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SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

There were two major scheduled shutdowns to
improve performance but persistent pressure-sensitive vacuum
leaks led to further lost time.

Accelerator availability was as follows:

Experiments running 1356 hours 62.1%
Scheduled shutdowns 663 hours 30.3%
Unscheduled shutdowns 165 hours 7.6%

2184 hours 100.0%

Eight experiments were performed during the
quarter. Thirteen visiting scientists used the accelerator;
they were involved in experiments occupying 89% of the beam
time and in these experiments their participation averaged
49%.

Research Activities

An accurate value of the Gamow-Teller contribution
to the 2+• •*• 2+ (T=l) superallowed 0 transition in ^°Na
has been obtained from kinematic shifts in the e delayed

I a-particle spectrum, thus allowing an accurate v.-.iue for the
Fermi coupling constant. This gives one more piece of
information, and introduces a new technique, to the funda-
mental study of the weak interaction through superallowed B
decays.

f The first studies have been made of average
! properties of the continuum y-rays for a specific reaction
i channel (in this case a (HI,xn) reaction). In addition the
j properties of the high energy («14 MeV) giant dipole
resonance y-rays have been seen with high resolution and
correlated with specific (HI,xn) reaction channels. Both
experiments utilized the new large anti-Compton Nal(Tl)
shield. The ability to isolate and study v-rays from a
specific reaction product (in this case ^**'Gd) will greatly
facilitate and clarify the interpretation of the data.
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A systematic analysis of lifetime values by
fdifferent techniques has demonstrated that recoil distance
lifetime measurements can have systematic errors of about 10%
resulting from undetected feeding, background and/or hyperfine

, perturbations.

Average neutron kinetic energies derived for the
12l>Sn( 28Si,5n) 1]*7Gd reaction show a very strong and unexpected
correlation with bombarding energy.

Seven samples of archaeological interest from the
National Museum of Canada were dated with the MP tandem
accelerator including a human bone at 8500+400 years and a
mammoth bone at 17,400+1000 years. Most samples weighed about
1 g of which roughly 10% was carbon.

In a collaborative experiment with scientists from
Queen's University and University of Washington, a program to
measure the circular polarization of the 2789 keV transition
in 2lNe is underway with a highly sensitive polarimeter at the
MP tandem.

Measurements of partial cross sections for electric
dipole transitions in 12C and 13C show that direct capture
accounts for almost all the radiative capture in these
nuclides.

1.2 Accelerator and Applied Physics

Research Applications

a) Fast Intense Neutron Source

Neutron production runs at 1 x 10 1 2 n/s were done for
various users with the new tritiated target.

b) Heavy-Ion Superconducting Cyclotron

- Most of the modules are now built and tested for the
instrumentation to provide computer controlled cryogenic
operation.

The cryostat has been kept cold for the entire quarter to
permit various magnet measurements.

The 104 trim-rod retractions are now read out through the
computer.

The main library of 48 midplane maps has been compiled.

The magnet perturbations from trim rod retractions have
been measured.
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The midplane induction variations with yoke temperature has
been measured.

- A new circuit has been introduced in the rf operation to
turn off the power during tuner motion.

Model superconducting windings for the extraction channel
are being tested.

Development of the PDP-11-based control system included
installation of a new operating system, an increase in the
number of terminals supported, hardware and software
enhancements to the display driver and a revision to the
naming convention for control system variables.

- A four module prototype control console has been designed
and is under construction.

- Advance of the construction of the control room extension
ahead of earlier planning has become acutely desirable to
accommodate computers, control console and other hardware.

Nuclear Power Applications

a) High Current Proton Accelerator Development

I - Beamlet stacking is found to improve injector emittance by
I factor of 1.9.

- A variable current single stage injector is proposed.

Improvements and additions were made to beam dynamics
codes. Problems with the APQ code space charge routine
were found.

Tuning range tests on the rf systems have set design
constraints for the RFQ sparker.

- Alvarez tank operation has resumed with a modified drift
tube stem seal.

- Major modifications to improve reliability and reduce
maintenance on the modular dc power supplies are almost
completed.

Frequency and Q characteristics of the 500 MHz four-vane
RFQ cavity were obtained.

Loss of tilt stability was noted when Alvarez tank post
couplers rotated.

- The ZEBRA reference design has been clarified.
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b) Electron Test Accelerator

Work has begun on the reconstruction of the tunnel for
accelerator upgrading to a three-structure machine. The
design of the 90° bend is complete and major components
have been fabricated.

High power tests of Model 5 structure have begun with
temporary services.

Theoretical beam cavity interaction studies show excitation
of coupled resonator modes by beam pulses in accelerator
structures and beam blow-up modes have been simulated using
current pulses along a thin conductor. The behaviour of a
new coaxial coupled structure was investigated with this
technique and shows a decreased sensitivity to mode
excitation by large beam currents.

- Microtron studies predict 50% transmission through the 32
cell graded-6 structure in the Montreal design proposal and
phase acceptance of almost 30° for recirculation through
Model 5 with an input energy of 4 MeV.

Beam dynamics calculations predict acceptable beam
characteristics through the 90° bend and the Model 5 tank.

c) Fertile-to-Fissile Conversion Experiments at TRIUMF

Using the calibrations established with foils standardized
at CRNL, the reanalysis of neutron leakage data is
continuing.

d) Neutron Yield Measurements at 100 MeV at McGill Cyclotron

In collaboration with McGill University scientists
, experiments have been carried out at the McGill University
cyclotron to determine the neutron production rates in the

jj Pb(p,n) reaction at 100 MeV. Comparison with the rates
« predicted by the computer code NMTC shows agreement to
I within 20%.

1.3 Solid State Physics

The line-'shapes of selected phonons in the
orientationally disordered crystal 3-Ng have been calculated
on the basis of the Michel-Nandts model.

Computer simulation techniques have been
successfully applied to calculate the spin-wave properties of
the disordered ferromagnet Ni2Mn0#8

vo.2Sn*
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Preliminary neutron scattering measurements made on
commercial samples of superoxide dismutase have indicated the
existence of unwanted impurities; it is hoped to obtain purer
samples from WNRE for further experiments to determine the
molecular size and shape.

An extension of the theoretical model of vacancy
formation in alloys, recently developed at CRNL, successfully
accounts for the formation of divacancies at high temperatures
in disordered bcc alloys.

1.4 Applied Mathematics and Computation

A project to develop a thermal analysis of Pickering
A fuel channels for the situation that would exist if sag of
the pressure tube allowed it to contact the calandria tube has
been undertaken for the Engineering Company.

Capabilities for supporting the MARC stress analysis
code have been improved by the purchase of the source
program. Having the source available at CRNL makes the
installation of corrections and/or new features more efficient
and more reliable.

. A new stress analysis code, STARDYNE, has been
I installed at the request of the Engineering Company.

During the quarter, a CDC CYBER 170/720 was
installed and put into operation. The 720 will replace the
3300 in about a year's time as the interactive "front-end" for
the 6600 and CYBER 170/175 computers.

The software to provide file transfer between the
"NOS"operating system on the 720 and the "NOS/BE" operating
system on 6600/175 was installed after correction of numerous
errors and some re-tailoring for the CRNL environment.

The communications-handling software on the 720 is
currently supporting a link to the 720 recently installed at
Sheridan Park, one remote-job-entry terminal at CRNL, and a
small number of interactive terminals.

Programs and procedures for transferring files
between the 6600/175 and the CRNL 720, and between the
6600/175 and the Sheridan Park 720 through the CRNL 720 have
been developed and are operating.

Assistance to Nuclear Physics Branch in a study of a
replacement for the PDP-10 is being provided, and work
continued on the MK-16 replacement for the PDP-1.
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Miscellaneous programs and subroutines developed or
modified during the quarter included:

- a program, TIRION4, has been converted from IBM FORTRAN
and installed in the CRNL system for use by AECL

a program incorporating a reliable interpolation
technique for critical heat flux has been completed

a variety of programs for interactive data entry using
the new facilities offered by the CRNL and Sheridan Park
720*s have been developed

- further modifications' to the Fuel Defect Experiments
analysis programs have been made to improve the
identification and resolution of doublets

- an updated version of the HCC code used by Design and
Technical Services Branch has been obtained and is being
installed. Future maintenance of this program will be
undertaken by Mathematics and Computation Branch.

Many changes were made during the quarter to
programs involved in gathering and reporting computer resource
usage statistics. A more complete and flexible reporting
system is being evolved at the same time as improved user
identification and validation techniques are being
incorporated in the operating systems.
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Computer usage during the quarter is summarized in
the following table:

Percentage of Percentage of
Number of Jobs Total Utilization

Radiochemical Company
Chemical Company
Engineering Company
WNRE

CRNL:
Computing Centre
Contracts
Technical Information
& University Relations

Health Sciences
Chemistry & Materials
Physics
Electronics, Instrumentation
& Control

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

0.03
0.50
22.32
1.94

24.04
2.26

2.77
2.75
2.32
7.37

0.80

13.01
9.88
0.59
2.10
2.61
0.18
0.03
1.03
3.32
0.00
0.02

0.01
0.24
48.45
4.12

5.80
1.50

1.38
1.55
4.72
8.70

1.25

7.71
5.09
0.08
1.59
3.12
0.00
0.05
0.30
4.36
0.00
0.00
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Nuclear Physics Branch

J.S. Geiger
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(1) Attached from Universite de Montreal; arrived May 14.
(Permanent address: Centre de Recherches Nucleaires,
Strasbourg, France)

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

(3) On leave of absence at Max-Planck Institut fur Kern-
physik, Heidelberg, West Germany.

(4) On leave of absence at Los Alamos Scientific Laboratory,
Los Alamos, New Mexico.

(5) Attached from the University of Gottingen.

(6) Post doctoral fellow.

(7) Transferred from Neutron and Solid State Physics Branch
1981 April 01.

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

(9) Summer student; reported for duty 1981 May 12.

(10) Summer student; reported for duty 1981 May 11.

(11) Summer student; reported for duty 1981 May 05.

(12) Summer student; reported for duty 1981 May 19.

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

(14) Waterloo Co-op student; reported for duty 1981 May 01.

(15) Deceased 1981 June 08.

(16) Terminated 1981 June 30.

a) Also has responsibilities in Section I and II.
b) Also has responsibilities in Section I.
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2.2 Bending of High Energy Proton and Pion Beams by Bent Single
Crystals of Silicon

R.A. Carrigan, Jr. (Fermilab), J.S. Forster and H. Jin,
M. Pisharody, S. Salmon, R. Wong and K. Wong (SUNY, Albany)

A run, in preparation to test particle deflec-
tion with channeling at"Fermilab by an Albany Aarhus - CERN/
Chalk River/Dubna/Fermilab/New Mexico collaboration, has been
completed with the 50 GeV/c test beam at Fermilab. The aim of
experiment, which will be done later with a 200 GeV/c beam of
protons and pions, is to measure the critical radius of a
bent crystal for dechanneling, i.e. the bending radius for
which initially channeled particles are "lost" due to
dechanneling.

The test run has been used to solve electronic noise
problems in the solid state detector linear electronics, test
drift chambers, determine position measurement accuracy and
debug software programs used for on-line data collection and
off-line data analysis. The goniometer used for alignment
of the crystal is moved in angle by a stepping motor which
moves the goniometer in steps of 5 microradians. The position
reproducibility was tested by reflecting a laser beam from a
mirror mounted on the goniometer, onto a scale located 20
metres away and was found to be within the measurement accur-
acy of 25 microradians.

The equipment operated well although some problems
still exist with the drift chambers.

2.3 A Detailed Comparison of Lifetime Values Obtained by Different
Techniques for Several s-d Shell Transitions

G.C. Ball and T.K. Alexander

In recent years a large number of accurate high
velocity Doppler broadened lineshape analysis lifetime
measurements (DBLA) have been made on several s-d shell
transitions with lifetimes in the range 0.01 - 50.0 ps. In
addition precise Coulomb excitation (CE), recoil distance
(RD) and/or inelastic electron scattering (ES) measurements
have been reported. These data permit a sensitive test for
possible systematic errors. In general, we have found that
the CE, ES and DBLA data are in good agreement. In particular,
the weighted average ratios T(CE)/T(DBLA) and T(ES)/T(DBLA)
are 1.04 ± 0.02 and 1.02 ± 0.03 for 7 and 5 different cases,
respectively. However, the weighted average ratio
T(RD)/x(DBLA) for seven recoil distance measurements which
were designed to determine only the lifetime of the level
was found to be 1.17 + 0.03. The corresponding value for
coincidence recoil distance measurements which determined
the g-factor of the level (RD(g)) as well as the lifetime
was 1.07 ± 0.03. This result demonstrates for the first
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time that for the levels.studied so far, recoil distance
lifetime measurements can have systematic errors of ^ 10%
resulting from undetected feeding, background and/or hyperfine
perturbations.

Unexplained anomalies of ^ 10-15% are observed in
the Coulomb excitation values for the first excited levels in
18o and 30si. This is particularly disturbing, since many
Coulomb excitation re-orientation measurements have been done,
particularly in the important case of 1 8O.

28
2.4 The Transient Magnetic Field for Si Recoiling at High

Velocity in Magnetized Fe•

J.S. Forster, T.K. Alexander, G.C. Ball, W.G. Davies with
I.V. Mitchell (Solid State Science Branch), K. Dybdal (SUNY,
Stony Brook) and J.R. Leslie (Queen's University)

28
The transient magnetic field (TMF) strength for Si

recoiling in externally magnetized Fe is known to be propor-
tional to velocity over a large velocity range (J.L. Eberhardt,
R.E. Horstman, P.C. Zalm, H.A. Doubt and G. van Middelkoop,
Hyperfine Interactions 3_ (1977) 195). At velocities greater
than i* 2 vo (vo = the Bohr velocity = c/137) , the TMF is
believed to be caused by the transfer of polarization from iron
M- and N-shell electrons to bound, unpaired s electrons in Si
(K. Dybdal, J.S. Forster and N. Rud, Nucl. Instr. & Meth.
170 (1980) 233). The field at the nucleus interacts with the
magnetic moment causing, a rotation of the angular momentum
vector and hence a rotation of the gamma-ray angular distri-
bution pattern of the gamma rays de-exciting the nucleus. The
TMF at the nucleus is believed to be the result of two
processes, namely (1) production of an s-vacancy followed by
(2) polarization transfer to the unpaired s-electron via high-
er Jl-value orbitals. At high velocities, v ^ 12-14 vo, these
higher A-value orbitals are depleted thus reducing the
polarization transfer and the TMF at the nucleus. To test
this hypothesis, we have measured the rotation of the angular
correlation of gamma rays de-exciting the 1.79 MeV, 2 + state
in 28Si produced by Coulomb excitation of the 28Si 1
°3Cu ions.

The experiment was carried out in two parts. In the
first, we measured the v-ray angular correlation of the 2 +,
first excited state in 28Si using a moveable Nal(T£) detector
in coincidence with a 100 ym thick surface barrier detector at
0° to the beam direction. Measurements were made with 180
MeV 63 C u (and 240 MeV 79Br) beams. The target consisted of
0.65 mg/cm2 of Si on 3.9 mg/cm2 Fe on 6.5 mg/cm2 A&. The
total target thickness was sufficient to stop the Cu beam but
allowed 2°si recoils to exit from the foil with "\» 30 MeV
kinetic energy. The lifetime of the 2+ level is short enough
that nearly all recoiling 28Si ions decay in the target before
deorientation of the angular correlation in vacuum. Measure-
ments were made from 30° to 100° in 10° steps and the
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logarithmic derivative of the correlation (dW/de)/W was found
to be 3.4 + 0.2 for e = 70.5° in the centre of mass.

In the second experiment we measured the rotation
of the angular correlation using four, 12.7 cm x 15.2 cm,
NaI(T£) detectors placed at ±70.5° and +109.5° in the centre
of mass. A surface barrier detector, 100 pm thick, subtending
+13°, at 0° to the beam, detected 28Si recoils from the
target. A beam of 180 MeV 63Cu ions was used to Coulomb excite
the 28si nuclei to their 2 +, first excited state. Two dif-
ferent targets were used; the first consisted of 0.65 mg/cm2

2 8Si, evaporated onto one side of a 3.9 mg/cm2 rolled,
annealed Fe foil on the other side of which was evaporated
6.5 mg/cm2 AZ. This target was used to measure the perturbed
angular correlation for 28Si recoils with an average velocity
of ^ 14 vooin t n e Fe- T h e second target consisted of 0.42
mg/cm2 of 28Si on 8.2 mg/cm2 Cu on 4.5 mg/cm2 annealed Pe on
0.34 mg/cm2 Al. The purpose of the Cu layer was to reduce
the average 28Si velocity to ^ 10 vo while passing through
the Fe layer. The target was mounted between specially shaped
pole tips of an external electromagnet which produced a
uniform magnetic field of 0.1 T across the gap. In order to
prevent bending of the incoming 63Cu beam and outgoing 28Si
recoils, the beam entered the target (and the recoils left
the target) through rectangular steel tubes which greatly
reduced the stray field. A measurement, of beam bending was
made separately with a target of 0.3 mg/cm2 Si on 4.0 mg/cm2

Cu on 6.0 mg/cm2 Ai and found to be less than 1.0 mrad.

A preliminary analysis of the high (14 vo) velocity
data gives a net rotation of < 1.5 mrad in agreement with
the expected TMF decrease at the highest velocity ('v 10 mrad
rotation is expected for linear velocity dependence).

2.5 Kinematic Shifts of 8-Delayed Particles as a Probe of g-v
Angular Correlations

E.T.H. Clifford, J.C. Hardy, H. Schmeing (Neutron & Solid
State Physics Branch), R.E. Azuma (University of Toronto),
H.C. Evans (Queen's University), E. Hagberg, V.T. Koslowsky,
U.J. Schrewe and K.S. Sharma

Analysis of experimental data (PR-P-129: 2.21;
AECL-7328) is now nearing completion and a paper has been
written for the 4th International Conference on Nuclei Far
From Stability. The energy shifts of the six most prominent
delayed-alpha peaks following the B+-decay of 20Na have been
analyzed as a function of coincident 3+-energy and angle.
The results were used to establish the ratio of polar-vector
to axial-vector components in the 3-transitions.

For the superallowed 2 + •* 2+(T=l) 3-transition, the
polar vector (Fermi) component was extracted and used to
establish a value for the vector weak coupling constant of
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Gv = (1.355 ± 0.036) x 10"49 erg.cm
3. This result - the first

ever obtained for such a transition - agrees within statistics
with the best value obtained from 0 + -> 0 + transitions.

Limits on the polar vector components in 5 other
transitions yield limits on charge-dependent mixing between
the daughter states and their analogues. The results are
summarized in Table 2.5.1.

Table 2.5.1

Deduced Properties of Five Gamow-Teller

B-Transitions from Na

Daughter
State

Ex(
20Ne)

(keV) f t 1

Mixing
Intensity

a2t C (keV)

7416 (1.596 ± .026) x 10* £3.0x10

7828 (3.036 ± .056) x 105 £7 .0x10

9483 (1.190 ± .032) x 105 £4 .0x10

10586 (5.62 ±.22) x 104 £4 .2x10

10850 (1.668 ± .067) x 104 <7.8xlO

-3

-4

-3

-2

-2

£156

£ 65

£ 50

£ 64

t Assuming two-state isospin mixing formalism

tt Coulomb matrix elements

2.6 Precision Mass Measurements

V.T. Koslowsky, J.C. Hardy, R.E. Azuma (University of Toronto),
G.C. Ball, E.T.H. Clifford, W.G. Davies, E. Hagberg, W. Perry,
H. Schmeing, U.J. Schrewe and K.S. Sharma

Because of a possible fault in our high-voltage
resistive divider (PR-P-129: 2.13; AECL-7328), the
26Mg(3He,t)26A«,* (1.0577 MeV) and 14N(3He,t) l4O (ground state)
Q-value difference was remeasured with the Q3D spectrometer,
and the peak-matching technique described in PR-P-123: 2.19;
AECL-6680. The targets for this experiment were prepared by
implanting -̂̂ N into a self-supporting 26jjg substrate. The
result is in agreement with the previous result listed in
PR-P-128: 2.12; AECL-7234). To date this measurement has
been performed with four targets, each differing in thickness
as well as the distribution of the implanted 1 4N. The
agreement between these experiments indicates that energy
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losses in the target can be properly accounted for (see
PR-P-127: 2.21; AECL-7102).

