158
7198

182309
25

1041
219

Seconds

(0.65%)
(0.00%)
(0.11%)
(38.75%)
(2.59%)

(7.60%)
(0.84%)

(0.32%)
(2.53%)
(6.00%)
(9.13%)

(1.67%)

(13.18%)
(7.06%)
(0.12%)
(1.64%)
(3.90%)

(0.00%)
(0.04%)
(0.15%)
(3.68%)
(0.00%)
(0.02%)
(0.00%)

139144 4958256
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5.11 Reports, Publications and Lectures

Reports

AECL-6076 Rev. C, AELIB USERS1 MANUAL
L.E. Evans and G.L. Klawitter
1981 October

AECL-7428, SAMPLING FROM THE NORMAL AND EXPONENTIAL
DISTRIBUTION
K.R. Chaplin (University of Waterloo) and C.A. Wills
1981 November

AECL-7601, USER'S GUIDE FOR GRAAS VERSION 3.0
C.A. Wills
1981 December

Publications

COMPUTING CENTRE NEWSLETTER, Vol. 8, Nos. 10, 11 and 12
E.A. Okazaki, Editor

Lectures

COMPUTER CONSULTING SERVICE AT CHALK RIVER NUCLEAR
LABORATORIES
L.E. Evans and G.L. Klawitter
Los Alamos' National Laboratory, New Mexico
1981 October 15

INTRODUCTION TO FORTRAN 77
Algonquin College of Applied Arts and Technology, Continuing
Education Course
CRNL, 1981 October 13 through 1982 January.

STRUCTURAL MECHANICS IN NUCLEAR REACTORS
S.B. Baset
University of Waterloo, 1981 November 23

RATIONAL CHEBYSHEV APPROXIMATIONS FOR THE BESSEL FUNCTIONS
J 0(x), J ^ x ) , Y Q(x), and Yjfx)

C.A. Wills, J.M. Blair and P.L. Ragde
Canadian Mathematics Society Winter Meeting, Victoria, BC
1981 December 11-13
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ACCELERATOR PHYSICS BRANCH

by

J.H. Ormrod

6.1 Staff

6.2 Nuclear Power Applications

6.2.1 High Current Proton Accelerator
6.2.2 Electron Test Accelerator

6.3 Research Applications

6.3.1 Fast Intense Neutron Source

6.3.2 Heavy-Ion Superconducting Cyclotron

6.4 Mechanical Laboratory

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

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

BRANCH HEAD: J.H. Ormrod

Professional Staff

C.B.
J.C.

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

C.R.J.
J.A.
R.M.

J.-P.
J.

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

Bigham
Brown
Chan
Chidley
de Jong
Fraser
Funk
Heighway
Hepburn
Hodge
Hoffmann
Hulbert
Hutcheon
Labrie
McKeown
McMichael
Schneider
Schriber
Shubaly
Ungrin

(1)
(2)

(3)
(4)

(5)

Technical Staff

M.W.
R.T.F.

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

Beale
Bird
Birney
Burton
Campbell
Clements
Coulas
Dobbs
Gillies
Hohban
Jones
Kidner
McGregor
Metivier
Michel
Milks
Mouris
Plato
Vokes
Weeden

(6)

Mechanical Laboratory

J.E. Anderchek
R.J. Bakewell
R.J. Kelly
R.J. Klatt
D.W. Warren
J.F. Weaver

Laboratory Services

K.T. McKee
J.J. Murphy (7)

Secretarial Staff

M.A. Trecartin

(1) Retired 1981 October 30.
(2) Posted to GSI, Darmstadt, West Germany, 1981 July 13.
(3) Transferred to Office of Director, Research,

1981 October 1.
(4) Retired 1981 October 30.
(5) Joined Branch 1981 November 16 (previously here as

Attached Staff from Université de Montréal).
(6) Waterloo Student, resigned 1981 December 24.
(7) Retired 1981 October 30.
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6.2 Nuclear Power Applications

6.2.1 High Current Proton Accelerator

S.O. Schriber

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

6.2.1.1 Ion Source and Injector Development

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

Development of the high-current reflex-arc ion
sources and injector systems continues. Using a cusp-enhanced
duoPIGatron plasma generator and a thirteen hole plasma aper-
ture plate/ proton beams in excess of 320 mA at 42 keV have
been transported to the proton beam dump on ITE.

6.2.1.1.1 Ion Source Test Stand (ISTS)

Modifications have been made to the program that
analyzes the paper tape from the Emittance Measuring Unit con-
troller. The modifications were necessary to reject bad data
points, and to ignore incorrect characters on the paper tape.
A 50 keV, 100 mA regulated high-voltage supply has been
received and commissioned.

6.2.1.1.2 Injector Test Experiment (ITE)

A new roughing pump was installed, replacing the old
pump that had been rebuilt. This has greatly reduced oil con-
tamination in the test stand. The beam dump calorimeters have
been checked and give good relative power measurements of the
beam components. However, total absolute power measurements
from the calorimeter are consistently 40 to 50 per cent less
than the total power extracted from the high voltage power
supply. The origin of this discrepancy is being investigated.

6.2.1.1.3 High Current Ion Source

Optimization of the proton fraction from the simple
(without cusps) duoPIGatron source is continuing with a study
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of gaps, apertures and biases. Decreasing the gap between the
intermediate electrode and the first anode improves proton
fraction, but, for gaps of less than 1.25 mm, stability is
poor. A gap spacing of 2 mm is used at present. As the anode
aperture diameter is decreased, the proton fraction decreases.
For large apertures, arc stability is poor and gas consumption
is excessive. Best operation has been achieved with a 7.5 mm
diameter anode aperture. Changing the ratio of currents to th
two anodes in the plasma generator results in changes in the
stable (noise free) operating range and both the average and
the radial distribution of the proton fraction. The amount of
bias to the plasma aperture plate also affects arc stability
and proton fraction. The proton fraction, averaged over seven
apertures and corrected for neutralization effects,is 45%.
These studies are continuing.

Tests of the cusp-enhanced duoPIGatron are con-
tinuing. Initial comparisons between a short (5 cm length) and
a long (10 cm length) axial cusp electrode show that a higher
proton fraction (0.55) is attained with the long cusp when
other arc operating conditions are the same. However, the arc
efficiency is low since a 39 A arc is necessary to get this
proton fraction. Studies on improving the arc efficiency and
the proton fraction are continuing.

Using the cusp-enhanced duoPIGatron plasma generator
with a 10 cm long, 6 cm diameter cusp electrode and a 13 hole
plasma aperture plate, 850 mA totnl current was extracted at 42
kV. The proton current delivered to the proton beam dump was
greater than 320 mA.

6.2.1.1.4 Beam Transport

The proton beam 80 cm downstream from the beam
analyzing magnet is visible when the vacuum pressure near the
dump is greater than 1 mPa. The beam was initially defocused
vertically and over-focused horizontally. By adjusting the
entrance and exit angles of magnet pole faces, the beam was
focused equally in both directions. Under these conditions,
the beam is nearly parallel with a diameter of about 17 mm.
New magnet pole faces are being designed for more uniform
focusing than is available from the present faces.

Relative power measurements taken with the bending
magnet indicate that, at the background gas pressures required
for efficient space charge neutralization (4-6 mPa), more than
15% of the beam is converted to neutral atoms. This not only
will increase the required extracted current, but also will
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increase beam spill in the following RFQ accelerating
structure.

6.2.1.1.5 Injector Design

The injector concept using excess gas flow and a
neutralizer tube to provide proton current variability over a
10:1 range relied on dumping a small fraction of the beam (less
than is dumped during normal full current operation) in the
RFQ. A new concept that provides proton current variability
from zero to full current has been tested and verified. The
current variability is achieved by running the plasma generator
on a gas mixture (H2 and Ar) and varying the fraction of the
two gases. This concept also reduces the total extracted
current when running low proton current. Finding the right
path through the plasma generator operating space (arc current,
coil current, Ar flow, H 2 flow) to provide the desired proton
current and maintain a matched beam is difficult, but operation
is very stable once the proper parameters are set. An apparent
added benefit is that trace amounts of argon seem to enhance
the proton fraction.

6.2.1.2 Code Development

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

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

6.2.1.2.1 PARMILA, PARMTBQ and Design Codes

The problem of passing incorrect parameters to the
OUTPUT subroutines from the PARTRAN subroutine has been
corrected. This permits any of the OUTPUT subroutines to be
called after any element in the low or high energy beam
transport line. Cyber Control Language (CCL) procedures have
been written to return output files to the 720 computer system
where they can be edited with XEDIT or TEDI. In this way,
terminal users can search for critical parameters without
having to list the whole file and thus can significantly
improve turnaround.
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6.2.1.2.2 BEAM

The emittance calculation has been modified to
provide values for both rms and total emittance. The model for
space charge neutralization by background gas is being reformu-
lated to correct the error discovered previously, and to pro-
vide a better simulation.

6.2 .1 .2 .3 SUPERFISII

Work on a temperature post-processor code for
SUPERFISH has started with the assistance of R.H. Holsinger of
Field Effects Inc. Rf power losses to the cavity walls will be
used as input to determine temperatures in metal regions.
Different boundary conditions, different metals and a radial
variation of the thermal conductivity coefficient will be
included. An attempt will also be made to estimate frequency
shifts associated with temperature changes.

6.2.1.2.4 LOOP

A program called LOOP that calculates mode
frequencies, quality factors, relative cavity fields, relative
cavity powers, relative cavity phases and drive impedance has
been installed on the computing system. It is based on RLC
coupled loop circuit theory and accelerating structure
definitions. The program can treat uni-, bi- and tri-periodic
systems with different end cell terminations including a system
in which the Nth cavity is coupled to the first cavity.
Bridging cavities, couplings to second neighbours and random or
programmed variations to all parameters are included in the
options.

The program LOOP will determine structure parameters
for any mode of an N cavity coupled system. Input of
impedances from single cavity calculations (such as from
SUPERFISH) allows the user to determine rf powers in all
cavities of a coupled system and to determine the effect of
changes to input parameters. Multiple drives are included as
well as an algorithm for cavity drives from beam bunches
traversing a coupled structure. A user's manual is being
prepared.

6.2.1.2.5 General

A High Current Workshop held October 28-30 at CRNL
v/as devoted to a discussion of particle beam dynamics codes and
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their suitability for predicting characteristics of acceler-
ators operating near their space charge limits. The pro-
ceedings of the workshop will be published in the near future.

The microprocessor-controlled bead puller has been
installed on a model Alvarez tank. The dc motor and repaired
chart recorder were received and commissioned. A bead-travel,
limit-switch system using optical sensors and tabs on the bead
support thread loop has been developed and installed. Software
development to further expand the system capabilities, and com-
missioning of the real-time clock and cassette tape drives,
continues.

6.2.1.3 High Current Test Facility

J.C. Brown and J. Ungrin

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

6.2.1.3.1 Injector

Injector operation this quarter was limited to one
low current (1 mA) run to provide bea<n for the Alvarez linac.

6.2.1.J.2 Rf Systems

The heat exchanger and purification components of the
freon cooling system were relocated. Associated piping changes
were completed to provide floor space for the resonant load
installation. The shell side of the heat exchanger was
inspected to assess the extent of fouling and the mild steel
tube bundle was found to be fully packed with rust and silt.
Only the outer two rows of tubes could be properly cleaned
because the tube packing was too tight to allow a steam tube to
penetrate deeply. Chemical cleaning was not attempted because
of the risk of opening holes in deep pits and enhancing
corrosion of freshly exposed clean surfaces. To prolong life
of the existing bundle, the shell side will be drained and
backfilled with nitrogen when it is not being used.

Installation of instrumentation and control facili-
ties to permit operation of the rf systems from the control
room was completed. Both the buncher and main rf system have
been operated satisfactorily into their resonant loads. Some
minor upgrading was completed - the primary wiring of the



- 84 -

tetrode filament power supply was replaced to correct a
transient fault, the low level stage interlocking control
circuits were overhauled and a separate power source installed
to correct excessive indicator lamp failures.

A new printed circuit board has been designed for the
AFC units and both of the existing units will be modified to
incorporate the new board.

6.2.1.3.3 Alvarez Tank

The Alvarez tank was operated with beam for one short
period early in the quarter to test tank performance with the
modified coupling loop. Operation was suspended to permit
changes in the rf cooling system required for the high pov;er
resonant load. Renewed beam tests are not planned until
arrival of the beam energy analyzing magnet system scheduled
for mid-February.

Vacuum components with improved cooling have been
completed to replace the beam line section from the second
bending magnet to the buncher cavity.

6.2.1.3.4 Modular DC Power Supply Facility

This facility consists of four high voltage high
current dc power supplies in Bldg. 467 with a total capacity of
2.8 MW.

As reported in PR-P-130; 6.2.1.3.4 (AECL-7408), the
primary vacuum contacters were to be moved indoors to increase
reliability and improve serviceability during winter. During
spring shutdowns, those for module A were relocated and part of
the wiring for modules B and C was installed. In a four-week
shutdown beginning mid-October, the primary switches for
modules B, C and D were relocated. This completes the reorgan-
ization of the modular power supply physical arrangement.
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6.2.1.4 Zero Energy Breeder Accelerator

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

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

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

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

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



- 86 -

6.2.1.4.1 Radio-Frequency Quadrupole

Measurements continue on a 500 MHz four-vane RFQ
cavity built from 57S aluminum with provisions for changing
vanes and adjusting the end wall. Field measurements with
slots on the ends of the vane have shown that the ideal slot
angle to produce flat fields along the RFQ length is in the
range of 45-60°. Measurements have also shown that there is a
small acceptable range for location of the end plate relative
to the vanes and for associated gaps between the tuning bars
and vanes. The sensitivity of relative quadrant fields and
longitudinal field shape to these gaps has been measured for
several beam hole apertures. The smaller the aperture, the
more sensitive the structure is to small changes in tuning and
location of the vanes.