The angular distributions about 0° for the
26Mg{3He,t)26A£ (1.0577) and 14N(3He,t)140 (ground state)
reactions were measured. Because of the finite acceptance
angle of the spectrometer this information is required to
deduce precisely the Q-value difference from the kinematics
of these reactions.

An attempt to measure the 38Ar(3He,t)38Km(.13O MeV)
and 42Ca(3He,t)42Sc (ground state) Q-value difference failed
due to target problems. Apparently calcium is not a suitable
host for argon implants. Carbon, however, has been found to
retain the implanted argon. We shall explore the possibility
of measuring this Q-value difference by implanting both argon
and calcium into carbon.

Q3D magnet instabilities observed during the last
experiment have been traced to a malfunctioning Rawson probe
and dirty relay contacts in the power supply control circuit.
We are presently repairing these problems.

2.7 The Decay of 71Br

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

71
The final analysis of the data on the decay of Br

(PR-P-129: 2.11; AECL-7328) obtained during several runs with
the on-line isotope separator is now complete. The half-life
of this new nuclide was determined to be 21.4 ± 0.6 s. The
main beta-decay branch from 7lBr populates the 5/2" ground
state of 71Se. The allowed character of this transition,
log ft = 5.17 ± 0.11, indicates that the spin and parity of
71Br is (3/2, 5/2, 7/2)".

The main results on the decay of Br have been
written up and accepted as a contribution to the 4th Inter-
national Conference on Nuclei Far From Stability, and a
complete paper is being prepared.

2.8 Average Excited State Lifetimes in I

J.C. Hardy and E. Hagberg

Data obtained at GSI Darmstadt (PR-P-127: 2.16;
AECL-7234) on decay studies of H^xe have now been extracted
from magnetic tape and analysis is in progress. The data
were written on 9-track tapes in standard GSI, non-fixed,
large-blocksize records, a format inscrutable to the Nuclear
Physics Branch PDP10. The tape reading was accomplished on
the CDC 6600 system, and the programs to read GSI tapes and
sort the event-by-event data have been developed. Spectra
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generated by tape playback are sent by the link to the PDP10
and can be analyzed with the standard Branch programs.

The energy spectrum of delayed protons has been
obtained, together with the ratio of tellurium-to-cesium
X-rays measured in coincidence with protons. The X-ray
ratio shows the average lifetime of excited states in 113i
to agree well with newly developed calculations of <rY> (see
2.17). Statistical model calculations, which incorporate the
<ry> data, reveal that tne g-strength function required to
explain the proton spectrum must decrease more rapidly with
increasing excitation energy than predicted by the "gross
theory". This result is consistent with equivalent data on
115I and il^I (see 2.18).

2.9 Level Scheme Between the 760 ns (49/2+) and 39 as (27/2~)
147

Isomers in Gd

D. Ward, H.R. Andrews, P. Skensved (Queen's University) and
P. Taras (Universite de Montreal) in collaboration with
J. Peterssen, G. Sletten et al., NBX, Copenhagen

Assignment of spins and parities to the complex
level scheme below the (49/2+) isomer in 147Gd is now in
progress. Angular distribution coefficients measured at
Chalk River were given in, PR-P-129: 2.7; AECL-7328, and we
now quote conversion coefficients measured at the NBI,
with suggested assignments from inspection of the two data
sets. Only the strongest transitions are given in Table 2.9.1;
that is where there is overlap between the two data sets.

One point of interest is the spin and parity of the
760 ns isomer. Relative to the 27/2" isomer (Ex = 3582 keV)
we find that the well established levels at E x = 2341 keV
and E x = 3325 keV can now be given definite assignments
37/2" and 41/2 respectively. The simplest cascade from the
isomer E x = 5006 keV leading to the 37/2" level comprises
EY(keV) = 1950.7 (E2, AI=2, or E3, AI=3), 120.5 (Ml, AI=1),
339.0 (El, AI=1) and 254.4 (E2, AI=2). This cascade fixes
the spin and parity of the isomer as 49/2+ or 51/2";
unfortunately the conversion coefficient for yl950.7 could
not be determined. Two main cascades lead to the 41/2+ level,
the first EY(keV) = 369.5 (El), 1057.0 (El, Al=l) and
254.4 (E2, Al=2) and the second EY(keV) =435 (Ml or E2)
482.2 (E2, AI=2) and 765.5 (Ml). In the first cascade the
isomer is fixed as 49/2+ or 47/2+ depending on whether
E Y = 369.5 keV is stretched or not, however, we could not
establish with certainty the stretched character of this
transition. A similar argument applies to the second cascade
with respect, to 435 and 765.5 keV, and implies isomer assign-
ments of 51/2+ to 45/2+. Thus it appears that the only
assignment consistent with all three cascades is 49/2+. This
is supported by the calculations of Dossing and Neergard and
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Table 2.9.1

Summary of Conversion Coefficients for Transitions lyin
between the 760 ns(49/2+) and 39 ns(27/2") Isomers in H

Ey(keV)

117

120

201

254

286

331

339

340

414

421

425

435

436

444

482

548

608

611

613

698

814

869

984

1036

1057

1064

1152

1390

1683

*Y

19 j
25 J
59

=100

13

27

91 J
59 J
17

7

13

8 !
15 J6

13

18

16 ^

10

6 J
20

9

8

8

27

9

6

11

11

28

(x

130

22

7.5
<

7.9

2.9

3.3

3.9

2.8

0.9

1.7
1.7

1.7

0.5

0.15

0.63

0.48

0.30

0.07

0.08

0.17

0.16

0.12

0.11

10"2)

+

+

±

4.
" +

+

+

+

+

±

±

+

±

±

±

±

±

±

+

±

±

±

±

±

50

6

1.4

9

1.7

.3

.7

1.5

.8

.4

.7

.4

.2

.1

.05

.12

.09

.12

.03

.09

.07

.06

.04

.04

Adopted Assignment

Multipolarity

Ml

Ml + E2

Ml + E2

E2

(Ml + E2)

Ml

El

Ml + E2

Ml + E2

Ml

Ml

Ml or E2

E2

E2

E2

Ml + E2

E2

E2

E2

El
Ml + E2

Ml + E2

E2

El

El

E2

E2 .

E2

E2

AI

1

1

(1)
2

1

1

1

(1)

(1)

0

0

1

2

2

(1)
2

2

2

1

1

1

2

1

1

2

2

2

2
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was also suggested by Hausser et al. from a study of the spin
dependence of quadrupole perturbations on the isomer (PR-P-125:
2.12; AECL-6956). The complexity of the isomer decay is now
seen to arise because the main deexciting cascade Ey = 254.4
(AI=2), 339.0 (AI=1) and 120.5 keV (A=l) carries most of the
flux away from the yrast line to a level of 41/2" E x = 4292
keV lying about 1 MeV above yrast. This state then showers
to the yrast line and the flux is only partially reconcentra-
ted by spin 37/2" E x = 2341 keV.

Comparisons with calculations of D0ssing and
Neergard are being made.

+• 147
2.10 Continuum y-Rays Feeding the 760 ns (49/2 ) Isomer in Gd

D. Ward, N. Rud, H.R. Andrews and P. Taras (Universite de
Montreal)

Analysis of the experiment described in PR-P-129:
2.8; AECL-7328 is continuing. New results are shown in
Fig. 2.10.1. The centre panels show the Ey-correlated
multiplicity spectra for events preceding the 760 ns isomer
(except where specified below it should be understood that
the decay radiation of the isomer is not included). These
data are to the best of our knowledge the first obtained
for an identified reaction channel. The multiplicity bump
(cf. Newton et al. Phys. Rev. Lett. _3£ (1977) 810) at
1.1 - 1.6 MeV grows in intensity and moves to increasing
y-ray energy with increasing bombarding energy. The occurr-
ence of this feature shows that there exists some correlation
of Ey with the spin of the emitting state I, as for example
in rotational spectra where Ey = "n^/2^ [41-2].

The discrete lines feeding the isomer were subtrac-
ted from the spectra and the Ey correlated anisotropies
generated, shown in the top panels of Pig. 2.10.1. We have
deconvoluted the spectra (after subtracting of discrete
lines). The anisotropy of deconvoluted spsctra are shown
as dashed lines in Fig. 2.10.1. This accentuates the dipole
region W(0)/W(90) < 1, where the anisotropy in the raw
spectra was diluted with detector response tails from the
quadrupole region W(0)/W(90) > 1. In the statistical region
above Ey ^ 2 MeV the steady rise of the anisotropy has been
observed by previous authors, and may be attributed to Doppler
shift effects on a basically isotropic angular distribution.

The deconvoluted y-spectra expressed as transitions
per 100 keV per cascade is given in the bottom panels. The
deconvoluting procedure is expected to be reliable down to
^ 200 keV because of the very favourable response function of
the Compton shielded Nal detector. These spectra can be
broken down further into (i) dipole, (ii) quadrupole and
(iii) statistical components. The statistical spectrum was
obtained by fitting the expression (Sie et al., Phys. Rev.
Lett. 46 (1981) 405)



Table 2.10.1

Properties of the cascade feeding the 760 ns(49/2+) Isotner in 147Gd,
following the reaction 124Sn(28Si,5n)147Gd at Various Incident Energies.

Bombarding
Energy (MeV)

130

140

150

156

Average number of transitions per
the 760 ns isomer (removed spin hi

Stretched
Dipole

2.8(2.8)

2.8(2.8)

4.3(4.3)

3.8(3.8)

Stretched
Quadrupole

3.6(7.2)

5.8(11.6)

8.2(16.4)

8.6(17.2)

cascade preceding the
)*

Statistical Discrete

4.6(3.1)

4.9(3.3)

5.1(3.4)

6.3(4.2)

3.0(4.5)

4.0(6.0)

4.0(6.0)

4.6(6.9)

Total

13.9(17.6)

17.5(23.7)

21.5(30.1)

23.4(32.1)

isomer
h

24.5

24.5

24.5

24.5

Average
Entry Spin**

h

42.1

48.2

54.6

56-6

Total Energy
of the cascade
including the
isomer decay

(MeV)

23.8

28.0

34.0

36.6

* Assuming Al = 1 for a stretched dipole
= 2 for a stretched quadrupole
= 1.5 for a discrete transition
= 2/3 for a statistical transition

**For events in which the isomer is populated. This increases from 32% of the 5n channel at 130 MeV to
92% at 156 MeV.
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147,Primary gamma spectra, multiplicities & anisotropies for Gd

produced in the 124Sn(28Si,5n)147Gd reaction at the bombarding energies shown.
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N(Ey)dEy = N oE y
3 exp (-yy

to the statistical tail 2.2 <_ E <_ 3.5 MeV as shown in Fig.
2.10.1 bottom panel. The dipole and guadrupole regions were
obtained by taking an incoherent combination of aD + BQ to
fit the anisotropies assuming W(0)/W(90) = 0.68 for dipole
and 1.48 for quadrupole. The underlying statistical tran-
sitions of unknown anisotropy make a precise division between
the spectral types impossible, however, there is little doubt
that the character of the spectrum changes systematically
from predominantly stretched dipole at 300-400 keV to
stretched quadrupole by 1.2 MeV. The average number of
transition types per cascade is simply obtained by taking
areas under the curves shown in Fig. 2.10.1, with results
given in Table 2.10.1. Further analysis is given in
companion reports.

2.11 E -Correlated Multiplicity Spectra for Decays to the

760 ns(49/2't') Isomer in 147Gd

D. Ward, N. Rud, H.R. Andrews and P. Taras (Universite de
Montreal)

The data shown in Fig. 2.10.1 and Table 2.11.1 show
several new and interesting features. A conspicuous and un-
expected aspect of the data is the low multiplicity of
statistical transitions compared with the average multiplicity
per cascade. It follows that there are fewer than average
statistical transitions in cascades from the highest spins.
This result may perhaps be understood in terms of two separate
factors. In the first place, statistical model calculations
(e.g. Hillis et al., Nucl. Phys. A325 (1979) 216) indicate
that the entry states (states from which y emission competes
with neutron evaporation) at the low spin edge of a reaction
bin lie appreciably further off the yrast line than do the
entry states at the highest spins in the same reaction bin.
This difference amounts to ^ 5 MeV for the most probable
bin in the reference quoted, and implies about 3 extra
statistical transitions would be needed to cool the nucleus
to the yrast line from the low entry spin side. In the
second place, when there are collective E2 transitions lying
above the yrast line they are expected to compete with
statistical transitions (e.g. Liotta and Sorensen, Nucl.
Phys. A297 (1978) 136) diverting the y-ray flux away from
the yrast line. What is not transparent in the cited work
is that this competition must be strongly spin dependent
because the collective E2s will have transition probability
roughly proportional to I 5, so that other factors being
equal, their diversionary power increases with increasing
spin. It is plausible that for very high spins, the
collective transitions terminate the statistical cascade
several MeV above the yrast line thus causing the observed
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correlation. Comparisons with the code GROGI (J Gilat, a nuc-
lear evaporation code BNL 50246, 1970) are being made to
investigate these conjectures more quantitatively.

The multiplicity peak between 1.1 and 1.6 MeV is
pronounced in the data taken at 150 and 156 MeV bombarding
energy (cf. Fig. 2.10.1). At its high edge, Ey = 1.6 MeV in
the 156 MeV data, the multiplicity is 25.5 ± 0.3 (= 41 inclu-
ding the isomer decay) and implies a spin of about 4 units .
higher than the average value (Table 2.11.1), namely I = 62 Ti
from which the effective moment of inertia is "£y/h2 = 155 MeV .
This is comparable with values found in other nuclei in thir
mass range (e.g. Hillis et al. op. cit.).

The origin of the dipole bump a. 400 keV has been a
matter of considerable interest (e.g. Newton et al., Phys.
Rev. Lett. 4£ (1978) 625) . Prom the E y correlated multiplicity
spectra (Fig. 2.10.1) we can infer that the dipole bump in
I47cd appears to be associated with the decay of levels in a
relatively narrow spin range. For example, the peak of the
multiplicity spectrum at 130 MeV bombarding energy is closely
correlated with the dipole bump, indicating that this feature
originates at spins higher than the average at that bombarding
energy, namely I > 42 fi (cf. Table 2.10.1). However, at high-
er bombarding energies, the dipole multiplicity bump vanishes,
implying that the states giving rise to the dipole bump then
lie at or below the average spin populated I < 48 n for 140
MeV bombarding energy. This surprising locairzation is
corroborated by the lack of variation in the average number of
transitions in the dipole bump with input angular momentum.
An interesting speculation would be that the dipole emitting
states at I n-- 45 -& bridge a transition between two rather
different nuclear shapes or coupling schemes.

Table 2.11.1

Properties of Cascades Preceding the 760 ns(49/2 )

Isomer in 147Gd with the 124Sn(28Si,5n) reaction

Bombarding

Energy (MeV)

Average
Cascade

Multiplicity

Multiplicity
of Discrete
Transitions

Multiplic ity
of Statistical
Transitions

Average No.
of Statistical
Transitions
per Cascade

130

140

150

156

13.9

17.5

21.5

23.4

12.2

16.0

21.1

23.6

±

±

±

.6

.4

.5

.4

12.2

15.5

18.9

20.5

±

±

±

±

.2

.3

.5

.5

4.6

4.9

! 5.1

6.3
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2.12 Average Neutron Kinetic Energies in the Sn ( Si,5n) Gd
Reaction

D. Ward, N. Rud, H.R. Andrews and P. Taras (University de
Montreal)

From the analysis of the primary y-spectra leading
to the 760 ns <49/2+) isomer in 147Gd described in Sect. 2.11
we can measure the average total energy of the y-ray cascade.
Results are shown in Table 2.12.1, The average neutron
energy, E n, can then be derived from the known reaction Q-
value and incident bombarding energy. The values show a very
strong and unexpected correlation with bombarding energy.
Previous data of Hillis et al. (Nucl. Phys. A325 (1979) 216)
on the reactions of 40A with 124Sn have shown a strong
correlation of E n with the number of outgoing neutrons, as
might be expected; however, they did not measure one reaction
channel as a function of bombarding energy. Calculations in
the code GROGI are currently in progress.

Table 2.12..1

124 28 147
Energy Balance in the Sn( Si,5n) Gd Reaction

152
The Binding Knergy of 5 Neutrons in Gd is 40.8 MeV

Bombarding
Energy
(MeV)

130

140

150

156

Excitation
Energy

152Gd(MeV)

67.8

75.9

84.1

89

Average
Energy
(MeV)
of the

Y-Cascade
Preceding the
760 ns Isomer

15.2 +0.8

20.1 + 1.0

25.4 ± 1.3

27.8 + 1.4

Total Y
Cascade

E x Isomer Energy
(MeV) (MeV)

8.587 23.8 + 0.

- 28.7 + 1.

- 34.0 ± 1.

- 36.4 + 1.

8

0

3

4

0

1

1

2

Average
KE of a
Neutron
(MeV)

.64 ±

.28 +

.86 +

.36 +

.16

.20

.26

.28

2.13 Observation of High Energy y Rays (Ey= 14 MeV) in Heavy Ion

Induced Reactions

B. Haas, D. Ward, P. Taras {Universite de Montreal),
J. Keinonen (University of Gottingen)

Very recently Newton et al. (Phys. Rev. Lett. ̂ 6.
(1981) 1383) have observed spectra of y rays in the 2-30 MeV
range with 40Ar induced reactions leading to the compound
systems 150Qd and lfi4Er • Shoulders in the spectra for
Ey >_ 10 MeV were interpreted as arising from the decay of
giant dipole resonances (GDR) built on states of high energy
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and spin, but no attempt was made to identify the nuclei in-
volved. The aim of the present work was to see whether
structure of the GDR exists and identify the final nucleus
via a delayed coincidence technique. The observation of the
structure in the resonance peak should provide very interesting
information on the nuclear shape at high excitation, since in
deformed nuclei with two principal radii, the GDR is split into
two components E x and E2r the separation E1-E2 being propor-
tional to the magnitude of the deformation, and the ratio of

a (Ei)
their intensities „ ,„ . is equal to 1/2 (2) for oblate (prolate)
nuclei. O ( E 2 )

T E C I C O *

1 5 0 In our experiments the compound systems ' Er
and Gd were formed by bombarding 124,12bire an(j 122gn
targets, evaporated on thick lead backings, with ^23(155 MeV)
and 28gi(i4o MeV) pulsed beams. Gamma rays were observed at
90° to the beam direction with a detection system comprising
a 7.6 cm long by 7.6 cm diameter Nal(Tfc) crystal inside the
25.4 cm long by 25.4 cm diameter off-axis Nal(Tfc) anti-Compton
shield. Data were accumulated in a variety of modes? however,
we describe here only results from the pair mode, in which the
pulse of the small crystal was encoded if it was in coincidence
with simultaneous y511 keV events in the two halves of the big
crystal.

The energy calibration (range 1-25 MeV) as well as
the detector response function were obtained with sources of
8 8Y, 24Na, PuBe and high energy y rays produced in the H B (
reaction. With a few nA - 7.5 MeV proton beams we observed,
with essentially no cosmic background, che 22.83 and 18.40
MeV y rays of " c with an energy resolution of about 3.7% FWHM.

32 28
The pulsed S and Si beam (̂  10 nA intensity),

bunched to ^ 4 ns at a separation period of 400 ns and 800 ns,
respectively, allowed us to impose time windows that selected
radiations prompt with respect to beam burst.