The RFQ accelerator is most efficient (i.e., has
minimum length and minimum power dissipation for a given
current capability) at a particular vane surface field. A
typical RFQ for high current proton beams has an optimum vane
surface field that is above the limitation imposed by sparking
so the best design approach would be to use the highest
possible field. An investigation of design and geometry
effects on surface fields has shown some aspects to be con-
sidered in an RFQ design.

The maximum gradient for which a high duty factor
system can be safely designed is not known. Until further
experiments have been done, the value 1.75 times the Kilpatrick
limit has been assumed. (This is 15% lower than the accepted
value for pulsed, low-duty-cycle systems.)

For an RFQ with voltage V between vanes and a mean
aperture radius ro, the maximum vane surface field will be
(V/ro)F where F is an enhancement factor that depends on the
vane geometry. To maximize the accelerating gradient
(proportional to V) the geometry should be chosen to keep F
small. In present designs the vane tips have a radius of
curvature equal to the aperture leading to F = 1.355 for an
unmodulated vane. For a slowly modulated vane (i.e., f3X >>
ro) the same value for F is obtained. With a more rapidly
modulated vane F is larger for two reasons: (a) the radius of
curvature in the longitudinal direction is reduced, and (b) the
minimum spacing between poles is reduced. In a typical design
F may be increased 25% primarily due to the reduced spacing.
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Two methods are available to increase the spacing:
make the transverse radius of curvature less (and decrease F
for the unmodulated as well as the modulated case), and distort
the shape of the modulation. These changes increase the higher
multipole components of the aperture rf fields with an
associated 10 to 15% reduction in F.

Preliminary SUPERFISH calculations of geometries with
four quadrants have shown that to obtain quadrant fields within
5% of each other, the following must be satisfied:

a) Vane tip position tolerance/outer radius < 0.001
b) Outer radius tolerance/outer radius < 0.002
c) Vane thickness tolerance/outer radius < 0.004
d) Vane displacement tolerance/outer radius < 0.001

This was for an aperture radius/outer radius ratio
that was rather large - 0.1. Calculations that are underway
for smaller ratios indicate that the tolerances become more
stringent.

SUPERFISH cannot model the finite length RFQ with
various end terminations, so a theoretical lumped circuit model
of an RFQ is being developed that includes the effects of end
tuners. The lumped circuit model shown in Fig. 6.2.1 (a) is
only applicable because the vane gaps are small relative to the
free space wavelength, thus a lumped capacitance may be associ-
ated with each vane-to-vane and tuner-to-vane gap and both may
be approximately calculated from standard formulae. The physi-
cal dimensions (circumference) of all current loops are also
small compared to the free space wavelength and can be cal-
culated from the formula for a single turn long solenoid,
although here the approximation by a lumped inductance is not
nearly as good.

The D PQ must be terminated by an end wall that forms
a current path between the vanes. The calculation of this
inductance is the least accurate part of the modeling. The
present RFQ's use end tuners which protrude from the end wall
out toward the vane tips - forming a capacitive gap which is
easily modeled.

The resultant end wall and tuning plunger model is
shown in Fig. 6.2.1 (b), where the points A, B, C and D must be
joined to similar points on Fig. 6.2.1 (a) to form the complete
model. A further refinement to the model has been to add
mutual inductance between each quadrant and its adjacent end
tuner inductances. The geonretry dictates a positive sign for
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(a) (b)

Pig. 6.2.1 Lumped circuit equivalent of a finite length
RFQ with end tuners and terminations. The
points A, B, C, D on the two figures are
joined. Points A, B, C, D in (2) are
equivalent to vane tips.
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the coupling constant, but the magnitude is not readily
deduced.

The model should not be expected to predict accurate
frequencies but only percentage changes produced by varying
some physical dimension. The model's general characteristics
are being checked by comparison with published measurements of
the Japanese group of Nakanishi et al. on an accurately machined
cold test model. Preliminary comparisons have established the
following model characteristics as correct:

(1) Moving the end plate out (away from the vane) lowers both
the quadrupole and dipole frequencies.

(2) Moving the tuners closer to the vane tips lowers both the
quadrupole and dipole frequencies.

(3) Displacing a single vane laterally a small amount
reproduces the measured trend of relative quadrant field
changes for the quadrupole mode.

Manufacture of the RFQ "sparker" cavity is pro-
gressing satisfactorily. The four water cooled sides for the
sparker box have been brazed and leak checked. Stays are being
added to these assemblies to strengthen them. There will be
some delay in further brazing operations caused by insulation
work on the roof "of Bldg. 429.

An improved design of a low-power RFQ model has been
roughed out. Considerable effort was put into tuner designs
since a full length manifold is not being considered.

A preliminary design for a 108 MHz RFQ tank was sent
out for cost estimates. The estimates are not complete but
will exceed $0.6 M.

6.2.1.4.2 Two Beta Lambda Alvarez Tank (2BLAT)

Based on suggestions made at the High Current Work-
shop at CRNL (1981 October 28-30), the 2BLAT design is being
revised to improve the input beam match and increase the ratio
of beam bore hole radius to beam size.

The minimum diameter for drift tubes in a linac is
usually determined by the size of the quadrupole electromagnets
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that must be packaged within the drift tubes. The recent
improvements in permanent magnet materials for quadrupole
magnets permit a 30-40% reduction in the drift tube diameter
and result in a 15-20% increase in ZT2. The decrease in
drift tube size alters the coupling between the drift tube and
post-couplers that are used to stabilize the accelerating
field.

Problems in achieving field stabilization have been
encountered on the New England Nuclear 200 MHz 45 MeV linac
where 9 cm diameter drift tubes containing permanent magnet
quadrupoles are being used. The source of their problems is
unclear, but may be related to the decreased drift tube size.
(At the operating frequency of 200 MHz drift tube diameters are
typically 15 cm.) Post-coupler stabilization measurements have
been completed on a 22 cell, 50 cm diameter, aluminum Alvarez
model tank with a drift tube diameter equivalent to 18 cm at
200 MHz. New drift tubes, that have besn designed for easy
machining to reduced diameters, are being fabricated for this
tank to permit investigation of post-coupler stabilization of
the on-axis field as a function of drift tube diameter.

A 480 MHz aluminum model of the last six cells of the
268 MHz 2BLAT tank has been built and the effects of tuners and
cavity openings on the operating frequency have been measured.
For the cylindrical tank without drift tubes, treating the
tuners as a volume reducing element predicts a 530 kHz
frequency increase per cm of tuner penetration. The measured
value is 500 kHz, in good agreement. For the tank with drift
tubes mounted and for which no simple calculation can be made,
the measured frequency increase is reduced to ^ 240 kHz/cm.
Frequency decreases of 1.1 MHz and 4.0 MHz are produced on the
model by the coupling loop (scaled to a 23 cm diameter line)
and the drift tube suspension slot, respectively. Measurements
continue on alternative slot geometries.

Any alignment errors of the quadrupole fields in a
drift tube linac can have a large effect on beam transmission.
A magnet mounting cradle was constructed and the centres and
axial orientation of the five permanent magnets to be used in
the first five 2BLAT drift tubes were measured relative to a
reference line defined by a Taylor-Hobson optical telescope.
The magnetic centres and relative magnetic axis were determined
using the Cotton-Moulton effect with two fixed cross polarizers
mounted at either end of the magnet cradle. The maximum
difference between the location of the centres and the
reference line was 0.1 mm. The orientations of the magnetic
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axes for the five magnets were measured to be within 1° of each
other.

6.2.1.4.3 Resonant Load

All of the shell openings for flanged ports have been
bored. After the water jacket is removed to clean out chips,
all remaining welding will be completed. The tank should be
completed by February. Tuner parts have been machined and are
currently being brazed. A work order has been issued for the
drift tube and post coupler.

Preparations for installation of the resonant load
are continuing. The load will be driven by the CWPL rf system
and only a small amount of additional instrumentation is
required to accumulate and process data. Status indication and
fault prcv.ection will be provided by the existing alarm panel
with a temporary relisting of inputs. A small number of com-
puter data logging channels will be temporarily re-allocated to
provide control room status information and hard copy record.

An alarm patch panel, vacuum monitoring panel and 20
channel temperature control unit have been constructed although
the latter has not been tested. The tank ion pump has been
overhauled and its controller modified to provide a computer
logging input. The flow monitoring panel has been modified to
accommodate the low frequency paddle wheel flow sensors which
are now on hand.

6.2.1.4.4 Control System

Because of its complexity, and the high beam power
levels, the ZEBRA accelerator will require a sophisticated con-
trol system. In addition, extensive beam and machine diag-
nostics will be required. A survey of modern computer control
systems in both the accelerator and fusion fields indicate that
a distributed control system is the best choice. The
modularity in the hardware and software will ease development
and maintenance and will allow the control system to grow with
the accelerator. This type of control system requires a well-
defined communication network between the separate control com-
puters; a number of network protocols are under development
elsewhere and are being examined here for their applicability
to the ZEBRA control system.

Initial tests of the control system v/ill be made on
the RFQ1 experiment. The first computer will control the
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injector and will include an operator interface and data logger
for local variables. The second control computer will be a
higher level control system with color graphics displays that
will be able to communicate with the injector controller and
with diagnostics on the beam line. Software development is
i.derway on this first computer and initial tests will be made
on the Ion Source Test Stand and on the Injector Test Experi-
ment.

6.2.1.5 Coupled-Cavity Structures

J.D. Hepburn, R.M. Hutcheon and S.O. Schriber

Developments in coupled-cavity structures may lead to
significant- improvements in operation, ease of fabrication, and
costs for a high power accelerator. Properties of new coupled
structures can be assessed with pulsed systems without the
introduction of the extra constraint associated with cw oper-
ation. The facilities previously used for the 25 MeV therapy
double-pass accelerator program have been modified for testing
structures. Commissioning of the pulsed klystron rf system and
mounting of an on-axis coupled accelerating structure is in
progress. The structure will be used to accelerate electrons
and assess beam loading transients and minimize output spectral
characteristics.

6.2.1.5.1 Disk-and-Washer Structure

A disk-and-washer structure offers many advantages
as an accelerator. Aluminum disk-and-washer cavities that
were used at KEK in Japan to determine radial support
characteristics at 2.5 GHz have arrived and are being used to
continue studies on radial supports.

6.2.1.5.2 Electron Gun

Use of the double-pass accelerator concept requires
an electron gun design that allows passage of the returning
electron beam. A system using a 90° electrostatic inflector of
the low-energy beam had been developed, and successfully used
on an accelerator. Some final test-bench measurements of the
injection system are now required in the gun test room. A
vacuum can allowing installation of the 90° system on an
emittance measuring unit has been completed. The system is
installed and under vacuum; electrical hook-up is in progress,
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5.2.2 Electron Test Accelerator

J. McKeown

This 4 MeV accelerator is used for accelerator
physics studies with coupled-cavity structures at high average
beam current and heavy beam loading. Ai extension to house the
third tank also provides facilities for user-groups and an
irradiation facility is almost complete. Commissioning of the
system will begin early in the new year.

6.2.2.1 Accelerator Extension

J. McKeown

Construction is well advanced with 74 of the 8f>
blocks for the tunnel already made and most of these are in
place. Tunnel services which penetrate the shielding are air
conditioning ducts, wave guide runs, water pipes for the waste
water target and a low pressure drain for the irradiation
facility window. These service lines run between the blocks
and the consequent voids are filled with small concrete blocks,
lead blocks and lead wool. The floor loading specification at
the 90° bend was met by constructing a specially, reinforced
block which was supported by a reinforced concrete column
poured in situ.

The major beam line components are now in place as
shown in the two photographs Pig. 6.2.2 and Fig. 6.2.3 taken on
December 2 just before the roof blocks were installed. Fig.
6.2.2 shows a view of the main tunnel and Fig. 6.2.3 shows the
extension. As the first 45° dipole is dispersive, energy
selection is possible at the quadrupole by adjusting specially
designed high power slits. The jaws of the slits have now been
made and partial assembly shows that the design for electrical
isolation is successful. They await final assembly and tests
of the motor drive and position readout. The alignment of the
other major beam line components is in progress.

6.2.2.2 Injection Beam Dynamics

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

In the past, beam tuning of the ETA has been largely
empirical. The best transmission obtained is 70% and although
this figure is in rough agreement with calculations using the
LINGUN code, excessive beam spill at the bridge of Model 4
remains unexplained. Efforts have been made to improve the
injection beam dynamics on several occasions in the past one



Fig. 6.2.2 Photograph of the main accelerator tunnel taken after the first 45° bend.
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Fig. 6.2.3 Photograph of the tunnel extension with the main components in place.
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and a half years. For example, the transverse beam emittance
after the buncher was measured and as a result a new buncher
with a larger aperture is being constructed (PR-P-128, 6.2.2.1;
AECL-7234). The electron trajectory code, PARMELA, has been
used for simulation studies of the ETA injection line and will
now be complemented by the SLAC computer code, GUN5, which
simulates the beam dynamics inside an electron gun.

There is now a greater interest in the injection beam
dynamics because a new electron gun is being built capable of
producing electron pulses with a peak current of 10 A of 5 ns
duration at a repetition rate up to 5 kHz. The injection of
these pulses will pose a definite challenge because of the
strong space charge forces. This new gun is being acquired
jointly with the Institute of Particle Physics for studying
beam cavity interaction with very large electron bunches. The
mechanical construction of the gun has begun and the pulser
which controls the gun has been contracted. The completion
date is scheduled for the summer of 1982,, Beam dynamics cal-
culations with the new gun are underway. Preliminary results
are as follows:

(1) Using GUNS, the calculated transverse emittance at the gun
output is 30 x 10~3 ir n^C-mm. This agrees with
recent measurements at SLAC.