In the range 6 < Ey < 8 MeV the singles y spectra
for the three different compound systems showed an exponential
falling tail, composed of the statistical transitions deexciting
the product nuclei after neutron evaporation. However, all
spectra rose higher than this exponential at energies above
9 MeV, confirming the results of Newton et al. After sub^
tracting the contribution of the statistical transitions we
observed 180 e.vents in the case of 1 5 6Er , 245 events in the
case of 150Gd and 150 events in the case of 162gr . These
events were distributed in the energy range of 10 to 17 MeV,
but with the poor statistics, no definite conclusion about
structure in the lineshape could be drawn at this time. The
events for the three compound systems were recorded in 38,
23 and 18 hours, respectively.
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To identify the nuclei involved we used an array of
8 Nal(TA) detectors (each 7.6 x 7.6 cm) positioned ^ 17 cm
from the target to detect selectively the decay of character-
istic isomers in a period delayed with respect to the beam.
Events in which the pair spectrometer was prompt in beam and
in delayed coincidence with the array were encoded. For the
156Er compound systems, we chose 50 £ T £ 230 ns, thus
selecting prompt Y transitions feeding low spin isomers in
154Er(T = 58 ns, 1=11), 153Er(t = 380 ns. 1=27/2) and
1 5 3 H O ( T = 330 ns, 1=33/2) whereas for 150Gd the time period
was 150 <_ T < 700 ns and favoured prompt feeding of the high
spin isomer In 147Gd (T = 760 ns, 1=49/2). From Y spectra
recorded with a Ge(Li) counter we have measured the total
effective coincidence efficiency of the array to be ^ 10% for
the Er and Ho isomers and 20% for the Gd isomer. The coin-
cidence y spectra in the shielded Nal detector show, in the
same energy range as the. singles, 10 < Ey < 17 MeV, 22 events
in the case of l56Er* and only 4 events in the case of 150Gd*.

For Er it then appears that most of the high
energy Y radiation is associated with feeding of the 2n, p2n
and 3n channels above spin ^ 12. These are the expected final
nuclei since the emission of a ^ 15 MeV Y~ray is energetically
equivalent to the evaporation of 2 neutrons. For the 150cd
system, the high energy Y rays do^not appear in the 3n channel
leading to the final system 147Q3 f however, it may be that
they are associated with low spin entrance channels and are
not involved with events leading to the 49/2 isomer.

The system is being modified to improve its
detection efficiency. Further experiments are planned which
should permit more definite conclusions concerning the feeding
pattern of these high energy Y rays and the
structure in the GDR bump found in the present work.

2.14 The ct-Decay of 162Hf and 163Ta

U.J. Schrewe, E. Hagberg, H. Schineing (Neutron & Solid State
Physics Branch), J.C. Hardy, V. Koslowsky, K.S. Sharma and
E.T.H. Clifford

162
The previously unknown nuclide Hf has been pro-

duced by the 142Nd(24Mg,4n) reaction (PR-P-129: 2.15; AECL-7328)
One alpha group with an energy of 4308 + 10 keV and several
Y-rays were assigned to the decay of this nuclide. The half-
lives determined from the decay curves were statistically
consistent and gave a mean value of(3.7±0.8)s.

The assignment of the new activity to Hf was
partially based on the fact that the new y rays were coincident
with both Lu x rays (162Lu being the beta-decay daughter of
162Hf) and annihilation radiation. Furthermore, in a cross-
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bombardment with a Pr target (compound nucleus: Lu;
while 166Hf is the compound nucleus with the 142Nd target)
the new a and y rays were absent. The excitation functions
for the (24Mg,xn) reactions could also be established from
the bombardment of the 141Pr target since the decays of
160-162L U a r e Well known. The excitation function obtained
for the 4n channel was in excellent agreement with the
excitation functions determined for the new a and y rays
seen from the l^jjd target, again an indication that the new
activity originates from ^^Hf.

The mass of 1 5 8Yb, the a-decay daughter of 162Hf is
already known. The masses of 162Hf and of the four heavier
nuclides known in the same a-decay chain can therefore be
deduced from the present experiment. The mass excess of the
nuclide found at the top of this chain, 1 7 8Hg, which is 18
neutrons lighter than the closest stable mercury isotope,
could be derived with an uncertainty of only 30 keV (see
Table 2.14.1). This work has been completed and presented at
the 4th International Conference on Nuclei Par From Stability.

Table

Data on a-Decay Energies

Nucleus

162Hf

166W

1 7 0Os

174pt

178Hg

Ea
(keV)

4308(10)*

4739( 5 )

5400(10)

6035(10)

6430(6)

2.14.1
and New Mass

(keV)

4417(10)

4856( 5 )

5530(10)

6177(10)

6578( 6 )

Excess Values

Mass Excess

-49

-41

-33

-25

-16

(MeV)

.18(3)

.89(3)

.94(3)

.34(3)

.33(3)

Present measurement

If the masses of nuclides in the neighbouring a-
decay chain, starting with ^ 7 5Au, were known then very precise
values for the proton separation energies of these nuclides
could be derived. However, this a-decay chain is not yet
linked to a stable nuclide with a well-known mass. The two
missing links are the QB-value of l

47Tb and the Qa-value of
163Ta. Predicting these unknown Q-values from systematics
one would conclude that two nuclides in this a-decay chain,
•L7:>Au and 1 7 1Ir, are unbound towards ground state proton
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emission. It is therefore of considerable interest to
measure, rather than estimate, the two missing Q-values in
order to get a reliable value for the proton separation
energies of 1 7 ^ U and *

71Ir.

1 6 3 We have performed an experiment aimed at producing
Ta with the reaction 127I(40Ca,4n). Our preliminary

results indicate that this nuclide has a weak alpha branch
with a Qa value of 4.62 ± 0.03 MeV.

2.15 K x-Rays from TA in Coincidence with Fission Fragments from

O Bombardment of Ta

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

Our studies of K x rays from long-lived compound
nuclei preceding heavy-ijn-induced fission have continued with
the study of 1 6O bombardment of Ta. The experimental
arrangement was the same as that described earlier (PR-P-129:
2.9; AECL-7328 and PR-P-128: 2.9; AECL-6452).

Measurements of coincidences of fission fragments
and x rays were made for 97 MeV ^O bombardment of a 200 yg/cm2

thick foil of tantalum metal. A total of 160 x 106 fission
fragments struck the avalanche detector of which 625 ± 327 had
a TJ, Ka^ x ray in coincidence (after correction for background) .
For an estimated ionization probability of .012, this number
of x rays corresponds to a long-lived component of 27 ± 14%.
This value is in good agreement with the long-lived component,
determined from crystal blocking lifetime measurements in the
neighbouring system Pb, produced in 16O + W and 19F + Ta
fusion reactions at similar bombarding energies.

The large uncertainty in the x ray intensity arises
from the Compton background under the x ray lines of interest.
Methods of suppressing this background are being considered.

2.16 Radioisotope Dating with the MP Tandem Accelerator

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

A five day run was carried out in May 1981. The
improvements reported previously (PR-P-129: 2.23; AECL-7328)
have now made it possible to operate with a larger injection
aperture without degrading the 14C detection spectra. This
provided an increase in the transmitted beam currents of
approximately a factor of two. An attempt was made to reduce
the system background by flushing the ion source vacuum chamber
with J-4C-free C0 2; the results were inconclusive.
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The performance of a number of pyrolytic graphite
samples, prepared by cracking acetylene on hot Ta wires, was
tested. No significant increase in beam current was observed.
In addition, the system background was found to be a factor of
10 higher than that observed with our standard sample form
of carbon-iron powder.

Seven samples of archaeological interest provided
by the National Museum of Man, Ottawa, were measured. Prelimi-
nary results are summarized in Table 2.16.1; details of the
sample preparation are given elsewhere (PR-HS-8: 3.14;
AECL-7409). For sample NMC 901 our result is in good agreement
with a radiometric measurement done on a portion of the
identical sample. In three other cases, reasonable ages
ranging from 8000 to 17000 years were obtained. However,
for one charcoal sample and two Mammoth bones, our results
are in serious disagreement with the radiometric measurement
obtained for samples quoted as being "similar to" or "from the
same site as" these samples. In two cases (NMC 1219, 1220) only
small amounts of carbon were available for analysis and the
probability of contamination cannot be dismissed. In the third
case (NMC 350^ however, the discrepancy is real.

NMC

NMC

NMC

NMC

NMC

NMC

NMC

Table 2.16

14Summary of C ]

Sample

350 (Charcoal)

901 (bone)

1216 (bone)

1220 (Mammoth)

1219 (Mammoth)

1218 (Mammoth)

1221 (Mammoth)

. 1

Results

Age a )

Accelerator
Measurement

60 ±

2325 +

8510 +

13430 +

3800 +

13260 ±

1740.0 +

500

400

400

600

900

500

1000

(Years)

NMC Values

1870 + 75 b )

2610 + 65 c )

9000d)

29000 + 1200b)

29000 ± 1200b)

16000d)

16000d)

NMC - National Museum of Canada

14
a) Age calculated assuming C half life of 5570 years and

NBS oxalic acid to be 105% modern.
b) Radiometric age for samples "similar to" or "from the

same site as" these samples.
c) Radiometric measurement of a portion of the identical

sample.

d) Estimated values.
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2.17 Calculation of Gamma Decay Widths

J.C. Hardy

A paper has been written describing a calculation
of average radiation widths <Ty> that is specifically
applicable to exotic nuclei where little spectroscopic in-
formation is available (PR-P-129: 2.17; AECL-7328). The
calculations were tested against 62 near-stable nuclei and
the five exotic nuclei (65Qa, 6 9As, 73Br, 99Ag & 115I) for
which <Ty> has been measured. Excellent results were obtained
with level densities calculated according to the back-shifted
Fermi gas model.

2.18 Decay Experiments to Test 3- and y- Strength Functions

J.C. Hardy

A paper has been written establishing current
knowledge of 3- and y- strength functions as observed through
3-delayed proton decay. The decays of six delayed proton
precursors have been studied with the particle-x-ray coincidence
technique, yielding a more or less detailed view of level widths
in the proton-emitting nuclei. The results lead to a reevalu-
ation of existing techniques for calculating level densities
and average gamma-decay widths in exotic nuclei (see 2.17).

With these aspects of 3-delayed proton decay
specified, the proton energy spectra of fourteen precursors
(65 _< A <_ 121) were analyzed for evidence of structure in
the 3-strength function. Overall, the "gross theory" 3-strength
functions were found remarkably reliable, although some system-
atic deviation - an increased rate of change with excitation -
was observed in the xenon and tellurium isotopes.

2.19 Tandem Electronics

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

Mechanical construction and base wiring of four of
twenty-six power supplies for the new tandem/SCC ion source
have been completed. Testing of their internal functions
awaits the fabrication of printed circuit boards from the
E.I.&P. Branch. Drawing for modifications on five more cir-
cuit designs are underway.

Printed circuit board layout for the fibre optic
coupled current monitor for use in the terminal and/or dead
sections of the tandem has been completed and the necessary
negatives for boards forwarded to the board production people.

A prototype chassis for the audible radiation alarms
has been completed and tested.
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2.20 MP Tandem Operations

J.C.D. Milton

There were two major tank openings during the quar-
ter, one to re-install tube magnets in the Brookhaven
configuration to allow faster voltage conditioning, and the
second to install the new horizontal and vertical steerers
after the first accelerating tubes. After the second opening
some pressure sensitive vacuum leaks appeared in the accel-
erating tubes and caused very considerable lost time. At the
end of the quarter the leaks were still causing trouble.

During the quarter 8 experiments were performed in-
volving CRNL and 13 visiting scientists. The visitors
participated in experiments occupying 89% of the experimental
time, during which they provided 49% of the effort.

Table 2.20.1

MP Tandem Availability 1 April - 30 June

Hours %

Beam Available
Scheduled Shutdown
Unscheduled Shutdown

2184 100.0

2.21 Direct Mass Measurements with the Isotope Separator

K.S. Sharma, J.C. Hardy, H. Schmeing (Neutron & Solid State
Physics Branch), G.M. Hebb and V.K. Koslowsky

A pair of deflection plates (and associated elec-
tronics to switch their 5 kV bias) have been installed at
the entrance to the beam transport line. The plates are used
to deflect the separator beam, thus ensuring that no spurious
activities reach the counting station while the accelerating
potential is being set.

The software for the experiment has been modified
to include a display program that runs independently and in
parallel with the main data-acquisition program. Thus, it
has been possible to increase the options available for on-
line analysis of the acquired data without compromising the
data acquisition. An added feature is that this program
runs detached from any teletype terminal and is controlled
entirely from the console of a selected display unit.

The first on-line mass measurement test is
scheduled immediately.
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2.22 Isotope Separator Resolution

H. Schmeing (Neutron & Solid State Physics Branch) and
K.S. Sharma

The resolving power of the isotope separator, which
we reported previously to be R = 8000, is in principle
limited by a) magnet aberrations, b) the virtual slit width
of the ion source, c) the energy spread of the ions emerging
from the plasma meniscus and d) instabilities of the accel-
erating voltage. Since an even higher resolving power is very
desirable for direct mass measurements of radioactive isotopes
as well as for the resolution of mass multiplets, a program
has been started to determine the actual performance limitation.

In the process of measuring the high voltage ripple
contribution to the separator line width, a subtle design
error was discovered in the high voltage power supply, as a
result, the ripple performance actually was at the 1 x 10"^
level, rather than at the 2 x 10"5 level claimed by the manu-
facturer and accepted by us. Through modifications we were
able to improve the performance to 4 x 10~5, but substantial
further work is necessary to reach and surpass the original
specifications. Using a strobe technique, which partially
eliminates the effect of high voltage instabilities, we
measured a resolution of R = 14000 with the Bernas source
at 40 kV.

Apparatus to measure the intrinsic energy spread of
the ion beam is in the design stage.

2.23 Isotope Separator Ion-Optics

K.S. Sharma, G.M. Hebb, J.C. Hardy and H. Schmeing (Neutron
& Solid State Physics Branch)

A computer program, TRIO, to analyze the ion optics
of mass spectrometers, in the third order approximation,
(Matsuo et al., Mass Spectroscopy 24, (1976)) has been
obtained from one of the authors. A modified version of this
program is being used to study the ion optical properties
of the CRNL on-line isotope separator.

The effects of the a and 3 parameters on the
aberrations of the magnet have been studied in order to assess
the limits to the performance of the separator in its present
form. Possible designs for an electrostatic sector which,
when added to the existing magnet, would further enhance the
performance of the apparatus as a mass spectrometer are also
being evaluated.
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2.24 Ion Source Development for the On-Line Separator

H. Schmeing (Neutron & Solid State Physics Branch), J.S. Wills,
G. Harris and J.C. Hardy

The development of the He-jet ion source system is
progressing on schedule (PR-P-129: 2.19; AECL-7328). The
machining of the ion source proper and the manifold have been
completed. The complete drawings for the ion source base
flange, the manifold base flange and the mechanical support
structure for the source have been submitted to the workshops.

The testing of the prototype flash arrestor
(PR-P-127: 2.22; AECL-7102) has been resumed. We have con-
firmed a deviation between predicted and measured breakdown
voltages of more than one order of magnitude. This probably
results from inadvertently introduced sharp edges rather than
from intrinsic properties of the grids used. A solution to
this puzzle is necessary for the operation of the He-jet sys-
tem in the current separator configuration.

2.25 Isotope Separator Operation

H. Schmeing (Neutron & Solid State Physics Branch), J.C. Hardy,
W.L. Perry and J.S. Wills

The isotope separator was used for target implant-
ations for two weeks; the targets were subsequently used for
precision Q-value measurements (Sec. 2.6). The balance of
the report period was spent on system improvement, with par-
ticular emphasis on the high voltage ripple performance (see
Sec. 2.22). No on-line runs were scheduled.

2.26 The Half-Life of i:L1In

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

The decays of two separate preparations of In
have been followed with our 4iry ionization chamber (PR-P-129:
2.34; AECL-7328) for determination of the l^In half-life.
The two results are 2.8048 ± 0.0001 and 2.8049 ± 0.0002 days,
where the standard deviations are given. An impurity of
114inm w a s foun(j i n both samples, but the amounts differed by
a factor of four. Assuming the uncertainty in the impurity
assay is ±20%, we conclude that the systematic uncertainty
from this source is ±0.0001 day, and consider other sources
of systematic uncertainty, e.g. purity of the 226R 3 reference
source (AECL-6692) to be negligible here. Our final value is
2.8048 ± .0004 days for a confidence level of 95%. This is in
good agreement with values determined recently at the U.S.
National Bureau of Standards (NBS) and the German Physikalische-
Technische Bundesanstalt (PTB) of 2.8048 ± 0.0005 (unpublished)
and 2.8045 ± 0.0008 days (PTB Annual Report, 1973) respectively,
but does not agree with the value of 2.83 days given in
current compilations of nuclear data.
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2,27 Assay of Mixtures of 32P and 33P

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

Two assay problems recently faced in our work in
support of contracts were the determination of the 32P and 33P
components in mixtures of the two isotopes having 33p/32p
ratio of about 0.01 and 2. Both isotopes are pure $~ emitters
with end-point energies of 1.71 and 0.249 MeV and half-lives
of 14.29 and 25.4 days, respectively.

33 32
The case of one or two percent P in P is judged

to be a difficult problem, because of the similarity of the
two half-lives (Report NAS-NS 3109, 1965). We have used an
empirical approach in which precise decay data are accumulated
in our 47r(PC) with the automatic sample changer, and a
"calibration curve" of half-life versus isotope ratio is used.
The calibration curve is prepared from simulated data, in which
counting rates are calculated for an assumed ratio using the
same elapsed-time values as for the real data; then these
simulated data are least-squares fitted to get the best half-
life value for a single-component decay. A plot of half-life
value versus isotope ratio is prepared from such calculations,
which gives a straight line over the region of interest (iso-
tope ratio up to 0.03). Then the real data are fitted to get
the best single-component half-life value, and the isotope
ratio to which this corresponds is read from the plot. A
calibration curve for a data-accumulation period of 2 half-
lives of 32P (four weeks) gives a precision of about 10% for
a ratio of 0.01; for a period of only one half-life, the
precision is reduced to about 30% but gives values consistent
with those obtained over longer periods of time. This reduced
precision is deemed adequate for commercial purposes and offers
two advantages: (1) it gives an estimate of the isotope ratio
within a tolerable period of time, and (2) data accumulation
can be handled conveniently with an automatic sample-changing
system. It avoids the necessity to accumulate precise data
over several half-lives, which normally is required to resolve
complex decay curves by an iterative procedure; the attainable
precision with smaller quantities of data by such a procedure
is being investigated.

For P- P mixtures in which p predominates, 3-ray
spectrometry with a plastic scintillator, NE-102, has been
used. The area of the spectrum with energy greater than 500
keV is observed and compared versus that for a standard of 3 2P.
A precision of ±2% is obtained in the 32P content by this
method. The accuracy of the 33P content, obtained from the
differences between the total 4TI(PC) rate and the 3 2P content',
is ±4%; most of the uncertainty comes from self-absorption for
the low energy 3 particles. This can be improved by
efficiency-tracing, but at a substantially higher cost in
effort.
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2.28 4TTY Counting
L.V. Smith and J.S. Merritt

A preliminary investigation has been made into 4TTY
counting by using two borrowed Nal(T£) crystals, each 12.7 x 15
cm in 0.8-mm thick aluminum cans, and with RCA 4525 phototubes.
The crystals were arranged face to face with a gap of 1 mm
between them. Two Tennelec TC203 amplifiers were used with
time constants of 0.5 ys. The outputs from the amplifiers
were fed to single channel analyzers for y-ray energy discrimi-
nation, and thence to a dual gate generator for dead-time
regulation (4 ys). Photopeak efficiencies and total efficien-
cies for y-zay energy windows of 60-1500 keV were recorded for
assorted y-ray standards, and from these data the expected
efficiencies for counting 133Ba an(j 1 3 4 Q S w e r e deduced.
These agreed with observed efficiencies within the experimental
errors, which were « 3%. Most of this rather large uncertainty
comes from background interference, which is "^ 1600 counts/s
for these large detectors without shielding. With proper
shielding we conclude that the 4TTY counting method would be a
good and fast method for assay of such nuciides as 133ga
which involve complex decay schemes and low energy radiation,
and which are of increasing importance for nuclear medicine.