(2) The best bunching efficiency is 30%.

(3) To control space charge blowup along the drift distances
before and after bunching, a solenoid field of 15 mT and
350 mT is required respectively.

The new buncher is complete and its installation in
the beam line is scheduled to follow the first beam test of
Model 5. The tuner allows a frequency range between 803.7 and
806.9 MHz with a rate of frequency shift of 21 kHz/s. The
required frequency resolution of 1 kHz corresponds to a linear
displacement of the plunger of 0.01 mm which is greater than
the mechanical backlash of the drive system.

6.2.2.3 High Power Pancake-Coupled Structure (Model 5)

J. McKeown, with H. Hatton (Applied Mathematics
Branch)

This structure has been installed in the east-west
extension of the tunnel following the 90° bend. The Model 3
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cool/ing system has sufficient capacity to cool this structure
and/feeds from the six cooling lines just before the entrance
to yModel 3 provide independent radial and circumferential flow.
Two pneumatic control valves have also been installed in the
ti/nnel so that experiments on fast temperature control can be
antinued.

Mathematical modeling of the performance of coupled
cavity structures at high average power has begun using the
CRNL finite element code MARC. MARC provides, among other
things, elastic, large displacement, buckling and heat transfer
analysis capabilities which have been used extensively in
reactor studies to investigate the behaviour of reactor fuel at
various power densities. A similar and in some ways less
powerful code DOT has been used at CERN in their structure
design. A mesh has been generated for the Model 5 structure
and temperature distributions have been determined at 100 kW,
with and without radial flow. The surface power density
distribution at 100 kW of the five cell structure was derived
from previous SUPERFISH runs. In Pig. 6.2.4 the shaded area is
constrained to be isothermal at 32°C, the inlet water temperat-
ure, and the remaining surface is surrounded by a perfect
insulator. When the constraint at the left boundary is
removed, Fig. 6.2.5, signifying circumferential cooling alone,
a dramatic increase in the temperature near the nose leads to
frequency shifts which could at some point cause serious
detuning. A more realistic representation of radial cooling
than the isothermal boundary is being studied. The code has
also been used to determine dimensional changes arising from
temperature distributions in the operating cavities of the
electron-positron ring, LEP, proposed for CERN and work is
planned to study these effects by introducing the displacements
to SUP12RFISH to calculate the frequency shifts. Ultimately the
model will be used to compare frequency shifts of the Model 5
structure as a function of power; a successful model will
facilitate the design of high gradient cw structures at high
frequency.

6.2.2.4 Beam Diagnostics

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

The non-intercepting beam position monitor has been
redesigned to yield the fourth harmonic beam intensity, phase,
x and y positions. The monitor comprises two cavities, one for
the TMQIQ mode and the other for the TMj^o modes,
both resonant at 3.22 Gllr. Six such monitors are required for
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Nose

Pig. 6.2.4 Calculated isothermals for the web of the
Model 5 cavity with 20 kw dissipation per
cell and with both circumferential and
radial cooling.
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Pig. 6.2.5 Calculated isothermals for the web of the
Model 5 cavity with 20 kW dissipation per
cell and with only circumferential cooling.
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a feedback control of the beam transport. Drawings of an
aluminum prototype have been submitted to the machine shop.

A preliminary design of a system to handle the
signals from the beam monitors has been completed. It consists
of a set of rf passive components and a microprocessor system
for data manipulation. An 805 MHz reference signal will be
picked up from the buncher, fed to a times-four multiplier at a
central location, then distributed to identical electronic
circuits located close to the individual beam position
monitors.

For every monitor, the beam current will be
determined by detecting the magnitude of the signal from the
™010 cavity with a crystal detector. The phase of the
current will be measured by comparing this signal with the
reference signal in a double-balanced mixer. The analog IF
output of the mixer is a function of the phase of the current
with respect to the buncher phase. The pair of orthogonal
signals from the TMIJQ cavity will be measured by double-
balanced mixers, giving analog signals proportional to the
products of the currents and the displacements with appropriate
signs.

These analog signals will be sent to a central micro-
processor system which contains all the calibration infor-
mation. The final computed outputs from the microprocessor
system will be values of the beam current, phase, and the
displacements. These outputs, in the form of analog signals,
will be used for display and inputs to ETACON. A decision on
the choice of microprocessor system has not yet been made.

6.2.2.5 Computer

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

The ETA analog input system has been reconfigured to
accommodate Model 5 and the extended beam transport lines.
Many analog lines were either reassigned or moved to a new
analog multiplexor expected to arrive in January.

Digital I/O lines were added to drive new bipolar
power supplies for the beam transport elements.

The Computer Product I/O Expander was successfully
tested using modified drivers and device control blocks.
Changes have been made to the operating system (RTOS R06) to
accommodate the new analog multiplexor and the I/O expander.
A new version, RTOS R07, has been established on disk and used
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successfully to test the new I/O expander. Extensive modifi-
cations resulting from the reconfiguration have been made to
the existing application software. The Disk Task Common and
the Core Task Common were expanded and relocated. Essential
programs are being reassembled and recompiled.

A program called DISPLA has been written to display
on the OWL terminal histograms of readings from analog lines.
The program can either display beam spills along a selected
beam line or, as shown in Fig. 6.2.6, the voltage on any
selected analog line.

6.3 Research Applications

6.3.1 Fast Intense Neutron Source

J.D. Hepburn

Collaboration with the Health Physics Branch on
development of a 4 x 10^2 n/s, 14 MeV neutron source
continued

New shims for the main beam-analyzing magnet were
fabricated, installed, and tested. They were required to
increase the beam spot size on target, thereby reducing beam
power density and increasing the current threshold above which
excessive outgassing of the tritiated target occurs. The shims
improved the maximum allowable operating current from 5 mA D +

beam on target to 8 mA (at 300 kV). At these relatively low
currents the accelerator operates very stably. System
experiments have been halted until the present tritiated
targets are no longer useful for neutron production. A new
target drum design is ready for tritiation and testing.

6.3.2 Heavy-Ion Superconducting Cyclotron

J.H. Ormrod and J.A. Hulbert

Design and development of a superconducting cyclotron
for a post-tandem accelerator continues. The radio-frequency
accelerating system is being installed in the magnet in
preparation for integrated tests.
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Fig. 6.2.6 Typical output from program DISPLA.
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6.3.2.1 Cryogenic System

J.A. Hulbert

6.3.2.1.1 Helium Liquefier

The liquefier has now been operating continuously,
keeping the magnet coil superconducting since the end of
February 1981. Towards the end of the current quarter two
independent mechanical failures caused short interruptions.
The first was a piston seal leak on # 2 engine. This seal had
been run for over 11900 hours, a remarkable life for a sliding
O-ring seal at over 1 MPa differential. The second stop was
necessitated by excess wear on the resleeved crank pin on # 1
engine. The wear is caused by the failure of the pin bearing
to rotate freely under load and suggests that a redesign of
this bearing would be advisable.

The operating and maintenance experience with the
present liquefier shows that for the required system
availability, additional equipment will be necessary. Three
quotations have been received for the supply OJ. ̂  second
liquefier and are being reviewed.

6.3.2.1.2 Transfer Tube Development

A number of layouts have been considered for
incorporating the second liquefier into the cryogenic system.
The most simple to operate would have a common pure gas source
with two independent circulation systems. The only other
section common to the two liquefiers would be the magnet
cryostat and its transfer lines. A bayonet-coupled transfer
tee has been designed, fully radiation-shielded, for
permanently coupling each cryostat cold line to the two
liquefiers. A pair of valves at the shield flow exhaust are
all that has to be added to the existing cold box controls to
enable one liquefier to be substituted by the other, at will.

Flexible stainless steel tubing for constructing the
prototype shielded transfer line has been received and is being
fitted with couplings for preliminary mechanical and vacuum
tests.

6.3.2.1.3 Instrumentation

Instrumentation for computer interfacing the
cryogenic system can be divided into two groups: 1) data
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gathering, 2) action generating. Over the past months a number
of NIM modules have been developed in prototype form fulfilling
the requirements for both groups. These modules couple to the
CAMAC highway of the computer control system via three CAMAC
module types:

a) Dual 26-bit input gate with pulse outputs
(SPO) [Kinetic 3426]

b) 32 input differential ADC
(ADC) [LeCroy 2232]

c) Stepping motor controller/driver
(SMC) [Joerger SMC-L].

One sub-unit of the data gathering system is shown in
Fig. 6.3.1. Sensors are coupled to the appropriate type of
quadrupole conditioning amplifier (Q*A). Three versions of Q*A
have been developed. Each provides for four independent
unipolar inputs and the main pc board is common to all
versions. The QSA contains bridge balancing circuitry for
strain gauges, the QTA includes current sourcing for silicon
pressure transducers, and the QOA has direct coupled
djLfferentTal inputs for sensor systems with voltage outputs.

O-itputs are conditioned to the range 0-10 volts to
match the ADC CAMAC module and with each output are associated
two HTL level status bit signals. One status bit detects
whether a sensor is coupled to the Q*A input. The other can be
used to detect a preset output limit level. Each Q*A occupies
a single width NIM module.

The amplifier and status outputs from a total of 8
Q*A units are sorted and sent to the appropriate ADC and SPO
modules through an Amplifier Output Coupler (AOC). The triple
NIM module containing the AOC uses the pulse outputs from the
SPO's which detect the status bits, in two utility circuits,
housed in the same module chassis. One circuit contains two
refreshable timers with standard interlock outputs. These
CRS's (computer refreshed switches) serve as a local means of
checking that the computer is still actively controlling the
system and car. be used to initiate an orderly shutdown if the
computer link fails. The other utility circuit can actuate and
deactivate the NIM bin power supply.

The action generating modules are shown
diagrammatically in Fig. 6.3.2. The basic unit is the *VO, or
valve operator. The logic circuitry is common to each *VO, the
differences between valve operators being in the valve drive
circuitry. At present, modules exist for dc drivfen 'valves'
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Fig, 6.3.1 Cryogenic instrumentation. Block schematic of
modules of a data gathering sub-unit.
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(DVO), ac driven 'valves' (AVO) and motorized on-off valves
(MVO). The MVO can have an internal rechargeable battery for
safe operation in the event of a power failure.

Each *VO has four interlock connectors and four
status bit outputs. Three interlocks are self-resetting on
restoration of the interlock 'true' condition. The fourth
interlock switch may be wired to lock out following a 'false'
condition and then must be reset by a local switch or by an SPO
pulse. The interlock signal may be either 'active' (i.e. an
externally maintained voltage) or 'passive' (i.e. completion of
a loop circuit).

The status bits signal: 'valve o f f , 'valve on1, '3
resetting interlocks "true"', 'locking out interlock "true"'.
If it is required to interlock one valve to another a "local
status extractor" (LSX) module is connected into the valve
drive cable. The LSX module contains a power ac switch and an
interlock driver and can be used to operate a local alarm and
an interlock circuit from either state of any one of the four
status bits.

For operation of stepping motor driven valves where
it is not economical to use a separate SMC for each valve, a
single SMC can be used to drive up to 8 valves through a
'stepped valve selector1 (SVS) as in Fig. 6.3.3. The SVS
selects the active valve and locks out the seven inactive
valves through a set of DVO's, one for each valve. One
interlock connection in each DVO is used by the SVS. The
remainder are still available for general interlocking. The
SVS also provides routes to a QDA for the readouts from valve
position transducers.

The system shown in Fig. 6.3.4 has been set up to
monitor the continuous transfer of liquid helium to the
cryostat. Helium levels in dewar and cryostat, gas pressures
in dewar and cryostat and the cryostat insulating vacuum are
continually checked. Should any monitored parameter go out of
preset range, or the computer link fail to refresh the CRS, the
transfer valve closes and the liquefier switches into the
standby ('recovery') state. Since prolonged operation in
'recovery' usually results in plugging of the liquefier heat
exchanger with condensate, the alarm alerts security staff to

*VO's are coupled to an SPO in sets of four through an SVC
(SPO/valve coupler), two SVC's to each SPO. Manual on-off
pushbuttons are provided both at the *VO's and at the SVC's.
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call out an operator. None of the liguefier control valves
have yet been motorized to permit active control of the
system.

6.3.2.2 Cyclotron Magnet

6.3.2.2.1 Rough Vacuum System

J.H. Ormrod

The turbomolecular pump that failed in the previous
quarter (PR-P-131, 6.3.2.2.4; AECIJ-7510) has been replaced and
pressures as low as 1.6 x 10-2 Pa have been monitored in
the pumping line. This corresponds to a pressure of ^ o.l Pa
in the cyclotron, well within the desired range. The magnet
has been excited to full field, flexing the large O-rings that
seal the poles to the cryostat, and except for the initial
excitation the vacuum changes were of the order of 10%. All
104 trim rods have been exercised without any change noted in
the rough vacuum pressure.

6.3.2.3 Accelerating Structure

C.B. Bigham

Testing of the rf structure in its dummy vacuum
vessel is finished and the structure is now being installed in
the magnet.

The copper liners, or ground planes, of the rf
structure are designed to be a close fit to the flutter poles
and this is the first time the two assemblies have been mated.
Following magnetic field mapping, shims were added to the poles
and the liners must now be reformed to fit over these shims.
So far, the upper liner has been fitted as far as the shims
allow. The lower liner has been partly fitted and looks as if
it will also go on with minor adjustment.