2.29 Standards for Stack Gas Monitors for Bruce B

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

Xe-133 was the first of the noble gas standards to
be issued for the Bruce B stack-gas monitoring system. These
standards are in the form of noble gas-air mixtures at atmo-
spheric pressure in 10-L flasks which were designed by the
Instrument Development Branch to resemble those specified by
the Engineering Company for the stack-monitoring system. A
5-mL ampoule of standardised 133xe gas obtained from the U.S.
National Bureau of Standards (NBS) was measured in our 4TTY
ionization chamber versus a 2 2 6 R 3 reference source, period-
ically over a four-week period, until the 10-L flasks were
available. From these data a calibration factor for 133

1 3in our chamber was obtained. Small impurities of 1 3lxe m and
133Xem w e r e present. Finally the contents of the ampoule
were diluted with a measured quantity of xenon gas, and an
aliquot of the resulting dilution was mixed via a circulating
pump with the air in a 10-L flask.
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2.30 Standards Issued

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

32
P - Commercial Products

P - Commercial Products

Cl - Medical Research

99
Tc - Medical Research

Ba - Analytical Science Branch, WNRE

133
Xe - Environmental Research

Xe - Instrument Development

152
Eu - Nuclear Physics (2)

2.31 Target Preparation Laboratory

J.L. Gallant and P. Dmytrenko

In addition to normal target preparation for tandem
experiments, gallium arsenide crystals used in the polarized
electron source were anodized. The anodization process makes
the GaAs crystals more efficient as a source of polarized
electrons.

Recovery of Indium
Indium is used as metal vacuum seals in experimental

lines in the tandem accelerator. The target laboratory has
fabricated a small extrusion device from a design provided
by Queen's University and is now recycling indium in the form
of 1 mm and 1.5 mm thick wire. Five hundred grams of indium
were also recovered for the Neutron and Solid State Physics
Branch.

Work done for other branches
Targets of Pb, Bi, Cu and Co were prepared for the

Solid State Science Branch. Laser mirrors were gold coated
for the Physical Chemistry Branch.

2.32 Preparation for the Implementation of the Superconducting
Cyclotron Facility

J.C.D. Milton

A committee called the Superconducting Cyclotron
Installation Committee (SCC IC) comprising 21 sub committees,
or groups, has been set up. The Committee holds weekly meet-
ings, the first was 1981 April 08, at which the groups report
their progress. A complete list of these groups, with their



- 38 -

leaders is given in Table 2.32.1. All groups, except No. 18,
Special Projects, are active. Summaries of the progress of
selected groups follows.

Table 2.32.1

SCC IC Groups and Leaders

GROUP LEADER(S)

1. a) Computer Control : General
b) Computer Control : Console

2. BEAM TRANSPORT SYSTEM
: Magnets & PS

3. BTS : Vacuum & Supports

4. BTS : Diagnostics

5. BTS : Multiplexer

6. a) Tandem : Improvement
b) Tandem : Turnaround

7. Ion Source & LE Injection

8. Development of HI Beams

9. Cabling & Electronics

10. Data Acquisition

11. Quality Control

12. Experimental Equipment : New

13. Experimental Equipment : Relocation

14. Building Liaison

15. a) Safety & Interlocks
b) Safety : Radiation Monitors

16. User Groups

17. Stripper Foil Development

18. Special Projects

R.L. Graham
N. Burn

W.G. Davies

W.G. Davies

T.K. Alexander

J.S. Geiger

N. Burn
L. Bender

N. Burn

H.R. Andrews

J.S. Forster

J.S. Forster

R.L. Brown

D. Ward

J.C. Hardy

J.C.D. Milton

G.C. Ball
J.P.D. O'Dacre

A.B. McDonald

J.L. Gallant

F.J. Sharp
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2.33 SCC Control System Operation

R.L. Graham, W.F. Slater, L.D. Hansen (Mathematics and Compu-
tation Branch) and B.P. Greiner (NRX Reactor Branch)

At the beginning of the quarter there were some
problems with one of the two disc drives which interfered
with the field mapping of the cyclotron main magnet for a
week. Otherwise, the PDP-11/34 system has performed reliably.
Since field mapping measurements are time critical they are
done with a "real time" dedicated MUMT1 program which cannot
be swapped from memory. The several other users have fre-
quently found the system to be very busy, almost to the point
of paralysis at times.

A new procedure has been developed to control the
size of the large file containing MUMTI programs and associated
data files on disc. Regular archiving onto magnetic tape has
now become necessary as the two discs are > 90% and > 75%
filled making it difficult to find space for large contiguous
files.

2.34 Mimic Diagrams on the SCC Colour TV Monitor

S. Roman and L.D. Hansen (Mathematics and Computation Branch)

The software used to create and utilize mimic
diagrams at the TEXTOR Project at the Institute for Plasma
Physics, Kernforschungs-Anlage, Julich, Germany is being
studied. Flow charts of most of the routines have been gen-
erated and testing has been done. This software was designed
to be compatible with the VICKSI software now installed in
the SCC control computer. This package makes it very easy to
generate symbols and combine them to create mimic diagrams of
the cyclotron system and hopefully to provide an easy-to-
understand way for operators to view the status of the system
on a TV monitor.

2.35 SCC Control System Hardware Construction

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

One manual status pulse output (SPO) module has
been constructed and tested. An order for construction of
nine additional manual SPOs will be placed.

Six manual stepping motor control (SMC) modules
have been built. One is being used by P. Hurley (NRX) along
with a potentiometer driven manual position measuring unit to
develop a gas valve controller that can be interfaced to the
CAMAC system. A second manual SMC module has been loaned
to operate an experimental recoil-distance "plunger" assembly.

Some years ago several Y33A alphanumeric display
driver units were made for driving the 8-character LED display
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indicators on knob modules. The original design had only a
64 upper-case character set. These are being modified to
accommodate a 128-character set including lower case letters
and certain superscript characters. To accomplish this a
modification of the Kinetic Systems PROM programmer is being
made.

2.36 Hardware for the SCC Control System in Phase I

R.L. Graham, R.B. Walker and L.D. Hansen (Mathematics and
Computation Branch)

The status of ordering the additional CAMAC modules
(PR-P-129: 2.30; AECL-7328) and other hardware needed to com-
plete the control system for Phase I is as follows:

I T E M

SPO CAMAC modules

Waveform display scopes

Y33A alphanumeric display
drivers

Touch Panel displays

Raster scan hard
copy unit

Touch panel display driver

Colour TV display driver

Scanning ADC CAMAC
modules

Input gate/output register
(IGOR) CAMAC modules

Stepping motor controller
(SMC) CAMAC modules

CAMAC crates

A2 crate controllers

L2 crate controllers

Fibre optic coupled U-port
serial highway adapters 15 6 on order

No. Required

50

4

18

7

1
r 8

4

38
c

250

75

25

7

25

Status

quotes received

quotes received

out on quote

on order

delivery in August

on order

on order

delivery in August

specification
completed

revision to be
specified

quote to be placed

on order

on order

Any decision regarding a backup computer will be
deferred until the SCC control room situation becomes clear.
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2.37 Scanning ADC Test Procedure

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

An automated test procedure for checking the six
existing and thirty eight ordered scanning ADC CAMAC modules
is being developed for the SCC control system. The test unit
will be based on an existing twelve channel, 12-bit multiDAC
CAMAC module plus a non-CAMAC unit containing a precision
power supply. A MUMTI program will be used to carry out the
quality assurance testing procedure.

2.38 Universal Handshaking IGOR Interface

R.B. Walker

A large number of SCC devices will be interfaced to
CAMAC via input gate/output resistor (IGOR) modules. Since
some devices already purchased, such as power supplies, and
some off-the-shelf devices to be bought are not designed for
interfacing to CAMAC, an appropriate method to do so is re-
quired. For this purpose a universal IGOR interface unit is
being developed that will make full use of the handshaking
features of the newly specified IGOR module, which will be
purchased in quantity. When the design is finalized, printed
circuit boards will be used.

2.39 Four-Module Prototype SCC Control Console

N. Burn, B.F. Greiner, P.I. Hurley (NRX Reactor Branch),
L.D. Hansen (Mathematics and Computation Branch), R.L. Graham
and R.B. Walker

On April 8, 1981, a work order was placed for a four
module prototype control console; delivery is expected by
September 01. Meanwhile a fibre board mock-up has been used
to determine the equipment layout that will be used in the
two basic types of console modules. A control module will in-
clude a touch panel, two assignable knobs and meters and a
video display terminal. A monitoring module will include dual
scopes, assignable and permanently assigned meters, a multi-
plexer control unit and a patchable signal cable terminal strip.
Orders for some of the control console hardware have been
placed. When the SCC control room situation becomes clear
the plan is to expand to a twelve module control console.

2.40 Progress on the Injection Beam Line for the Chalk River
Superconducting Cyclotron

W.G. Davies, H.R. Andrews and A.R. Rutledge, K.J. Brown
and A.S.C. Hyde

Design of the dipoles, quadrupoles, vacuum system
and support systems is progressing satisfactorily. Many small
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changes have been made to the dipoles and quadrupoles to
facilitate installation and alignment of these components.

Detailed mechanical drawings of all quadrupole types
have been received from the manufacturer and have been checked
and approved. Detailed drawings for all dipole magnets have
been received but without details of the mounts. A number of
changes to all dipoles, especially to the vacuum chambers,
was necessary to ease the problems resulting from the limited
space available in the beam line for the necessary vacuum
and diagnostics equipment.

Design of the vacuum system control and interlock
system is progressing. The vacuum system has been simplified,
eliminating 7 valves.

The detailed design of the support system for the
beam line up to the analyzing slits is complete and fabrica-
tion should begin soon. The final design of the bypass line
and the section between the cyclotron and BE1 should be
completed shortly.

Installation and alignment procedures have been
reviewed once again with C.D.K. Marshall, B.V. Donnelly and
M.H. Goldt. The installation of the appropriate survey
targets is proceeding and the details of the installation
plan are firming up.

Injection calculations are proceeding for Ta-12,
1-15, 1-3 and Cl-33. (See PR-P-128: 2.21; AECL-7234.)

2.41 Beam Transport Diagnostics for the Tandem Cyclotron Project

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

Specifications were prepared and quotation requisi-
tions raised for beam line Faraday cups and beam profile
monitors. Work is continuing on the details of their place-
ment and alignment in the beam line. Progress on the
adjustable slit assemblies is reported in section 2.43.

2.42 Tests with Beam Profile Monitors

T.K. Alexander, J.J. Hill and D. O'Dacre

The use of a digital oscilloscope for recording
beam profiles has been tried and is satisfactory for obtaining
quantitative data. Measurements of position jitter and pro-
file width were made from monitors located near the image
slits of the tandem accelerator for *H, *°Ca, 12Q and l°0
beam at different terminal voltages.
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2.43 Adjustable Slit Assembly

N.C. Bray and T.K. Alexander

The prototype unit for the Adjustable Slit
Assembly described in PR-P-126: 2.24; AECL-7055 is now ready
for on-line testing. Complete testing, i.e. of vacuum
quality, computer compatibility and reprpducibility of slit
width setting, has been carried out. Now the slit assembly
will be installed in the beam line just before the present
object slits, this being the position where maximum beam
power is available.

Suitable methods for attaching the tungsten slit
plates to the copper heat sinks are currently being inves-
tigated. All other aspects of the design are now finalized
and ready for quotation.

2.44 Cabling and Electronics

J.S. Forster and R.L. Brown

Planning for cabling in the SCC facility is
proceeding. The work has included: (1) the specification of
new booms, troughing and access openings in the new target
rooms; (2) the measurement of cable run lengths and the
ordering of cable for new experimental target facilities;
(3) assisting others with their cabling requirements (4) or-
ganizing discussion and coordinating diverse cable labelling
needs.

2.45 SCC Safety Systems

G.C. Ball, J.C.D. Milton and N. Burn

A review of radiation hazards, radiation monitor
positions, door positions and interlocks and personnel
movement in the new facility has been completed. The
proposal for a stand alone personnel safety interlock system
was formulated and a revised version of CRNL-1631 was pre-
pared and submitted to the AECB Accelerator Safety Committee
Meeting on May 28, 1981.

2.46 Laser Magnetic Resonance

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

See PR-CMa-57: 3.2.4; AECL-7416.

2.47 Accelerator Measurement of Carbon-14

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

See PR-HS-8, AECL-7409, Section 3.14.
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2.48 Parity Mixing in 21Ne

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

See PR-P-130: 3.17; AECL-7408

2.49 Publications, Reports and Lectures

a) Publications

YRAST ISOMERS AND VERY HIGH SPIN STATES IN 1 4 8' 1 4 9' 1 5 1' 1 5 2
D y

AND ^ G d
B. Haas, D. Ward, H.R. Andrews, 0. Hausser, A.J. Ferguson,
. J.F. Sharpey-Schafer, T.K. Alexander, W. Trautmann, D. Horn,
P. Taras, P. Skensved, T.L. Khoo, R.K. Smither, I. Ahmad,
C.N. Davids, W. Kutschera, S. Levenson and C.L. Dors
Nuclear Physics A362 (1981) 254.

NUCLEAR MOMENTS OF HIGH-SPIN STATES
O. Hausser
Hyperfine Interactions 9_ (1981) 19-38.

AVERAGE EXCITED STATE LIFETIMES IN 73Br
J.C. Hardy, E. Hagberg, P. Asboe-Hansen, P.G. Hansen,
B. Jonson and S. Mattsson
Nuclear Physics A361 (1981) 23.

AVERAGE g-FACTORS FOR HIGH SPIN STATES IN 156Dy
N. Rud, D. Ward, H.R. Andrews, 0. Hausser, P. Taras,
J. Keinonen, M. Neiman, R.M. Diamond and F.S. Stephens
Physics Letters 101B (1981) 35.

LIFETIME OF THE 1.04 MeV STATE IN 1 8F, MEASURED THROUGH THE
INVERSE REACTION 3He(16O,p)18F
J. Keinonen, H.-B. Mak, T.K. Alexander, G.C. Ball, W.G. Davies,
J.S. Forster and I.V. Mitchell
Physical Review 23C (1981) 2073.

CHARGE-STATE DEPENDENCE OF CHARACTERISTIC K X-RAY EMISSION
IN NEAR-SYMMETRIC AND ASYMMETRIC COLLISIONS
W.N. Lennard, I.V. Mitchell, G.C. Ball and P.H. Mokler
Physical Review 23A (1981) 2260.

DSAM LIFETIME MEASUREMENTS IN 26Mg WITH HIGH-VELOCITY RECOILS
K. Dybdal, J.S. Forster, P. Hornsh^j, N. Rud and C.A. Straede
(Institute of Physics, University of Aarhus, Aarhus, Denmark)
Nuclear Physics A359 (1981) 431.

BETA-DECAY OF THE T2=-1/2 MIRROR NUCLEUS
 71Kr

G.T. Ewan, E. Hagberg, P.G. Hansen, B. Jonson, S. Mattsson,
H.L. Ravn and P. Tidemand-Petersson
Nuclear Physics A352 (1981) 13-18.
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b) Reports

DECAY DATA FOR RADIONUCLIDES USED FOR THE CALIBRATION OF X-
AND Y-RAY SPECTROMETERS
A.R. Rutledge, L.V. Smith and J.S. Merritt
AECL-6692, 1980 March

INITIAL FIELD MEASUREMENTS ON THE CHALK RIVER SUPERCONDUCTING
CYCLOTRON
J.H. Ormrod, K.C. Chan and J.J. Hill
AECL-7161, 1980 December

c) Lectures

THE CHALK RIVER ACCELERATOR DATING FACILITY
H.R. Andrews, G.C. Ball, R.M. Brown, W.G. Davies, Y. Imahori
and J.C.D. Milton
Lecture and poster session at the Third International Conference
on Electrostatic Accelerator Technology held in Oak Ridge,
Tennessee, 1981 April 13.

The following talks given at the American Physical Society
meeting held in Baltimore, Maryland, 1981 April 20-23:

LIFETIME MEASUREMENTS OF LEVELS IN 3 0S
T.K. Alexander, G.C. Ball, J.S. Forster, W.G. Davies,
I.V. Mitchell and H.-B. Mak .

CRYSTAL BLOCKING LIFETIME MEASUREMENTS FOR COMPOUND NUCLEI
PRECEDING FISSION RESULTING FROM 1 9F BOMBARDMENT OF A THIN
Ta CRYSTAL
J.S. Forster, I.V. Mitchell, J.U. Andersen, A.S. Jensen,
E. Laegsgaard, K. Reichelt and W.M. Gibson

THE DEVELOPMENT STUDIES OF HEAVY-ION INDUCED FISSION
J.S. Forster
Colloquium presented at SUNY, Stony Brook, 1981 May 05.

RADIOCARBON DATING WITH THE CHALK RIVER MP TANDEM ACCELERATOR
G.C. Ball, H.R. Andrews, R.M. Brown, N. Burn, W.G. Davies,
Y. Imahori and J.C.D. Milton
Paper presented at the Argonne Symposium on Accelerator Mass
Spectrometry in Argonne, Illinois, 1981 May 11,12 & 13.

MEASUREMENT OF THE PROBABILITY FOR 909-keV y-RAY EMISSION
FOLLOWING THE DECAY OF 89Sr
J.S. Merritt, A.R. Rutledge and L.V. Smith
Paper presented orally to the International Committee for
Radionuclide Metrology, Warsaw, Poland, 1981 May 11.

THE NUCLEUS AS A LABORATORY FOR STUDYING WEAK INTERACTIONS
J.C. Hardy
Talk delivered to Royal Society in Halifax, 1981 June 01.
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DETECTION OF TRANSIENT (PULSED) POPULATIONS OF FREE RADICALS
BY THE LASER MAGNETIC RESONANCE TECHNIQUE
J.S. Geiger, D.R. Smith and J.D. Bonnett
Contributed paper presented at the 15th International
Symposium on Free Radicals, Ingonish Beach, Nova Scotia,
19 81 June 2-7.

The following abstracts submitted to the International
Conference on High Energy Physics and Nuclear Structure,
Versailles, FRANCE, 1981 June 6-10:

MUON INDUCED NUCLEAR FISSION IN 2 3 5U AND 2 3 8U
S. Ahmad, G.A. Beer, J.A. Macdonald, G.R. Mason, B. Olaniyi,
A. Olin, 0. Hausser, S.N. Kaplan and A. Mireshghi

SEARCH FOR THE GAMMA DECAY OF SHAPE ISOMER IN MUONIC U
S. Ahmad, G.A. Beer, J.A. Macdonald, A. Olin, O. Hausser,
S.N. Kaplan and A. Mireshghi

DECAY EXPERIMENTS TO TEST 6- AND y- STRENGTH FUNCTIONS
J.C. Hardy
Invited talk given at the 4th International Conference on
Nuclei Far from Stability, Helsingjrfr, DENMARK, 1981 June 7-13.

The following contributions were presented orally at the 4th
International Conference on Nuclei Far from Stability held
in HelsingjzSr, DENMARK, 1981 June 7-13:

FIRST OBSERVATION OF 162Hf DECAY: COMPLETION OF AN a-DECAY
CHAIN
U.J. Schrewe, E. Hagberg, H. Schmeing, J.C. Hardy, V. Koslowsky,
K.S. Sharma and E.T.H. Clifford

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

MEASUREMENTS OF NUCLEAR MOMENTS IN EXCITED STATES
0. Hausser
Lecture given at the Nuclear Chemistry Gordon Research
Conference, New London, NH, 1981 June 15.