The method for reforming over the shims has been
tested on a one hill model and the liners will be reformed when
additional tooling is ready.

The joint between the outer conductor of the upper
tuner and the liner failed during the last series of tests.
This is a mechanical rf connection and vacuum seal between
rough and high vacuum regions. The failure appeared to be
initiated by a vacuum leak. This caused an rf discharge that
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destroyed the rf contacts. Removing some seal distortion
should eliminate this problem.

The upper dees have been opened to install the
deflector high voltage cable and some foil changer components.
The rest of the foil changer will be installed through the
"doors" in the bottom of the dees when the dees are in place.

The sliding shorts were in good condition after the
last tests except that a 2 cm contact section in the inner ring
of the lower tuner was loose. That section will be
resoldered.

The extension of the cooling system to Bldg. 467
annex and other work required for operation of the rf system in
the magnet is in progress.

6.3.2.4 Injection

6.3.2.4.1 Low Energy Buncher

C.B. Bigham

Circuit development continues. Manual tuner setting
circuits are now working.

6.3.2.4.2 Injection Beam Line Interface

J.H. Ormrod

There is a large fringing field from the cyclotron
along the injection trajectory downstream from QI-15 (200 mm
from the cyclotron yoke wall) as shown in Fig. 6.3.5. Between
QI-15 and the cryostat, it was originally intended to locate
the injection dipole, the vertical steering magnet, several
diagnostic elements, a valve and some magnetic shielding to
reduce undesirable beam deflection. Effective shielding around
the diagnostics and valve is awkward, but without some
compensation, the deflection and lateral displacement of the
incoming beam at midplane inductions beyond 4.5 T will be too
large for the available beam aperture. Less shielding would be
required if another small dipole were added immediately
downstream of QI-15 and this option is being considered.

It was hoped that this second dipole would simplify
beam centering within the cyclotron. The two parameters used
in calculations to center the beam are the injection energy and
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the injection dipole deflection, the former requiring an
adjustment of all the injection line elements. The second
dipole provides the opportunity to vary an additional
parameter the transverse displacement, at the center of the
injector dipole. While that displacement is orthogonal to the
deflection at the injection dipole, the transfer matrix to the
stripper foil unfortunately gives approximately the same locus
in r-pr space for variations in either angle or displacement at
the dipole.

The fringing field also limits the choice of
diagnostic elements that can be incorporated in the injection
line. Tests on a standard beam position monitor and Faraday
cup are planned before the final design is decided.

6.3.2.5 Extraction

6.3.2.5.1 Extraction Channel Development

C.R.J. Hoffmann

Experimental development work continues with small
racetrack coils which model windings in a superconducting
radial gradient structure. Improved performance of a double
layer coil resulted when the racetrack ends were made precisely
semicircular and conductor support was refined at the
transition from straight sides to semicircular shape. These
coils have operated at currents exceeding 300 A in a 4.6 T
field for magnetic forces directed both towards and away from
the central coil bobbin. A three-layer racetrack coil was
prepared and tested. Its performance was poor compared to that
of the two layer coil. It is believed that voids along an
outside edge of the topmost winding layer allowed conductor
motion. Adjustments to the potting technique will be made to
obtain complete epoxy impregnation in the next three layer
coil.

Fabrication of a coil former, a winding jig, and
auxiliary pieces for a model superconducting bias coil is
complete (see PR-P-131, 6.3.2.5; AECL-7510). A method has been
developed to wind simultaneously two layers of superconducting
wire onto the cylindrical coil former with a layer of fiberglas
cloth insulation between them.

Preparations are underway to install the model
electrostatic deflector system into the dee for high voltage
tests in a magnetic field. A vacuum tight high voltage feed
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cable has been fitted into the dee. A mounting plate to
support the model deflector system in place in the dee has been
made. An oil-insulated high voltage resistive coupler has been
designed which will connect the feed cable and a 30 m cable
from a 100 kV power supply. This resistor will limit the
energy available to a spark at the deflector electrodes to that
stored on the deflector side of the resistor (̂  1.5 J at 100
kV).

The design of modules for the magnetic extraction
channel is severely constrained by spatial limits. Modifi-
cations were required in the second channel section (that
without iron elements) where interference occurred with an rf
dee clearance panel in the cryostat wall. Panel shape has been
revised and the entrance to this channel section has been moved
2.5° downstream along a reference extraction trajectory. Cal-
culations using a 10 MeV/u uranium beam show that the second
channel section will require a larger radial focusing gradient
and that the first channel section (that with iron elements)
must have a larger bias field for satisfactory beam entry into
the second section. To meet this latter requirement further
redesign of the first channel section is needed.

6.3.2.5.2 Field Map Calculations

E.A. Heighway

Measurements of the magnetic field at radii greater
than 660 mm have been made along one probe hole axis and along
the injection hole axis at three of the 48 coil operating
current sets for which complete field maps were made for radii
less than 693 mm. This large radius data is being compared
with calculations of the field along the same axes. The object
is to create a mathematical model of the outer field adequate
for use in extraction and injection calculations. This has
required the writing of a new code HOLES to better model the
effects of midplane holes in the yoke wall and a calculation of
the perturbation fields for the shims that were added to the
flutter poles. Preliminary comparisons have been made.
Further model refinement may be required to remove discrepan-
cies between measurement and calculation.
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6.3.2.6 Code Development

13.A. Heighway

6.3.2.6.1 HOLES

This code was written to provide a more accurate
calculation of the magnetic field perturbations produced by
the midplane holes through the yoke wall. The holes are of
cylindrical cross section with the axis in the midplane but
have irregular ends. It is assumed that the magnetization M of
the yoke steel is uniform and normal to the midplane and the
field is calculated from the equivalent surface current of
density K = M x (5 where u is the unit normal to the cylinder
surface. The currents on the irregular end surfaces may be
included (representing steel cylinders) or omitted (holes in
the steel) in the calculation.

6.3.2.6.2 GEOM

For many calculations it is necessary to obtain from
machine drawings an array of cartesian or polar coordinates
which specify the shape of an object. GEOM is written to
accept the type of information normally available on drawings,
i.e. angles, lengths, radii, centers, etc., to allow the
generation of the shape coordinates without intermediate
calculation by the user. This is done by entry of a sequence
of commands which allow point definition, arc or line
definition, direction changes, intersections of arcs and lines
with other arcs and lines and arbitrary sub-division of any
segment into sub-segments. The code can be used to generate
data suitable for MAGHILL (C.H. Westcott, AECL-7237, Hay 1981)
or COILS (E.A. Heighway, AECL-7060, December 1980).