The following abstracts submitted to the CAP Annual Congress,
Dalhousie University, Halifax, Nova Scotia, 1981 June 15-18:

g-FACTORS OF HIGH SPIN STATES IN 1 5 2' 1 5 4Sm
H.R. Andrews, 0. Hausser, D. Ward, P. Taras, R. Nicole,
P. Skensved and J. Keinonen

RECENT STUDIES OF THE TIME DEVELOPMENT OF HEAVY ION-INDUCED
FISSION
J.S. Forster
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MUON INDUCED FISSION IN " " ^ AND °U
S. Ahmad, G.A. Beer, J.A. Macdonald, G.R. Mason, B. Olaniyi,
A. Olin, R.M. Pearce, O. Hausser and S.N. Kaplan

SEARCH FOR THE SHAPE ISOMERIC GAMMA DECAY IN MUONIC O OU
S. Ahmad, G.A. Beer, J.A. Macdonald, A. Olin, 0. Hausser,
S.N. Kaplan and A. Mireshghi

Text of the above lectures may not be available in print.
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NEUTRON AND SOLID STATE PHYSICS BRANCH

G. Dolling

Staff

Phonon Lineshape in S-N-

Magnetic and Vibrational Inelastic Scattering in
Uranium Sulphide

Neutron Scattering from Mn 594Zn 4 0 6
T e

Neutron Scattering from Mixed Valent YbAfc,

Simulation of Disordered Spin Systems

Computer Simulation of Magnetic Excitations in the

Diluted Ferromagnet Ni2MnQ gV Q _Sn

Small Angle Scattering from Superoxide Dismutase

UV Damage Effects in Uracil and Isocytosine from

Calculated Neutron Diffraction Patterns

Thermal Dehydration of Cytosine Monohydrate

Analysis of Small Angle Neutron Scattering (SANS)

from a Hollow Cylinder

DNA Base Aggregation in Aqueous Solution

Small Angle Neutron Scattering from Irradiated Zircaloy

The Dependence of Monovacancy and Divacancy Formation

on the Order-Disorder Transition in Alloys

Program for Plotting of Neutron Scattering Results

A High Counting Rate Monitor for the Focal Plane

Detector of the Bremsstrahlung Monochromator
21

Parity Mixing in Ne
12 13

Direct Thermal Neutron Radiative Capture in C and C

(p,n) Neutron Source Experiments

EMTF Neutron Source Characteristics

Reactor Beam-Hole Use

Carbon Trace Impurities in Te, Cd, and CdTe

CdTe Detectors

Supply and Servicing of Detectors

Glass-blowing Services

Machine Shop Services

Miscellaneous Services
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Staff

BRANCH HEAD: G. Dolling

Technical Staff Summer Staff

SECTION I

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

SECTION II

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

SECTION III

J.G.V. Taylor
H. Schmeing

GLASSBLOWING

J.G. Wesanko

SOLID

J.C.
H.F.
M.H.
D.C.

STATE PHYSICS

Evans
Nieman
Potter
Tennant

B

NEUTRON NUCLEAR PHYSICS

W.M.
R.N.
W.F.

COUNTER

Inglis
King
Mills

DEVELOPMENT

M.A. Gulick
L. Milani
W.F. Slater (2)
R.J. Toone

J,
M.

K.

WORKSHOPS

A.H.
H.C.
K.H.

Hewitt

•F. Milton

.A. Latouf

. B. Woods

.W. MacLean

Spenceley
Whitlock

(3)

(4)
(5)

(6)

DESIGN

W. McAlpin
J. Dunn (1)

SECRETARIAL STAFF

A.M. VanDine

(1) Seconded from Design and Technical Service Brmch
(2) Transferred to Nuclear Physics Branch, 1981 April 1.
(3) McGill University student; arrived 15 May 1981
(4) Windsor University student; arrived 19 May 1981
(5) Queen's University student; arrived 4 May 1981
(6) McGill University student; arrived 27 April 1981
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3.2 Phonon Lineshape in E-N^

B.M. Powell

Analysis of the experimental lineshapes of
transverse acoustic phonons propagating along the
hexagonal axis has been continued (PR-P-129:3.3, AECL-7328).
The theoretical cross section derived from the theory of
Michel and Naudts (J. Chem. Phys. ££, (1978) 216) was fitted
to the observed phonons after subtraction of the background
from the A£ pressure cell. It was found that all parameters
in the theory could not be varied simultaneously, since
strong correlations among several parameters caused instabi-
lities in the approach to the minimum. However, with the
phonon-phonon damping coefficient set at zero, good fits
to the data could be obtained.

The relaxation frequency for orientational corre-
lations (X) is found to be always less than or equal to
the phonon frequency (u ) without rotational interactions,
so that for this phonon branch the excitations are in the
"slow relaxation" regime. However, there are two types
of behaviour; where the phonon branch has acoustic character
then X si IO , but where the branch has optical character
then X < u . The corresponding longitudinal branch is
presently Being analysed with the same theory to see if
similar behaviour occurs for these phonons.

3.3 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,
Johannesberg)

The measurements of magnetic inelastic scattering
and vibrational scattering in uranium sulphide previously
described (PR-P-129;3.2, AECL-7328; PR-P-126:3.2, AECL-7055;
PR-P-125:3.8, AECL-6956) have been continued using the C5
triple-axis spectrometer with a Be(002) monochromator and
pyrolytic graphite (002) analyser. The measurement of the
phonon dispersion relations for the three high symmetry
directions has been completed. To search for the magnetic
scattering, measurements have been made with_reduced wave-
vectors along the [111] directions between aQ/2ir =
(-.5, -.5, 1.5) and (002) and between (-.5, -.5, 3.5) and
(004), at 4.2, 81 and 300 K. Strong paramagnetic scattering
is observed at 300 K that extends up to 7-8 THz in frequency
and is strongest, as expected, at the reciprocal lattice
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vectors. Paramagnetic scattering is also observed at
the zone boundary and, although weaker in intensity
than at the zone centre, it pxtends beyond 8 THz in
frequency. At 4.2 K the magnetic inelastic scattering
is much weaker and exhibits no sharp peaks, only an
extended (002) , for example, the magnetic scattering
is at least an order of magnitude weaker at 4.2 K than at
300 K. The temperature dependence of the magnetic
scattering in the ordered phase is more rapid than a
(l+n{u)) population factor. This suggests that an
excited state of the system, with larger matrix elements
for excitations, becomes populated at quite low tempera-
tures .

3.4 Neutron Scattering from Mno.594Zno.406Te

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

Neutron diffraction measurements were made on
Mno.594Zno.4O6Te at 4.2, 25, 77 and 295 K with long wave-
length (4.267 A) neutrons, to extend the previous results
<PR-P--i27;3.10, AECL-7102; PR-P-123:3 . 7 , AECL-7234) to
lower wavevectors. The L3 spectrometer was used in the
diffractometer mode with a graphite monochromator and a
Be filter to remove high order neutrons. An internal
calibration of the scattered intensity was provided
by the (111) and (002) nuclear reflections. No evidence
was found for a peak around (000) comparable in width
to the strong broad peak observed near (l%0). The
cross section near (l%0) was within 10% of that found
previously; however, the cross section at small wave-
vectors is only 50% of the previous value. We interpret
this to mean that an appreciable part of the cross
section at wavevectors far from (l%0) is inelastic, and
that only a small fraction of this inelastic scattering
is detected with the present experimental arrangement.
A temperature-independent, small angle neutron scattering
cross section of the form Q~4 is observed at very low
wavevectors which probably stems from the atomic
constitution of the alloy, and is unrelated to the
magnetic properties.



3.5 Neutron Scattering from Mixed Valent YbAA,

W.J.L. Buyers and T.M. Holden with T. Penney and
B. Barbara (IBM Yorktown Heights N.Y.)

The lattice constant and bulk . modules suggest
that ytterbium has a valency +2.4 rather than the +3
charge state associated with other rare earth dialuminides,
The neutron scattering from an 0.3 mL single crystal
of YbAJl, was measured at 4.2 K and 295 K. No sharp
peaks corresponding to spin excitations were observed
nor was there any sign of the magnetic quasielastic
component observed in other mixed valent crystals. A
search for a weak, broad magnetic response of the type
seen in uranium compounds will be made when a larger
crystal is available. Sharp phonon peaks were observed
at both temperatures and the dispersion relations were
obtained at 295 K for the LA, TA and lowest LO and TO
modes in the (111) and (001) directions. The phonon
properties are similar to those in other rare earth
dialuminides.

3.6 Simulation of Disordered Spin Systems

W.J.L. Buyers and D. Bertrand (University Paul Sabatier,
Toulouse, France)

The spin wave spectrum of the layered antiferro-
magnet F ei_ x

M n
x
F2 h a s keen calculated for x s 0.25.

The crystal consists of strongly interacting ferro-
magnetic layers of spins coupled weakly to adjacent
antiferromagnetically aligned layers. Linear equations
of motions have been solved directly in the frequency
(v) domain to yield the neutron scattering S(Q,v)
for each wave vector, t2- The equations of motion for
the first layer containing up to 120 spins are solved
in the presence of a forcing field from adjacent layers.
Then the solution for the second layer is obtained
with the forcing field from layer 3 and the updated
field from layer 1. The solutions for <all layers ar>
iterated until convergence. Iteration by layers was
found superior to iteration by atom, as might have
been expected from the weak interlayer coupling.
Previous calculations have been improved by averaging
the results over 6 or more randomly selected impurity
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configurations. For a 12x10x6 cell and 6 configurations
S(2,v) is calculated to 4% accuracy.

3.7 Computer Simulation of Magnetic Excitations in the Diluted
Ferromagnet Ni2Mnn aV n 2Sn

W.J.L. Buyers, with K.E. Locke and C.V. Stager (McMaster
University)

The principal theoretical approach, used to obtain
the dispersion relation for magnetic excitations in a
disordered system, has involved the coherent potential
approximation (CPA), suitably extended to magnetic
systems (W.J.L. Buyers, D.E. Pepper and R.J. Elliott,
J. Phys. OS, 1933 (1973)). There are however serious
difficulties in applying the CPA to concentrated magnetic
systems, including an unphysical response of the non-
magnetic ions near zero frequency and spurious features
arising from branch cuts. An alternative approach is to
employ computer simulation techniques, which involve
little more numerical work than the CPA, and for large
systems tends to the exact result. We have used the method
developed by Alben et al. (Phys. Rev. B15, 346 (1977)) to
calculate the magnetic response of the ferromagnetic alloy
Ni2Mno.8vO.2Sn/ f o r comparison with experimental results
obtained by neutron scattering methods (K.W. Locke,
C.V. Stager and W.J.L. Buyers, Phys. Rev. B, to be published)

A large random array of spins with periodic boundary
conditions is generated by the computer program. Using
linear spin wave theory the neutron scattering response,
S(Q,ui), is determined numerically for the finite array.
The method involves solving for the Green functions that
describe the spin waves by integrating equations of motion
forward in time. These Green functions are then Fourier
transformed in space and time to give S($,a>). By averaging
the results of several arrays of different dimensions and
with different spin configurations an approximation to
an infinite crystal is obtained. For three arrays, of
^ 15,000 spins each, the error in S(S,to) is <v 5%, but
in general the accuracy is limited only computer memory
and time. The error in the frequencies of peaks is
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considerably less. The overall agreement with the
simulation results and experiment is found to be rather
satisfactory, although small discrepancies exist, perhaps
because the magnetic exchange constants employed for the
disordered crystal are not the same as in the pure crystal
Ni2MnSn.

3.8 Small Angle Scattering from Superoxide Dismutase

P. Martel and B.M. Powell

Superoxide dismutase (SOD) is a scavenger of oxygen
radicals in many living systems and may therefore give
protection against radiation damage to living cells (A. Petkau
and W.S. Chelach, Biochem. Biophys. Acta 433, 445, 1976).
The enzyme has been crystallized and its solid state
configuration has been determined (Richardson et al. Proc.
Nat. Acad. Sci. USA 72, 1349, 1975). In order to determine
its shape in a cytoplasmic environment we have carried out
small angle neutron scattering measurements on bovine SOD
in Ringer's solution. The specimens were obtained from
Sigma Chemical Co. (St. Louis) and various D-O/H-O solvents
were employed to study the physical properties of the
molecule. Among the preliminary findings we note: (1) The
radius of gyration, Rg, of the molecule in pure D»0 Ringer's
solution is 17.8+0.3A1*and the best ellipsoidal approximation
to i£s shape is prolate with semi-axes of 16.5±0.5A and
33±5A. (2) Rg increases with H-0 concentration indicating
that the outer amino acid shell is differentiated and/or
that there is considerable binding of water molecules to
the external surface. (3) The contrast point is found to
be at 48+2% D-0 whereas in typical proteins, this point
is at 42% D,O. Raman scattering measurements (B.H. Torrie,
unpublished! indicate that our specimens are not as pure
as SOD produced atWNRE. We hope to make further measure-
ments with specimens fr^m this source. Analysis is con-
tinuing.

3.9 UV Damage Effects in Uracil and Isocytosine from
Calculated Neutron Diffraction Pattern

P. Martel and B.M. Powell

Model calculations of the powder diffraction patterns
of crystalline uracil and isocytosine damaged by UV
radiation indicate that the damage in these materials is
such as to produce significant changes in their lattice

*1 A = 0.1 nm
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parameters. After irradiations of <v 9 days with a
254 nm source delivering <L0l6photons.cm""2.s~3- the mono-
clinic lattice parameters of uracil change and a tri-
clinic distortion appears. The lattice parameters change
from a = 11.938±0.001, b=12.3760±0.0009, c=3.6552+0.0003,
<x=90.0, 6=120.90+0.01, y=90.0 to: 11.98+0.02, 12.67±0.2,
3.639±0.005, 91.6610.30, 120.42+0.15 and 89.7010.32,
respectively, where a,b,c are in A and a,g,y in degrees.
In the case of isocytosine the damaged lattice produced by

„n. 10 days of irradiation is well accounted for by changes in
its monoclinic lattice parameters from a=8.745010.0001,
b=ll.412010.0002, c=10.441010.0001, 3=94.8010.01 to:
8.935 10.010, 10.988 +0.007, 10.477 +0.011 and
93.28110.00 8, respectively.

In both uracil and isocytosine the changes in powder
diffraction profile cannot be interpreted in terms of the
accepted dimer configuration (cis-syn), but are analysed
in terms of lattice strain due to incipient dimer formation.

3.10 Thermal Dehydration of Cytosine Monohydrate

P. Martel and B.M. Powell

Thermogravimetric measurements have been carried
out which indicate that cytosine monohydrate loses its
water of crystallization at physiological mammalian
temperatures (^37OC). The measurements were carried
out by measuring loss of weight of powder specimens between
25°C and 57°C. The loss of water was confirmed by
diffraction measurements made with the C4 neutron spectro-
meter, NRU. UV irradiation (254 nm) did not seem to
enhance dehydration at these temperatures.

3.11 Analysis of Small Angle Neutron Scattering (SANS) from
a Hollow Cylinder

P. Martel

The exact formula for SANS from a hollow cylinder
has been derived, programmed and tested. The program in-
cludes the effects of experimental resolution and is in-
tended for analysing SANS results from certain biological
molecules such as annelid hemoglobins and also from line
dislocations in metals.
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3.12 DNA Base Aggregation in Aqueous Solution

P. Martel

Neutron diffraction techniques for studying base
aggregation (PR-P-117:3.2, AECL-6177) have been extended
and applied the two more DNA base derivatives,
2'-deoxycytidine (2'-deocyt) and 6-dimethylaminopurine-9
riboside (6-dar). The extension consists of making
measurements at very small angles as well as at wide
angles. As in earlier work, there is evidence of
additional intensity, due to aggregation, at inter-
plane spacing ~3.4A. The small angle scattering results
indicate that the sizes of aggregated species in 6-dar
are greater than in 2'-deocyt. Known mutagens
(8-methoxypsoralen and ethidium bromide) did not seem to
affect the associative properties of these bases.
Detailed analysis is in progress.

3.13 Small Angle Neutron Scattering from Irradiated Zircaloy

B.M. Powell and S.M. Kim with G.J.C. Carpenter (Materials
Science Branch)

Measurements of the small angle neutron scattering
from a plate of irradiated zircaloy have been made at
the L3 spectrometer in an effort to observe small scale
defects. The observed scattering was found to differ with
the orientation of the plate in its own plane, suggesting
the existence of preferred orientation. The results were
analysed by a Guinier plot and the data for two orthogonal
plate orientations showed a straight line regime at large
angles. The radii of gyration determined from these lines
are (24±2)A and (29±2)A for the two orientations. However,
as the scattering angle approaches zero the Guinier plot
deviates markedly from the straight line showing that
defects with larger radii of gyration are also present. It
is planned to anneal the zircaloy specimen in an effort to
learn the precise nature of these defects.

3.14 The Dependence of Monovacancy and Divacancy Formation
on the Order-Disorder Transition in Alloys

S.M. Kim

The formation of monovacancies and of divacencies
and their dependence on the order-disorder transition in
alloys has been studied theoretically. The monovacancy
formation energy in the ordered bcc AB alloy has been
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found to be E(AB) = E(B) + 8v, where E(B) is the vacancy
formation energy of metal B (E(A) > E(B)) and v is the
ordering energy (PR-P-129:3.9, AECL-7328). As the alloy
disorders E(AB) decreases by about 8v. In ordered alloys
it has also been found that monovacancies form only on the
A atom sublattice and thus no divacancies can form evenat
very high temperatures. When the alloy disorders, however,
the distinction between the A atom and B atom sublattices
disappears and divacancies begin to form. These theoretical
results are consistent with the observed monovacancy and
divacancy properties in most bcc alloys.

3.15 Program for Plotting of Neutron Scattering Results

E.C. Svensson and M.M. Potter with G.H. Keech (Mathematics
and Computation Branch)

A user-oriented program (PLOT) for plotting the
results of neutron-scattering experiments using a Zeta
Research Model 1200 plotter is under development. This
program makes extensive use of a Fortran library of
compatible plotting subroutines supplied by Zeta Research.
The current version of PLOT will plot any specified set
of sequential scans which have previously been stored in
the PDP-11 RK05 disc memory by the C5 spectrometer-control
program (see PR-P-129:3.11, AECL-7328). The individual
plots are kept in register with the principal divisions
of centimetre-scale fan-fold graph paper, with each plot
commencing just to the right of a page perforation. Each
plot is supplied with identifying title information and
the axes are annotated and labelled with counts for the
y-axis and the appropriate mnemonic (9 possibilities) for
the x variable. A second x-axis and labels are added if
there are two x variables. The user may either specify
the values of the initial count and the incremental count
per scale division (1 scale division = 2 cm) and the number
of points/scale division along the x-axis or let these be
chosen by default options built into the program. The
current program allows up to two signal counts and two
background counts for each value of the x variable and
distinguishes these by different symbols and/or types
of curves, rescaling all counts to the same monitor value
if necessary. A separate background scaling factor (which
may be different from unity since the background is
measured by a separate shielded detector) is supplied by
the user.
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3.16 A High Counting Rate Monitor for the Focal Plane
Detector of the Bremsstrahlung Monochromator

J.W. Knowles, W.F. Mills and R.N. King

For efficient operation of the bremsstrahlung
monochromator at the University of Illinois Microtron
Laboratory, the tagged photon flux incident on the
target is kept at maximum intensity. Under this
condition the electron detectors, used to tag the
photons, are operated close to their maximum counting
rate limit. The electron detectors are multi-wire gas
counters backed by plastic scintillators, 6 wires per scintil-
lator. The 12-14 keV resolution of the spectrometer
is determined by the 3 mm spacing of the wire and the
3-5 ns timing is determined by the plastic. The
maximum electron counting rate is about 6x10 counts/
second/wire. This limit occurs when large charge build-
up in the vicinity of a wire reduces the amplification.
This decrease in amplification can vary from wire to
wire since it depends critically on the wire-surface
conditions. A given wire loses counts if its pulse-
height drops below the discriminator level of its pre-
amplifier. The relative loss of counting efficiency
from wire to wire becomes unpredictable when the microtron
electron beam current varies with time in an unpredictable
manner. Under such conditions it becomes necessary to monitor
the counting-rate efficiency of each wire-counter.
This is done by recording the random coincidence as well as the
true counting-rate of each wire. The random counting-rate
is a reliable monitor of counting rate efficiency because
both true and random pulses traverse the same systems of
electronics. Because the random and true coincidence rates
are comparable, the statistical precision of a measurement
is only slightly increased by the statistical count of the
monitor. The method has been used to monitor the counting
rate efficiency of individual wires in the (y, f) measure-
ments on 232Th (PR-P-128:3.9, AECL-7324).

3.17 Parity Mixing in 21Ne

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

The first production run using the four large
gamma-ray circular polarimeters to measure the circular
polarization of the 2789 keV transition, in 21Ne has been
performed. (Details of the equipment for this experiment
are outlined in previous reports from PR-P-122 to 127).
Preliminary analysis of the recently collected data
indicates that there are no sources of significant
systematic error in the equipment and method of data
collection. No evidence of circular polarization in the
2789 keV transition was observed,consistent with and at a
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similar level of statistical significance as previous
measurements at the University of Washington (PR-P-120:
2,4, ABCL-6452). Circular polarization due to parity
mixing of the spin I doublet in 2lNe is theoretically
predicted near this level of sensitivity. Additional
runs to improve the statistical accuracy are planned.

12 13
3.18 Direct Thermal Neutron Radiative Capture in C and C

M.A. Lone and S.F. Mughabghab (Brookhaven National
Laboratory) and B.C. Robertson (Queen's University)

The role of the direct reaction mechanism in radiative
capture of thermal neutron in 12c and 13c was investigated.
The partial cross sections for El transitions were
measured (PR-P-128:3.11, AECL-7234) and calculated with
the Lane-Lynn theory of direct capture (A.M. Lane and
J.E. Lynn Nucl. Phys. 17 (1960) 586) . As shown in
Table 1 the agreement between the theory and the experiment
is excellent, indicating that the'direct capture mechanism plays
a dominant role in the radiative capture of thermal neutrons
in 12c and 13c.

TABLE 1

Comparison of Theoretical and Measured Partial

12 13Capture Cross Sections for C and C

Target Nucleus E (keV) y*> Ex(keV) Sdp a Y ( n b ) a Y ( m b )

theory experiment

12c

12c
13c

13c

4945

1262

8174

1587

67.4710.92

32.1410.64

84.0+2.3

8.5+0.5

0

3686

0

6589

r

c+

0+

1

1

1

1

2

0

2

0

.2 (a)

.4<a>

.09 ( b )

.05810.004(C)

2

1

1

.28

.11

.10

-

2

1

1

0

.38+0

.14+0

.15+0

.1210

.05

.02

.04

.01

a) - S.E. Darden et al. Nucl. Phys. A 208 (1973) 77

b) - S.K. Datta et al. Nuclear Phys. A 312 (1978) 1

c) - Present results



- 60 -

3.19 (p,n) Neutron Source Experiments

M.A. Lone with R.T. Jones, A. Okazaki, B.M. Townes,
(Reactor Physics Branch); D.C. Santry (Solid State
Science Branch): J.K.P. Lee, R.B. Moor, J.M. Robson
and V. Raut (McGill University)

The experiments (M.A. Lone et al. PR-P-129:
3.14, AECL-7328) to measure the neutron yield and peak
thermal neutron flux obtainable with 100 MeV protons
incident on thick targets are in progress. The measure-
ments being made in cooperation with McGill University
use the 100 MeV proton beam from the McGill cyclotron
incident on the target located in a re-entrant tube
near the centre of light water moderator contained in
a 1.5 m diameter, 1.5 m high aluminum tank. The thermal

• neutron flux in the water is being measured with gold
activation foils. Cadmium ratio measurements will allow
correction for the activation by epithermal neutrons. The
total number of protons incident on the target is measured
by using the water tank, which sits on insulators and is
electrically isolated from the beam line/as a Faraday cup.

Measurements have been made with a 54 mm diameter,
16 mm thick Pb target. Preliminary analyses of the data
give a peak thermal neutron flux of 3.5 x 10 n . cm .s
for 36 nA proton beam and a neutron yield of 0.3 ± 0.1
neutrons per proton. These are in reasonable agreement
with 5.1 x 108n.cm~2 . s"1 peak flux and 0.35 n/p cal-
culated with the NMTC/MORSE codes. It should be noted
that the calculations had been made for a slightly different
geometry, and that the peak flux is sensitive to the size
of the re-entrant tube. Studies are being made of the
accuracy of the integration of the flux over the volume
of moderator, corrections for epithermal activation, effect
of the proton beam which is not coaxial with the target,
and beam monitoring.

3.20 EMTF Neutron Source Characteristics

M.A. Lone and J.A. Latouf

The proposed Electronuclear Materials Test Facility
(EM"1 )̂ would accelerate a 70 mA proton beam to 200 MeV.
The protons would be stopped in a Pb-Bi target surrounded
by a D~O moderator to form a neutron source for research.
The characteristics of such a source are being investigated
with calculations based on NMTC/MORSE codes.
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Calculations were made for a simplified geometry in
which z\ 10 cm diameter, 4.9 cm thick Pb target is placed
in a re-entrant tube near the centre of a 1.5 m diameter,
1.5 m high heavy water moderator tank. The results show
a peak thermal neutron flux of 1.8 x 1015 dp-2 , S~I u p to
a distance of 10 cm from the Pb target and 1.5 x 10*15 cm"2,
at a distance of 20 cm from the target. The placement of
beam tubes and liquid target hardware will result in a
reduction of the peak thermal flux. Investigation of
these effects is in progress.

,-1

3.21 Reactor Beam Hole Use

G. Dolling and H.F. Nieman

The McMaster University spectrometers were shut down
for the period, as was the C2 fast neutron chopper. The
Guelph University spectrometer operated for 50% of the
period. Utilization at the other occupied beam holes was
as follows.

BEAM
HOLE

C-1

C-4

C-5

L-3

N-4

N-5

NO. CF
EXPERIMENTS

3

3

2

4

4

3

NO. OF
PARTICIPATING
CFNL SCIENTISTS

1

2

2

4

2

3

NO. OF
PARTICIPATING
N0N-CKNL
SCIENTISTS

1

1

1

3

0

1

EFFICIENCY
(% of available
Reactor Operating
TiJte Used for
Experiments)

80

91

96

81

60

82

Total reactor operating time was 70 days.
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3.22 Carbon Trace Impurities in Te, Cd and CdTe

H. Schmeing and L. Milani

The extended carbon analysis system (PR-P.129:
3.20, AECL-7328) has been reinvestigated for the contribution
of the apparatus itself to the reported analysis results.
Any quartz apparatus emits gases when heated to 1200°C
or above, mostly H-O, N_, CO and CO2. The amounts released
depend on the area of tne heated surface, the wall thick-
ness, temperature, test duration and history of the quartz
material. For the combined CO and CO, component, it was
found that under standardized analysis conditions the
amount released lies between 3.5 and 7 Pa, less than one
third of the amount previously observed after a Te analysis
run. These measurements thus rule out a possible source
of error, and confirm the conclusions of the previous report.

3.23 CdTe Detectors

K.W. MacLean and R.J. Toone

Most of the CdTe samples produced in the laboratory
are not spectrometer-grade material. Some of these are
being re-examined to see if they would be useful as
photovoltaic current detectors with possible applications
in portable instruments requiring only a dosimetric rather
than a spectrometric output. Although some samples appear
promising, contact and electronic problems still need to
be solved before the results can be fully evaluated.

3.24 Supply and Servicing of Detectors

R.J. Toone, L. Milani and J.G.V. Taylor

Three cannercial detector cryostats have been re-
pumped and tested for Section II. Subsequently one of
these developed an intermittent but persistent leak.
After it was repumped many times over a two-month period
the detector failed and the unit was returned to the
manufacturer. A detector cryostat was repumped for
General Chemistry Branch. Further trouble with this
system was traced to a preamplifier fault.

Preliminary investigations have been-made on the
feasibility of constructing a multiplate ( B-coated)
neutron sensitive ion chamber for the deuterium photo-
disintegration parity violation experiment (PR-P-129:
3.16, AECL 7328). To date we have not located a supplier
of colloidal 10B of suitable enrichment and particle
size. Otherwise no insurmountable problems are foreseen.
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3.25 Glass-blowing Services

J.G. Wesanko, M. Gulick and J.G.V. Taylor

The vacuum gas extraction rack ordered for Wo1sung
by Commercial Operations has been sent to Korea complete
with vacuum pumps, vacuum gauge and control unit, motor
control unit, cables, hoses, mercury, stainless steel
sample bombs, and an operating manual. Specially designed
shipping crates were required to ensure safe delivery of
the intricate glass subsections.

A glass system for liquid- and vapour-phase
equilibration was built for Physical Chemistry Branch.
The equilibrator consisted of concentric interconnected
spherical chambers. Six vacuum containers were constructed
for Fuel Engineering Branch for studies of cesium and
cadmium reactions with stressed Sircaloy specimens. A
3.3m column with six sampling ports was supplied to
Mechanical Equipment Development Branch to be used in
4lAr-abatement studies. A series of double-walled
cylinders to demonstrate mud settling was made for
E I & P Branch as part of a Commercial Operations contract
with Alcan.

3.26 Machine Shop Services

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

Building 459 Machine Shop work included manufacture
of additional components for the McGill moderator tank,
and completion of the small motorized goniometer. A
telescoping heat shield was made for the furnace of the
positron annihilation experiment, and a helium transfer
system was extensively modified.

Just over 70% of the Bldg. 116 shop effort was spent
on work for Nuclear Physics Branch, over 60% of it on
isotope separator ion-source components. The remaining
time was divided among a number of smaller jobs for Section III,
Section I, and the glass-blowing shop.

3.27 Miscellaneous Services

R.J. Toone

Ten GeAs photoemission sources have been cut for the
deuterium photodisintegration - parity violation experiment.



- 64 -

An alumina disc was drilled for Accelerator Physics
Branch, alumina tubes were cut for Solid State Science
Branch and two machinable ceramic cylinders were made
for Materials Science Branch. Tests have been made for
Section I of the large RF ii duction heater to demonstrate
its suitability for compression of Si crystals at
temperatures up to 1300°C.

3.28 Kinematic Shifts of g-Delayed Particles as a Probe of
3-v Angular Correlations

H. Schmeing et al.

See PR-P-130:2.5; AECL-7408

3.29 The Decay of 71Br

H. Schmeing et al.

See PR-P-130:2.7; AKCL-7408

3.30 The g-Decay of 162Hf and 163Ta

H. Schmeing et al.

See PR-P-130:2.14; AECL-7408

3.31 Direct Mass Measurements with the Isotope Separator

H. Schmeing et al.

See PR-P-130:2.21; AECL 7408

3.32 Isotope Separator Resolution

H. Schmeing et al.

See PR-P-130:2.22; AECL-7408

3.33 Isotope Separator Ion-Optics

H. Schmeing et al.

See PR-P-130:2.23: AECL-7408
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3.34 Ion Source Development for the On-Line Separator

H. Schmeing et al.

See PR-P-130:2.24; AECL-7408

3.35 Isotope Separator Operation

H. Schmeing et al.

See PR-P-130:2.25; AECL-7408

4
3.36 Static Structure Factor of Liquid He

E.C. Svensson et al.

See PR-P-130:4.3; AECL-7408

3.37 Neutron Spectrometer Control System

M. Potter et al.

See PR-P-130:5.7; AECL-7408

3.38 Publications and Lectures

Publications

TRANSVERSE SPIN DYNAMICS IN CsCoC&3
S. Nagler, W.J.L. Buyers and R.L. Armstrong
J. Appl. Phys, 5_2 (3) (1981) 1971, AECL-7174

SPIN AND PHONON RESPONSE IN URANIUM COMPOUNDS
W.J.L. Buyers, A.F. Murray., J.A. Jackman,
T.M. Holden, P. de V. DuPlessis, and 0. Vogt
J. Appl. Phys. 52 (3) (1981)2222, AECL-7176

HYDROGEN BONDING IN DNA BASE COMPLEXES
B.M. Powell and P. Martel
Biophys. J. 34 (1981) 311, AECL-7215

NEUTRON SCATTERING FROM WATER IN DNA AND MUSCLE TISSUE
P. Martel
J. Biol. Phys. £, (1980) 1, AECL-7345
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RELATIONSHIP BETWEEN THE PAIR CORRELATION FUNCTION,
THE SUPERFLUID FRACTION, AND THE CONDENSATE FRACTION
IN LIQUID "He.
E.C. Svensson, V.F. Sears and A. Griffin
Phys. Rev. B. £3 (1981) 4493, AECL-7202

Lectures

SOME RECENT DEVELOPMENTS IN PHOTON TAGGING
J.W. Knowles
Workshop in Instrumentation for Experiments with CW Electron
Accelerators up to 1 GeV.
National Research Council, Ottawa, Ontario
May 11-12, 1981

VIBRATIONS DU RESEAU DU SnSe2

J.Y. Harbec, B.M. Powell and S. Jandl
Association Canadienne-Francaise pour
l'avancement des sciences
Sherbrooke, P.Q.
May 13-15, 1981

FIRST OBSERVATION OF Hf DECAY: COMPLETION OF AN a-DECAY
CHAIN
U.J. Schrewe, H. Schmeing, E. Hagberg, E.T.H. Clifford,
J.C. Hardy, V. Koslowsky, and K.S. Sharma
4th International Conference on Nuclei Far from
Stability
Helsingor, Danmark
June 7-13, 1981

KINEMATIC SHIFTS OF ^-DELAYED PARTICLES AS A PROBE OF B-v
ANGULAR CORRELATIONS
E.T.H. Clifford, J.C. Hardy, H. Schmeing, R.E. Azuma,
H.C. Evans, T. Feastermann, E. Hagberg, K.P. Jackson,
V.T. Koslowsky and U.J. Schrewe
4th international Conference on Nuclei Far from
Stability
Helsingor, Danmark
June 7-13, 1981

MEASUREMENT OF PAIR EMISSION FROM THE 2.8 MeV MIXED DOUBLET
OF 21Ne
E.D. Earle, A.B. McDonald, J.J. Simpson, R.G.H. Robertson
and H.B. Mak
CAP 1981 Congress, Halifax, N.S.
June 15-18, 1981

VACANCY FORMATION ENERGIES IN ALLOYS
S.M. Kim, J.A. Jactaan and W.J.L. Buyers
CAP 1981 Congress, Halifax, N.S.
June 15-18, 1981
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THE CHALK RIVER ON-LINE ISOTOPE SEPARATOR
H. S chine ing
CAP 1981 Congress, Halifax, N.S.
June 15-18, 1981

TEMPERATURE DEPENDENCE OP THE PRINCIPAL PEAK OF S(Q)
FOR LIQUID "He
E.C. Svensson and A.F. Murray
CAP 1981 Congress, Halifax, N.S.
June 15-18, 1981
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G.E. Lee-Whiting
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4.4 Penetration of Heavy Ions in Solids

4.5 Nucleon-Nucleon Scattering in a Quark Model

4.6 Photon and Gluon Radiative Weak Decay of Pseudoscalar
Mesons

4.7 Modification of SCJPERFISH

4.8 Downward Scaling of TORFA

4.9 233U Breeding in Graphite-Thorium Assemblies:
INRS Experimental Program

4.10 Reports, Publications and Lectures
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4.1 Staff

Branch Head:

M.
F.C.
£5. A.
H.C.
V.F.
I.S.

G.E. Lee-

Harvey
Khanna
Kushneriuk
Lee
Sears
Towner

K.B. Winterbon

Visitors

M. Couture (1)
P. Blunden (2)
G. Hulbert (3)
J. LeTourneux(4)

Secretarial Staff

M.E. Carey

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

(2) Attached staff; from Queen's Univ., collaborating with I.S.
Towner, 1981 May 19 - June 19.

(3) Summer student from Univ. of Waterloo, arrived 1981 April 27.
(4) Summer professor from Univ. of Montreal, arrived 1981 June 15.
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4.2 Index of Refraction for Neutrons

V.F. Sears

The work described in the previous report (PR-P-129:4.3
(AECL-7328)) has now been completed and has been included in a
review article which has been submitted to Physics Reports.

4.3 Static Structure Factor of Liquid

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

The work described in the previous report (PR-P-129:4.4
(AECL-7328)) is continuing. Normalized S(Q) distributions have
been obtained from the raw scattering data and are presently
being smoothed prior to Fourier analysis to obtain the corres-
ponding pair-correlation functions.

4.4 Penetration of Heavy Ions in Solids

K.B. Winterbon

A collection of thermodynamic and other data on the
elements has been assembled and included within a computer pro-
gram which estimates such parameters of dense collision cascades
as the maximum self-ion implant energy and cascade size which
might be expected to cause melting throughout the cascade vol-
ume. It is expected that this work will be written up as a
report.

Work on recoil-implantation distributions (KBW, Rad.
Eff. £8(1980)97) has been resumed. This work was suspended
because of the lack of a satisfactory method for constructing
two-dimensional densities from their moments. Now a program for
constructing "maximum-entropy" distributions (Agmon et al.f J.
Comp. Phys. 22( 1 9 7 9) 2 5 0) h a s b e e n obtained from its authors, and
has been made into a subroutine for constructing one-dimensional
distributions from their moments. It appears to be trivially
generalizable to several dimensions. The earlier calculation of
recoil-implantation distribution moments used an asymptotic
expansion in powers of energy. In order to check convergence of
this expansion two programs have been written to evaluate moments
in a simple case - one by means of a series expansion, the other
by numerical integration with a spline representation; the two
sets of numerical results agree very well with each other and
satisfactorily with the asymptotic expansion.
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4.5 Nucleon-Nucleon Scattering in a Quark Model

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

Work has continued on this problem (PR-P-129:4.6 (AECL-
7328)); the generalized, generator-coordinate code with channel
coupling and kernels for the quark problem is now debugged and
operative on the Chalk River computer. There is some problem in
maintaining adequate accuracy throughout the many numerical
integrations and matrix inversions required by the method. As a
further test of the accuracy we shall use the generator-coordin-
ate kernels to construct kernels for the Resonating Group
Method/ the solution of which avoids the above numerical pro-
blems at the expense of more detailed analytical work. Mean-
while we are using the present codes to compute phase shifts in
order to gain some understanding of the sensitivity of the pro-
blem to various quark potentials. In this latter respect we
have constructed a new class of forces that, in the non-relati-
vistic model, fit the baryon spectrum and are variationally
stable with respect to the wavefunction-size parameter. With
heavy (360 MeV) quarks the mean square radius of the nucleon
stabilizes at the small value of approx. 0.46 fm and is indepen-
dent of the quark potential; this is compatible with the Little
Bag model of Brown et al. (Phys. Lett. 84B(1979)383). Our
experience with the inadequacies of this non-relativistic
approach convinces us more and more of the necessity to develop
a relativistic formalism.

4.6 Photon and Gluon Radiative Weak Decay of Pseudoscalar Mesons

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

This is a continuation of PR-129:4.10 (AECL-7328). The
primary purpose of the study is to understand the hadronic
decays of the heavy pseudoscalars, i.e. the charmed and bottom
mesons. We have examined in detail the related weak decay pro-
cesses ir+ •»• ye+v, K+ •* ye+v, P •>• Gqq and P •>• GX(hadron), where G
is a gluon and P is a heavy pseudoscalar. We find that the
measured properties of the first two reactions can be understood
in a theoretical framework that does not contain any arbitrary
parameter. We have applied this framework to the last two reac-
tions and have concluded that P •> GX is the dominant hadronic
decay mode. This is in agreement with our previous phenomenolo-
gical analysis of the decay of the D mesons, where we found that
gluon emission must play an important role.
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4.7 Modification of SUPERFISH

M. Couture

The program SUPERFISH developed by Halbach & Holsinger
(Particle Accelerators 2(1976)213) calculates resonant frequen-
cies, electromagnetic fields and some secondary quantities for
the axially symmetric modes of axially symmetric cavities. We
would like to modify this program to enable it to treat the non-
axially symmetric modes - i.e. modes in which the fields vary
sinusoidally with angle about the symmetry axis - for the same
axially symmetric cavities. The analysis leading to a promising
calculational procedure has been completed. We exploit the fact
that the solution may be written as the sum of a transverse mag-
netic (TM) and of a transverse electric (TE) component; the for-
mer is derived from the radial component of its magnetic field,
the latter from the radial component of its electric field. At
interior points of the cavity the TM and TE components are inde-
pendent, but they are coupled together by the boundary condition
on the metallic surface of the cavity. We are now attempting to
identify the parts of SUPERFISH which will have to be modified.