6.3.2.6.3 SCHEDULE

This code has been written to aid job scheduling for
the superconducting cyclotron. An unordered list of tasks
with both alphabetic and numeric labels can be interrogated
and an ordered subset created and displayed. The alphabetic
labels may be compared with given labels and the number labels
compared with a given numeric window. The ordering of the
subset labels (both numeric and alphabetic) can be defined by
the user. The code runs in the interactive mode on the CYBER
720.
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6.4 Mechanical Laboratory

J.E. Anderchek

The Mechanical Laboratory operates the machine shop
and furnaces in Bldg. 145 and carries out mechanical
construction, 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 - 96.7%
Reactor Physics 3ranch - 3.3%

6.4.1 High Current Proton Accelerator

Several components were fabricated for the rf system
and Alvarez tank. These included a modified centre conductor
adapter and several replacement teflon windows for the recently
installed A/2 loop.

Brazing tests were carried out on a model of the rf
cavity that will be used to test sparking voltage in a cw RFQ
structure and an alignment target for RFQ vanes was fabricated
and tested.

A motor mount and limit switch assembly was
fabricated for the bead puller system, and a mounting assembly
was manufactured for checking permanent magnet drift tube
quadrupole alignment.

Electrodes for an orthogonal cusp plasma generator
were successfully fabricated after a series of brazing failures
probably caused by the different expansions of the mild steel
and OFHC copper used in their construction.

A three aperture plasma aperture plate was made and
cooling was added to another plate. One modified anode centre
was made for the new duoPIGatron source and an auxiliary gas
line was added to another anode.

Six magnet test pieces were fabricated for modelling
of the in-source magnet filter.

The former "MEDAC" accelerator facility has been
modified to test different rf structures - including changes to
the accelerator support stand and manufacture of a new ion pump
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stand, a new waveguide run and high voltage power supply corona
shields.

A 90° inflection gun can was made for continuing test
stand work on the 90° inflection gun.

6.4.2 Electron Test Accelerator

Support for the reorganization of the beam lines for
the Electron Test Accelerator reconstruction continued. A
transition to support the large aluminum window for the
irradiation facility was completed together with several
lengths of beam line with welded conflat flanges.

The high power slits for energy selection following
the first dispersive magnet in the 90° bend have been machined
but not yet assembled. A holder was also made to support the
Hall probe used to plot the magnetic field in this magnet.

Two large solenoid focusing magnets were made for the
90° beam line and these have been sent to the electrical shop
for winding of the coils.

The buncher was successfully brazed and the tuner,
drive assembly and probes were manufactured and installed.

6.4.3 Heavy-Ion Superconducting Cyclotron

A crank bearing mount on the helium liquefier was
repaired and a prototype remotely-operated liquefier valve and
electronic chassis for remote control of the helium liquefier
were fabricated.

Also manufactured was a liquid helium transfer tube
for cyclotron development studies, several flanges for the
rough vacuum manifold and a pumping adapter for the Mk II
cryopump.

Several pieces were made for a superconducting
winding model coil which included a coil former, winding
centering pieces and a winding support and clamping jig. Side
supports were modified for a superconducting racetrack winding
model coil.

Components were made to model and test electron beam
welded joints for modular elements of a magnetic extraction
channel.
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A mock-up of a locking short for a "back-up" tuner
was constructed to check the design parameters.

The spring contact sliding shorts were rebuilt with
improved soldering of the contacts and modified O-ring seal
components were made for the dee cooling tube seals.

6.4.4 Reactor Physics

A Lucite frame to measure azimuthal asymmetry for
McGill experiments in PTR was fabricated together with a
special beryllium oxide rotation device for in-reactor
irradiating of sample foils.
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RADIOFREQUENCY SYSTEM POP CHEER
J. McKeown
Can. J. Phys. J59, 1803 (1981).
Also Atomic Energy of Canada Limited, Report AECL-7389.

APPLIED RADIATION EXPERIMENTS WITH AN ELECTRON LINAC
J. McKeown, J.S. Frasar and S.B. Hodge
Book of Extended Synopses, IAEA Conference on Industrial
Application of Radioisotopes and Radiation Technology,
October 1981, p. 238.

Reports

A REVIEW OF THE PROSPECTS FOR FUSION BREEDING OF FISSILE
MATERIAL
Editors, J.S. Geiger and G.A, Bartholomew
AECL-7259, October 1981.
Contributions from Accelerator Physics by L.W. Funk,
C.R.J. Hoffmann, J.A. Hulbert and M.R Shubaly.

Papers

A BEAM CAVITY INTERACTION COMPUTER CODE FOR LINACS
K.C.D. Chan and J. McKeown.

ION SOURCE DEVELOPMENT AND INJECTOR DESIGN FOR ZEBRA
M.R. Shubaly.
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LOW ENERGY 100% DUTY FACTOR ALVAREZ LINACS AT CHALK RIVER
J. Ungrin, J.C. Brown, B.G. Chidley, R.M. Hutcheon,
G.E. McMichael and S.O. Schriber.

BRAZING TECHNIQUES AND ALLOYS FOR ACCELERATOR RF COMPONENTS
R.B. Turner and J. Ungrin.

THE ZEBRA (ZERO ENERGY BREEDER ACCELERATOR) PROGRAM AT CRNL - A
300 mA, 10 MeV PROTON LINAC
S.O. Schriber.

A MICROPROCESSOR-CONTROLLED BEAD PULLER FOR RF CAVITY
MEASUREMENTS
J.D. Hepburn and W.L. Michel.

POST COUPLER STUDIES FOR ALVAREZ TANKS TO BE USED FOR HIGH
POWER OR VARIABLE ENERGY
J. Ungrin, NS.O. Schriber and R.A. Vokes.

CONSTRUCTION OF A HIGH POWER RF RESONANT TEST LOAD
J. Ungrin, J.C. Brown, B.G. Chidley, S.B. Hodge,
G.E. McMichael, S.O. Schriber and R.B. Turner.

HIGH POWER, ON-AXIS COUPLED LINAC STRUCTURE
J. McKeown, R.T.F. Bird, K.C.D. Chan, S.H. Kidner and
J.-P. Labrie.

BEAM DYNAMICS STUDIES OF HIGH CURRENT RFQ AND DTL TANKS
G.E. McMichael and B.G. Chidley.

DESIGN AND CONSTRAINTS FOR THE ZEBRA INJECTOR, RFQ AND DTL
B.G. Chidley, J.C. Brown, G.E. McMichael, S.O. Schriber,
M.R. Shubaly and J. Ungrin.

DESIGN CONSIDERATIONS FOR A DEVELOPMENTAL HIGH POWER COUPLING
LOOP TO DRIVE A RESONANT LOAD
J.C. Brown and R.M. Hutcheon.

The papers listed above were presented at the 1981 Linear
Accelerator Conference, Santa Fe, New Mexico, 1981 October
19-23.

A DIAGNOSTIC INJECTOR FOR THE TOKAMAK DE VARENNES
M.R. Shubaly
Paper presented at the Neutral Beam Workshop, Oak Ridge,
Tennessee, 1981 October 19-23.
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LECTURES

APPLICATION OF MODERN LINACS TO WASTE WATER TREATMENT
J. McKeown
Seminar presented at the Canadian Centre for Inland Waters,
Burlington, Ontario, 1981 November 10.
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