4.8 Downward Scaling of TORFA

G.E. Lee-Whiting

D.L. Jassby has proposed (in a privately issued report
1980 March, revised 1980 May, and in PPPL-TM-341, 1980 August)
the construction of a Toroidal Reactor for Fusion Applications
(TORFA) which would serve to demonstrate the large-scale fusion-
neutron production of tritium and nuclear fuels (as well as
other products) in an integrated blanket-tokamak system proto-
typical of a production plant. TORFA would use only technolo-
gies which could be demonstrated in the early 1980's; in parti-
cular, it would have no superconducting coils. The cost of the
whole demonstration was estimated to be $2 x io9 (U.S. 1980).
In an effort to discover whether some of the attractive features
of TORFA could be obtained at reduced cost, the scaling of
fusion power, heating power and other related quantities result-
ing from a reduction in size were examined. Because the central
region of TORFA is completely filled with coils and structural
material, a size reduction at constant coil current density must
lead to a decrease in plasma density, and to a greater decrease
in fusion power density. The fact that blanket thickness cannot
be scaled leads to an accelerated reduction in plasma volume and
in energy-confinement time. The calculations indicated that
even a size reduction leading to a halving of the capital cost
would cause a drastic deterioration of performance.
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4.9 2 3 3u Breeding in Graphite-Thorium Assemblies: INRS Experimental
Program

S.A. Kushneriuk with G. Dolling (N.S.S.P. Branch)

The status of the experimental program being carried
out by INRS Energie under contract to AECL (i.e. neutron-activa-
tion-analyses studies of graphite-thorium assemblies using
accelerator-generated 14 MeV DT-neutron sources; PR-P-118:4.3
(AECL-6216)) has been reviewed. All components of the graphite-
ThO2 blanket for the proposed irradiations have been assembled
and tested under operating conditions. Extremely careful cali-
brations have been made to assure reliability of the results,
particularly of the 232Th(n,y) + 233U measurements which are now
in progress. Completion of this phase of the experiments is
expected before the end of 1981, and a decision will then be
made regarding further tests with an additional 72 kg of ThO2
which could be made available from AECL. To permit these exper-
iments and the associated neutronic analyses to continue the
contract has been extended for a further period ending
1982 May 31.
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4.10 Reports, Publications and Lectures

Reports

THE CONTAINMENT OF TRITIUM IN AUSTENITIC STAINLESS STEEL VESSELS
C.E. Ells, S.A. Kushneriuk and J.H. van der Kuur
AECL-7159, March, 1981

REPORT ON A VISIT TO CHINA
1980 December 21 to 1981 January 17
H.C. Lee
AECL-MISC-203

Publications

MOMENTUM DISTRIBUTION IN LIQUID NEON AT 26.9 K
V.F. Sears
Can. J. Phys. j>9(1981)555

RELATIONSHIPS BETWEEN THE PAIR-CORRELATION FUNCTION, THE
SUPERFLUID FRACTION, AND THE CONDENSATE FRACTION IN LIQUID ''He
E.C. Svensson, V.F. Sears, and A. Griffin
Phys. Rev. B 23(1981)4493

Lectures

LOCAL FIELD EFFECTS IN THE NEUTRON REFRACTIVE INDEX
V.F. Sears
given at CAP Congress, Halifax, N.S., 1981 June 15-18.

STRUCTURE AND DEVELOPMENT OF COLLISION CASCADES
K.B. Winterbon
given at Queen's Univ., Kingston, Ont., 1981 May 5.

PROBES OF NUCLEAR STRUCTURE: IS THERE A PREFERENCE?
F.C. Khanna
invited talk, CAP Congress, Halifax, N.S., 1981 June 15-18.

WEAK DECAYS OF STRANGE, CHARMED AND BOTTOM MESONS
H.C. Lee
invited talk at CAP Congress, Halifax, N.S., 1981 June 15-18.
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MATHEMATICS AND COMPUTATION BRANCH

D. McPherson
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to Calandria Tube Contact

5.11 Stress Analysis Programs

5.12 Approximating a Table for the Calculation of
Heat Transfer Coefficients

5.13 Information Handling Programs

5.14 Integration of Tabular Data

5.15 The NJOY Nuclear Data Processing System
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5.17 Miscellaneous Programs and Subroutines

5.18 Operations

5.19 Reports, Publications and Lectures



5.1 Staff

- 76 -

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

Compute* Operators:
K.J. Brown
P. Burn
C M . Hepburn
A. Kane
Y. Labine
K.A. Livingston
M.A. MacDonald
J. Mackie
K. Ormrod
S. Parr
V. Selander
S. Shannon
M.T. Walker
N.E. Zinck

(1)

(2)

(3)

(4)
(5)

(6)

Services and Applications

Head:
J.M. Blair

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

Programmer/Analysts:
L.E. Evans (7)
C.A. Wills
P.Y. Wong

Programmers:
M.T. Boulanger
D. Cheung
K.D. Clark (8)
C. Griffiths (9)
M. Kent (10)
G.L. Klawitter
E.G. Long
D.G. Stewart

Section IV: Special Systems

Head:
G.N. Williams

Programmer/Analysts:
L.D. Hansen
J.H. Puttick (11)
M. Shaarani

Programmers:
D. Pathria (12)
R. Roiha

Secretarial Staff

G.J. Bateman (13)
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(1) Summer Student from Algonquin College, joined Branch
1981 May 11; terminated 1981 May 22.

(2) Joined Branch 1981 April 13; transferred to Purchasing
Branch effective June 15.

(3) Summer Student from University of Waterloo, joined
Branch 1981 May 5.

(4) Summer Student from Queen's University, joined Branch
1981 June 8, to replace P. Burn, (1) above.

(5) Change in marital status, married on 1981 June 20,
nee Bergin.

(6) Reclassified from temporary to continuing employee
effective 1981 April 1.

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

(8) Transferred to Engineering Company, Mississauga,
eff& tive 1981 June 30.

(9) National Summer Student from Carleton University,
joined Branch 1981 May 14.

(10) National Summer Student from St. Mary's University,
joined Branch 1981 May 1.

(11) Waterloo University Co-op student, terminated 1981
April 24.

(12) Waterloo University Co-op student, joined Branch
1981 May 4.

(13) Transferred from Nuclear Physics Branch effective
1981 April 6.



- 78 -

5.2 CDC 6600/CYBER 170 System

5.2.1 Operating System

5.2.1.1 New Features and Utilities

D. McPherson and C.J. Tanner

Several new control-statement-callable programs
have been added to the system, mostly related directly or
indirectly to the transfer of information between the
6600/170 computers and the new CDC CYBER 170/720 "front-
end" computers at CRNL and Sheridan Park.

The new programs include a control statement for
sending a copy of a 6600/170 job dayfile to the appropriate
720 to be catalogued as a permanent file, and a control
statement for sending an arbitrary 6600/170 file to a 720.

5.2.1.2 User Validation and Usage Statistics

D. McPherson

Some minor changes were made to the handling of
"accounting" information and user identification that is
presented to the 6600/170 system via parameters on the
job statement. The changes were a move towards compatibility
between the requirements of the NOS/BE system which runs on
the 6600 and 170, and the NOS system which is used on the
720's. In addition, the Computing Centre is moving towards
enforcement of user validation on the 6600/170 - heretofore
this has been optional, only "branch code" validation was
mandatory - and for fully validated jobs the job statement
information is forced onto other accountable resources such
as permanent file disc space and magnetic tape rental or
storage.

5.2.2 Programming Languages and Utilities

5.2.2.1 FORTRAN 5, and FORTRAN 4 to FORTRAN 5 Conversion

D.G. Stewart

The installation of an up-to-date version of CDC's
new compiler, FORTRAN 5, has been completed. Some testing
has been done and it should be ready for use by all users
in the near future.

The program F45, developed by Control Data
Corporation to automatically convert FORTRAN 4 programs
to FORTRAN 5, has been installed and tested. Extensive
testing will continue and a list of possible problems will
continue to be compiled.
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5.2.2.2 SPSS

M.T. Boulanger and C.A. Wills

A user library has been created illustrating
sample SPSS jobs. Each SPSS sample job is implemented using
a CYBER Control Language Procedure. The file accessed by
SYSBULL(SPSS) lists the procedures for which there are
sample programs.

5.2.2.3 TOPCATS

M.T. Boulanger

TOPCATS is a versatile FORTRAN program for the
computer-assisted setup and layout of general tables of
data developed by B. Rouben, Engineering Company. Changes
are being made to the program so that it can handle the full
ASCII set of 96 characters, and thus provide both upper and
lower case letters.

5.2.2.4 COPYP1 and C0PY1P

E.G. Long

These utilities, which translate to and from 3300
edit file format, have been modified to abort after a limited
number of errors. Formerly, certain error conditions were
ignored, resulting, in some special circumstances, in an
infinite loop.

5.2.2.5 COPYTL

D. McPherson

This new copy utility has been written to copy
arbitrary files into and out of a format suitable for
transmission between the CRNL and Sheridan Park CYBER 170/
720's. The utility is necessary since the communication link
operates as if the Sheridan Park machine were a remote job
entry terminal and transmits files as if they were coded card
images.

5.2.2.6 KWOC Tndex Program

G.H. Keech

A modification was made to a version of KWOC to
produce a particular output structure. Consideration is
being given to adding "floater" information, which will not
contain any keywords, to the text string.
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5.2.2.7 CCL Procedures to Aid in the Conversion
of Non-CDC FORTRAN to CDC FORTRAN

G.L. Klawitter

In conjunction with the work on TIRION4, a set of
three CYBER Control Language (CCL) procedures for the conversion
of non-CDC FORTRAN to CDC FORTRAN for compilation on the
CYBER 6600/170 NOS/BE operating system at CRNL have been
completed. A corresponding technical document describing
how to use the three CCL procedures, namely, the character
conversion procedure, the program library procedure, and the
conversion to CDC FORTRAN procedure, is being prepared.

5.2.3 Subroutine Libraries

5.2.3.1 AELIB Utility Programs

G.L. Klawitter

AELIB utility programs for the generation of the
classification scheme, keyword index, cross-reference module
list and indices for the AELIB Reference Manual, AECL-6076,
as well as a formatted listing of the AELIB information file
and a catalog of the AELIB routines, have been rewritten in
FORTRAN 5 to improve readability and ensure future ease
of handling.

5.2.3.2 AELIB Modifications

D. Cheung, D.G. Stewart, C. Tanner and J.M. Blair

On 1981 April 20, the existing AELIB routines
ROUTE and EIGCGEN were modified. Following these changes,
AELIB routines TIMEIO and XTIME were modified on 1981
April 30.

5.2.4 Graphics

5.2.4.1 PLOT Driver for PLOT79 Package

D. Pathria

A driver for the Computing Centre plotters has been
written for the PLOT79 plotting package. The package will
be released for testing to interested users.

5.3 CDC 3300 System

E.A. Okazaki and J.F. Steljes

The task of allocating dedicated buffers to all
utility programs, leaving the relocatable buffers for
the use of keyboard users, has been completed.
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5.4 CDC CYBER 170/720 System

5.4.1 Installation

B.B. Ostrom and P. McGandy, with W.J. Irving
(Control Data Canada Limited)

The first portions of the 720 computer system were
delivered on 1981 April 30. Hardware installation and check-
out began on May 2, and software checkout on May 7. The 720
went into operation on 1981 May 11. The initial shipment
consisted of the 720 proper, one of the three 2551 Network
Processing Units (NPU's), and communication line adaptors
(CLA's) for two synchronous and four asynchronous terminals.
CLA's for an additional four synchronous and eight asyn-
chronous terminals have since been delivered. The remainder
of this order - two more NPU's, CLA's for 20 synchronous and
56 asynchronous terminals, channel switches and satellite
couplers - is not expected until late July.

Lacking new satellite couplers to interface the
720 with the CYBER 170/175 and the 6600, the existing
couplers between the 6600 and 175 were moved to provide a
link between the 720 and the 175. (The 6600 and 175 can
still communicate via the shared disc system.)

The mechanism for supporting the remote job entry
terminals known as HASP Workstations has been installed,.
This is the mechanism used for communication between the
CRNL and Sheridan Park 720's; in effect, the Sheridan Park
720 emulates a HASP Workstation, allowing for the transfer
of input card decks to CRNL, and the transmission of print
and card punch files to Sheridan Park.

In practice, the "punch" files are put into the
Sheridan Park input queue, thus providing a mechanism for
reverse job submission, CRNL to Sheridan Park. The HASP
support system has been tested, a number of errors uncovered
and corrected with the help of CDC staff in Toronto. The
HASP Workstation Emulation Package, known as TIELINE, was
installed by CDC and Engineering Company staff at Sheridan
Park, and extensively tested for several weeks. A number of
errors were isolated and corrected, and by June 30 the
system was in regular use, though still with a number of
operational inconveniences and deficiencies.

5.4.2 HASP Terminals

E.A. Okazaki and J.F. Steljes

The terminal in Room 37, Building 508, has been
assigned to the HASP system so that experience may be gained
in the use of the system. An abridged list of useful
instructions has been provided at the terminal. Operation
of a local HASP terminal aided in separating TIELINE and
HASP problems.
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5.4.3 CYBER 170/720 to CYBER 170/175 Communications

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

The operating system used on the 6600/175 system is
CDC's Network Operating System, Batch Environment (NOS/BE).
For the CYBER 170/720, we have elected to use the system
called Network Operating System (NOS) because the role to be
played by the 720 is mainly terminal support, and NOS is
stronger in this area than is NOS/BE. An interface between
a NOS and a NOS/BE system has been developed by Control Data
for a European customer; this software package has been
acquired for use at CRNL.

The NOS-NOS/BE package, called CYBLINK, allows only
for input and output file transmission between the two systems,
i.e., no other information, such as status of job queues, can
be exchanged except by embedding the information within a job
passed for execution to the other computer. In addition,
CYBLINK allows for only a two-computer system; for CRNL,
communication between the 720 and both of the 6600 and 175
will be necessary. In spite of these design deficiencies,
CYBLINK is proving extremely useful as an interim mechanism,
and it will be used, more or less as is, for some months.

The successful installation of CYBLINK took several
days, predominantly because it contained numerous errors,
presumably in areas not tested on other systems but used in
the CRNL environment. Apart from correction of the discovered
errors, the only modifications made to date have been to add
decision-making capabilities on the NOS/BE side to ensure
that files to be processed through the 3300 system are not
inadvertently sent to the 720. Initially, communication
with both the 6600 and 175 will be handled by running two
versions of CYBLINK concurrently. In the longer term, an
improved system, likely to be based on the existing CYBLINK,
will have the capability of communicating with two NOS/BE
machines as well as permitting the exchange of other
information and input/output queue files.

5.4.4 IPL Programs Installed on the
Engineering Company CYBER 720

G.N. Williams

The Interactive Procedure Language (IPL) emulator
has been installed on the new CYBER 720 belonging to the
Engineering Company. A number of commonly used IPL programs
have been transferred with the emulator, and Engineering
Company users can execute the programs from their terminals
connected to the CYBER 720.
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5.5 PDP-10 System

5.5.1 System Replacement

M. Shaarani and R. Roiha

The replacement of the PDP-10 is still under study,
with users and suppliers holding discussions. Due to the
uncertainties about system replacement, new software
development has been discouraged.

A study of the Master Data Analysis System was
initiated so that implementation of a new version can begin
as soon as the system's replacement arrives.

5.5.2 Data Analysis

R. Roiha

A new routine, CENTRE, has been written and installed
on the system. It starts with a window, defined on a terminal
or display, and calculates the window's centroid and error.
Next, the routine increases the lower window boundary by ten
channels and does the calculations again. Finally, when the
lower boundary reaches the higher one, the centroids and
errors can be printed and/or displayed. If displayed,
weighted averages between settable channel markers can be
printed and/or displayed for analysis purposes.

5.5.3 Operations ,

R. Roiha and M. Shaarani

A major disc area was refreshed this quarter with
no problems reported. All backup and accounting files have
been kept up-to-date.

5.6 MK-16

M. Shaarani

The MK-16 update has been delayed by two months
by its manufacturer; the new hardware is now expected in
1981 August. Some demonstration software and programming
notes were received together wich n new utilities diskette.

Local software design is well underway with an
original, and a revised version (REVISION1) complete and
tested. Software implementation began with REVISI0N2, which,
upon completion, is to contain file management and setup
routines. DMA-devices controlling routines will be implemented
in REVISION3, which is to be started next.
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5.7 Neutron Spectrometer Control System

G.H. Keech with M. Potter (Neutron & Solid State
Physics Branch)

The C5 spectrometer control program is designed
to provide users extensive control over halting and
restarting experiments between and within scans. In some
circumstances, interruptions produced undesirable features
in the output data files created. Code improvements have
been made to cover unusual circumstances, and the labelling
of data accumulated in a run has been made more automatic.

Some general improvements have been made to the
scan EDITOR program, related to proper recovery from user
typing errors.

5.8 SCC-Tandem Computer-Aided Control System

5.8.1 Operating System Re-tailoring

L.D. Hansen

A new operating system was generated to correct a
problem with time-shared task-scheduling and to support
eight, rather than seven, terminals. The additional commun-
ications adapter hardware was installed to support the
additional terminal.

5.8.2 Display Driver Hardware Modifications

L.D. Hansen

Specifications for hardware changes to a Y33, 5x7
matrix display driver were produced, and the modifications
are being implemented by W. Green (Nuclr,_r Physics Branch
summer student). The modification permits the display of
128 ASCII characters (including special display characters)
rather than the original 64 character set.

5.8.3 MUMTI-Callable Format Conversion Routines

L.D. Hansen

Specifications for modifications to format conversion
routines that are MUMTI-callable were written. These modif-
ications are being written by W. Slater (Nuclear Physics
Branch).

The modifications involve code "clean-up" and
implementing a fixed-point conversion in place of "G-Pormat"
conversion as requested by numerous MUMTI users.
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5.8.4 "Control" or "Set-Point" System Variables

L.D. Hansen

"Control" or "set-point" system variables in the
HMI VICKSI software had names that conventionally began with
an upper-case V. The convention has been changed so that
such variable names begin with lower-case z.

Specifications for software revisions to accom-
modate this change were written. Implementation was carried
out by S. Rowan (NRX Reactor Branch summer student).

5.8.5 Cyclotron Main Magnet Interface

Specifications for the hardware interface of the
cyclotron main magnat power supply were written. It is
intended that these specifications will be implemented by
J. Hill (Nuclear Physics Branch) making that power supply
consistent with the majority of other power supplies that
are IGOR-interfaced.

5.8.6 SCC Control System Operation

R.L. Graham, W.F. Slater, L.D. Hansen and
B.F. Greiner

See PR-P-130; 2.33; AECL-7408.

5.8.7 Mimic Diagrams on the SCC Colour TV Monitor

S. Roman and L.D. Hansen

See PR-P-130; 2.34; AECL-7408.

5.8.8 Hardware for the SCC Control System in Phase I

R.L. Graham, R.B. Walker and L.D. Hansen

See PR-P-130; 2.36; AECL-7408.

5.8.9 Four-Module Prototype SCC Control Console

N. Burn, B.F. Griener, P.I. Hurley, L.D. Hansen,
R.L. Graham and R.B. Walker

See PR-P-130; 2.39; AECL-7408.
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5.9 UKAEA TIRI0N4 Code

G.L. Klawitter, J.M. Blair and G.N. Williams

TIRI0N4, a computer program for calculating the
consequences of releasing radioactive material into the
atmosphere, has been converted to run on the CRNL computer
system at the request of U. Nurmsoo, Atomic Energy Control
Board. As reported in PR-P-129, 5.16.1, AECL-7328, TIRI0N4
was recompiled using FORTRAN 5, and replacement routines for
the GHOST graphical output system provided. The new version
of TIRI0N4 was successfully tested and accepted by AECB
personnel using a supplied CRNL Computing Centre loading
procedure and an AECB benchmark.

5.10 Full Power Steady-State Temperatures in a Pickering-A
Fuel Channel with Pressure Tube to Calandria Tube Contact

P.Y. Wong and W.N. Selander

Due to radiation induced creepsag, most pressure
tubes in the fuel channels of the Pickering-A Generating
Station are expected to sag and touch the calandria tube
sometime during the operating life of the reactor. The
estimated maximum contact areas between the pressure tube
and calandria tube for the cases of 22 and 30 years of reactor
operation are given to be 2.54 cm x 10.16 cm (1 in x 4 in)
and 10.16 cm x 38.10 cm (4 in x 15 in), respectively. To
explore the consequences of reactor operation under
these contact conditions, we have been asked by the Mechanics
Branch of Engineering Company to provide a 3-dimensional
thermal analysis of selected fuel channels using the computer
code TRUMP (UCRL-14754, Lawrence Livermore Laboratory, 1972).
The analysis is to cover both the cases of 22 and 30 years of
operation as well as the original design (axi-symmetr.ic with
no contact between the pressure and calandria tubes), under
both full power steady state and two typical operating
transient conditions.

Analytical test cases have been solved to investigate
problem sensitivity to the physical and geometric assumptions
made. It is found that gas gap conductance and contact
conductance (in the case of contact between pressure tube and
calandria tube) are very significant in determining the
radial heat flux and temperature gradients. Circumferential
variations of conductances are also likely to be significant,
but difficult to determine with any precision. It is also
found that heat fluxes and temperature gradients are well-
predicted by a quasi two-dimensional model in which axial
coupling of heat fluxes is neglected, therefore, the results
are not expected to be very sensitive to the axial grid
chosen. Existing correlations for the heat transfer from
calandria tube to moderator are being modified to take
account of the nonuniform surface heat generation rates.
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The geometric models for the three basic cases
have been set up and sample full power steady-state temp-
erature profiles have been obtained for each.

5.11 Stress Analysis Programs

5.11.1 MARC - General

S.B. Baset

Version Jl of MARC became the default running
version on 1981 April 20. Three problems have been discov-
ered since its initial release in 1981 February. These
problems occurred under the following conditions:

1. Unsatisfied external reference with the
THERMAL option.

2. Curvilinear stresses rather than physical
stresses were written to the POST tape for
elements 4, 8 and 24.

3. The correspondence table of the OPTIMIZE
option was incorrect.

All these problems have been resolved and the users
have been informed.

5.11.2 MARC - Source Program

S.B. Baset and D. Cheung

Messrs. T. Wertheimer and R. Fiekowski of MARC
Analysis Research Corporation, Palo Alto, California, visited
CRNL Computing Centre during the period 1981 April 27-29 to
install the source program of MARC. As a result of this visit
and the paid-up lease agreement between AECL and MARC
Corporation, the CRNI, Computing Centre has possession of the
following materials as of 1981 April 29:

1. Program library of the latest MARC system in
UPDATE format.

2. System manual for MARC to explain the program
flow sequence.

3. MARC Advanced Course Notes dealing with several
analytical techniques as implemented in MARC.

4. Relocatable binaries of the MARC system
compiled using our NOS/BE 1.3 operating system
at level 498 and OPT=2.
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It is expected that the possession of MARC Source
Program will reduce many errors due to system incompatibilities
and improve overall support and usage of the MARC program.

Mr. T. Wertheimer offered two lectures dealing with
the general structure, latest and future enhancements in MARC
followed by an open discussion session dealing with several
users1 problems.

5.11.3 TPIPE - General

S.B. Baset

On 1981 June 1, the TPIPEPR procedure became the
only supported procedure for running TPIPE at CRNL. One
more option to accept data in GPE format was also added as
requested by the Engineering Company users.

5.11.4 STARDYNE - General

S.B. Baset and D. Cheung

The installation of the STARDYNE system at CRNL
Computing Centre was completed. This involved the following
steps:

1. Installation of a PP routine supplied by the
System Development Corporation (SDC) as a
safeguard against running STARDYNE at other
mainframes.

2. Unloading 23 absolute programs comprising the
STARDYNE system from magnetic tape into
permanent files.

3. Modifying the CPLOT program as provided by SDC
in order to convert the STARDYNE SC420 plot
file into a Calcomp PLOT file compatible with
CRNL plotting routines.

4. Providing a system procedure called STARSYS to
access any STARDYNE program by authorized users
only and to provide some plotting facilities
as well.

5. Rewriting the complete chapter dealing with
STARDYNE JCL requirements for NOS/BE operating
system at the CRNL Computing Centre.

6. Testing 36 benchmarks provided by SDC for quality
assurance of the subject program.
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7. Installation of a system bulletin called
STARDYN with news of the latest changes and
problems.

A meeting was held with STARDYNE users at the
Engineering Company on 1981 June 12 to introduce the
STARDYNE system which was made available for general use on
1981 June 15. It is planned that all AECL personnel should
switch usage from STARDYNE at outside data centres to CRNL
by not.later than 1981 July 15.

5.12 Approximating a Table for the Calculation of
Heat Transfer Coefficients

C.A. Wills and D.C. Groeneveld (Advance Engineering Branch)

The problem was described in PR-P-129, 5.15.2;
AECL-7328. The experimental values of critical heat flux
were first corrected for diameter by normalizing to 8 mm
using the formula

CHFg = CHFr (£J (1)

where D is the diameter at which the experiment value was
recorded. Three methods were used to calculate the table
values of CHF from the experimental data.

For each table point for which there were eight or
fewer data points having values of pressure, flow, and
quality between the neighbouring table values, a weighted
average of the experimental values of CHF was used. The
weight for a data point was inversely proportional to the
distance between the data point and the table point. These
estimated values of CHF are likely to be unacceptable because
so little data were available on which to base each
approximation.

For each table point for which there were more
than eight data points having pressure, flow, and quality
values less than halfway to the neighbouring table values,
linear regression was used. The table value of CHF was
estimated from an equation consisting of the statistically
significant linear terms in quality, flow, and pressure.
The approximation was judged to be acceptable, if the 95%
confidence interval was wholly contained within the interval
defined by the estimated value of CHF+10%.

For each table point for which there were more
than eight points having pressure, flow, and quality values
between the neighbouring table values and for which an
acceptable estimate was not obtained by the last method
outlined, linear regression was also used. This time the
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table value of CHF was estimated from an equation consisting
of the statistically significant linear terms in quality and
flow, and linear and quadratic terms in pressure. The same
test was performed to decide if the approximation was
acceptable.

The resulting table is not complete due to a lack
of data in some areas. Other estimated values were not
considered acceptable under either method. Other improvements
to the method could also be made by giving data from different
experiments equal weights.

The table was then used to predict CHF at the
original set of data points and at an independent set of
data points. This was done using a weighted average of up to
8 table points close to the one where CHF was being predicted.
Each weight was inversely proportional to the distance
between the table point and the point of prediction. The
predicted value of CHF was then corrected for the diameter
using the inverse of (1). Most of the predicted values
generated were close to the experimental ones. Those that
were not were generally calculated from table values which
were labelled unacceptable.

5.13 Information Handling Programs

5.13.1 Human Resource Information System Study

C. J. Tanner

At a meeting in February the Central Personnel
Records System (CPRS) Coordinating Committee commissioned
Corporate Information Systems (CIS) to carry out a study
aimed at produc:' ig a complete personnel information recording
and retrieval system that would perform many more tasks than
the current system.

The current system (CPRS) was designed in 1973 for
CRNL use only and expanded in 1976 so that all sites in AECL
could use it. The CPRS Coordinating Committee was estab-
lished in 1978 as a committee of users to control the system.
It became apparent that the CPRS could not meet some of the
demands that were being made on it without a lot of work, so
the study was commissioned.

The first phase of the study for a system to be
called the Human Resource Information System began in April.
The project team consisted of W. Baxter of CIS as project
leader, J. MacMillan of Research Head Office, T. Dececchi of
Engineering Company and C. Tanner of CRNL. The purpose cf
the first phase was to determine whether a HRIS system was
needed at AECL and to get some idea of the features that it
should have. The current system was also documented.
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A report was presented to the Personnel and
Administration Chief Officers Committee which recommended
that the second phase of the project be performed. This
phase would perform a detailed needs analysis and recommend
a specific solution to meet those needs.

5.13.2 New Initial Input for CRPS

C. J. Tanner

The arrival of the new CYBER 720 at CRNL allows
interactive COBOL and FORTRAN programs to be executed. A
COBOL program has been written to accept data for a new
employee to be added to the Central Personnel Records
System. This program requests each field by name and issues
error messages if any of the data does not pass the valid-
ation checks. Use of such a system should greatly reduce
the time taken to add new employees to the system.

5.14 Integration of Tabular Data

J.M. Blair

The AELIB subprogram currently recommended for
one-dimensional quadrature of tabular data is SPLINT (P.J.
Davis and P. Rabinowitz, "Methods of Numerical Integration",
Academic Press, 1975) . A computer user has reported order
of magnitude errors with this code in certain cases of
practical interest. A recently published subroutine GENINT
(J.M. McNamee, "A Program to Integrate a Function Tabulated
at Unequal Intervals", Int. J. Num. Meth., Eng., Vol. 17,
1981, p. 271) gives better accuracy for the same cases (~10%
errors), but gives an unreliable error estimate. Information
on other available algorithms is currently being sought.

One approach to this problem is to interface an
interpolation subprogram with an algorithm for one-dimensional
quadrature of a continuous function. This enables us to
take advantage of the robust integration software currently
available. A suitable interpolation algorithm is the AELIB
code AIKINT, which has undergone limited testing in conjunction
with COSIMP. The tests indicate that good accuracy is
attainable, provided the two accuracy parameters (error
tolerance in interpolation and error tolerance in integration)
are chosen appropriately. Further tests are planned, to
test other interpolation strategies, and to determine the
effects of the two accuracy parameters.
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5.15 The NJOY Nuclear Data Processing System

P.Y. Wong and C.G. Griffiths

In multi-energy group neutronic calculations the
use of a particular computer code is often dictated by the
type of cross-section data that is available. The NJOY
nuclear data processing system (LA-7584-M, Los Alamos
Scientific Laboratory, December 1978) is one of the latest
data processing codes which generate multigroup neutron and
photon cross sections from ENDF/B-V. Such multigroup cross
sections can be used by many neutronic codes, including
ANISN and MORSE-CG that are used at CRNL.

The NJOY system has been implemented by D.S. Craig
of Applied Mathematics Branch. The system is large, con-
sisting of 12 modules with some 250 subroutines and about
30,000 lines of FORTRAN statements. We are now studying the
system with a view to producing from ENDF/B-V a 100-group
cross-section library that is suitable for fusion reactor
blanket calculations.

5.16 Data Reduction and Analysis

5.16.1 Data Processing System for Analysis of
Fuel Defect Experiments

C.A. Wills

The peaks, which were not adequately modeled by a
Gaussian plus a step background (see PR-P-129, AECL-7328;
5.15.1), have been tentatively identified as doublets which
GRAAS has not identified. Further testing of the model with
the step background showed that in some cases it was producing
an unacceptable fit with the background having a large
positive slope. A better model appeared to be a Gaussian on
a single straight line background. This differs from the
old version of GRAAS in that the linear background is
included in the fit rather than subtracted off before the
peak is fitted. This model is now being tested in the new
version of GRAAS. Further work is in progress to discover
why some peaks are not approximated at all by the algorithm
in GRAAS and to test the identification and fitting of
doublets. The algorithm for the initial statistical test on
possible peaks is being tested to see if it can be made.more
efficient. A problem with matching peaks in a calibration
spectrum to those in the reference spectrum has been
resolved.
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5.16.2 Analysis of Airborne Release

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

Weekly data for the calendar year 1979 has been
analyzed for tritium release from Buildings 163 and 210,
unidentified g release from Building 163, and 131I release
from Buildings 163, 375 and 468. All of these six data sets
appear to follow a log-normal distribution, although the
tritium release data from Building 163 has very large
uncertainties in the parameter values. The data sets of
tritium and unidentified $ release from Building 163 contain
two and three values respectively which are much larger than
the re3t. The remaining values due to "normal" weekly
operations are very well approximated by normal distributions.
The three 1 3 1I release data sets all include five values
which are much larger than the rest of the data. The
remaining values, due to "normal" weekly operations have
been approximated by log-normal distributions. The data
from Building 210 shows no evidence of a population split.

5.16.3 Modifications to Programs for
Analyzing DNA Molecular Data

G.L. Klawitter

The ALKELUT program, work reported for M.C. Paterson
in PR-P-127; 5.15.3; AECL-7102, has been slightly modified to
compute 3H- and 14C-labeled DNA disintegrations per minute
more accurately. In addition, two new analysis methods have
been added to the ELUTION program, reported completed in PR-
P-128; 5.12.1; AECL-7234.

A rewrite of the ALKALINE SUCROSE program, to
analyze alkaline sucrose data stored in the file FRACTIONS by
the SCIN program (see PR-P-126; 5.11.3; AECL-7055) to
improve readability and combine two previous versions into
one, has been completed. A corresponding control card and
input data sequence writeup for the new version of the
ALKALINE SUCROSE program (currently renamed as ALSUCRO),
was also completed.

5.17 Miscellaneous Programs and Subroutines

5.17.1 HCC-3.1

M.T. Boulanger and J.M. Blair

An updated version of the HCC code (PR-P-125,
AECL-6956; 5.14.4) has been obtained. This version corrects
a number of errors in the current version. Mathematics and
Computation Branch has been asked by Design and Technical
Services Branch to take over the maintenance of HCC. The
program has been compiled, and is currently undergoing
benchmark testing.
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5.17.2 Oil/Electric Hybrid Heating Experiment
Data Storage and Processing

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

The programs described in PR-P-129, 5.14.1; AECL-
7328, have been used to generate a complete tabular report
for the 1980/81 heating season. In addition, most of the
plotted outputs are available. Items remaining to be
completed are (i) to fit a smooth curve to the data points
in graph #6 (a plot of average energy per experiment type as
a function of Celsius degree days) and (ii) to generate
plot #7 (a plot of total energy per house type, per
occupancy category, and per appliance demand category as a
function of Celsius degree days).

5.17.3 Seal Analysis Program

D.G. Stewart

Four programs, to do seal analysis, were revised
for export to an external site. Since export of this
package may be required several times in the future, a set
of instructions and card decks were set up to make the
task easier. A writeup, permanent file and card decks were
prepared and given to Ray Metcalfe of Mechanical Equipment
Development Branch who will handle future export of these
programs.

5.17.4 Meteorological Data Tape Preparation•

E.G. Long and J.M. Blair

A magnetic tape of wind speed and solar radiation
data is being prepared for Environmental Research Branch for
transmittal to an external client. The data were recorded
at a number of sites at CRNL and extend back to 1963 March.
Some of the data already exist on magnetic tape, some on
punched cards, and some on forms. The latter are being
keypunched by Computing Centre staff.

5.17.5 Program for Plotting of Neutron-Scattering Results

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

See PR-P-130; 3.15; AECL-7408.
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5.18 Operations

5.18.1 Changes to Usage Statistics and
Accounting Programs

M.A. Peterson, E.A. Okazaki and D. McPherson

The programs which accumulate daily and monthly
statistics on job execution, plotting, magnetic tape rental
and permanent files were changed to handle the new accounting
information, i.e., charge number and user number instead of
branch code.

A set of programs was also prepared to translate
Engineering Company usage statistics from the old format to
the new.

5.18.2 Statistics of Turnaround Times for Application
Programs

D.T. Cheung and J.M. Blair

Two programs, ACCNT and PREQ, have been written to
generate turnaround statistics for application programs
maintained by the branch, in particular, STARDYNE, TPIPE and
MARC. The program ACCNT reads a file containing the names
of all jobs which used the particular application program
during the period of interest, and for each jobname extracts
the dayfile summary from the dayfile master tape and writes
it to a second file. FREQ reads the resulting file and
generates the density function (histogram with 15 min
interval width) of turnaround times, where the turnaround
time is defined as the time the job left a control point
minus the time the job entered the system. In addition,
PREQ computes the cumulative density function and the 50, 75
and 90 percentiles.

These programs may be used to obtain turnaround
statistics for any application program for which a file of
jobnames exists.

5.18.3 System Bulletin of Application Programs

D.T. Cheung

The system bulletin, APPLIC, has been prepared to
provide a brief description of a number of application
programs available on the CRNL computing system and maintained
by the Mathematics and Computation Branch.

The APPLIC bulletin currently contains information
on BMDP, MARC, SPSS and STARDYNE.
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5.18.4 Magnetic Tape Library

B.B. Ostrom and P. McGandy

The expanded magnetic tape storage area was
completely refurnished during the quarter with new storage
cabinets, and now is capable of storing 26,000 reels of
magnetic tape.

In addition, the alternate storage area has a
storage capacity of 3100 reels in open storage, and 800
reels in two fire-proof vaults.

5.18.5 Computer Use by Division

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

Utilization
Number of Jobs Systems Seconds

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

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

& Control
Advanced Projects &

Reactor Physics
Fuels & Materials
Administration
Finance
Operations
Maintenance &

Construction
General Services
Plant Design
Special Projects
Environmental Authority
Others

35
647

29,066
2,522

31,311
2,946

3,609
3,587
3,021
9,598

1,042

16,938
12,868

763
2,729
3,396

228
36

1,339
4,327

3
32

130,226

(0
(0

(22
(1

(24
(2

(2
(2
(2
(7

(0

(13
(9
(0
(2
(2

(0
(0
(1
(3
(0
(0

.03%)

.50%)

.32%)

.94%)

.04%)

.26%)

.77%)

.75%)

.32%)

.37%)

.80%)

.01%)

.88%)

.59%)

.10%)

.61%)

.18%)

.03%)

.03%)

.32%)

.00%)

.02%)

12
2,547

216

304
78

72
81
248
457

65

405
267
4

83
164

2
15

229

5,258

298
,716
,749
,530

,913
,956

,361
,279
,112
,286

,497

,160
,586
,250
,366
,046

97
,404
,681
,184
26
13

,286

(0.01%)
(0.24%)

(48.45%)
. (4.12%)

(5.80%)
(1.50%)

(1.38%)
(1.55%)
(4.72%)
(8.70%)

(1.25%)

(7.71%)
(5.09%)
(0.08%)
(1.59%)
(3.12%)

(0.00%)
(0.05%)
(0.30%)
(4.36%)
(0.00%)
(0.00%)



- 97 -

5.19 Reports, Publications and Lectures

Reports

REVISION 1 to A QUICK GUIDE TO THE CRNL COMPUTING CENTRE
Mathematics and Computation Branch Staff
AECL-Misc-189 Rev. 1, 1981 April

REVISION A to INTRODUCTION TO COMPUTING ON THE CYBER 170/6600
SYSTEM
J.M. Blair, L.E. Evans, E.A. Okazaki and G.N. Williams
AECL-6886, 1981 April

Publications

THE SINGLE PULSE PHOTOACOUSTIC TECHNIQUE FOR MEASURING
INFRARED MULTIPHOTON ABSORPTION BY POLYATOMIC MOLECULES
S.L. Chin, W.N. Selander, D.K. Evans and Robert D. McAlpine
Applied Optics Journal
1981 June

COMPUTING CENTRE NEWSLETTER, Vol, 8, Nos 4, 5 and 6
E.A. Okazaki, Editor

Lectures

THE MEMORY MANAGEMENT SYSTEM
C.J. Tanner
WNRE, 1981 May 28

INTRODUCTION TO COBOL
C.J. Tanner
Algonquin College of Applied Arts and Technology, Continuing
Education Course,
CRNL 1981 February 09 to 1981 May 12

MEASUREMENT OF IR MULTIPHOTON ABSORPTION BY POLYATOMIC
MOLECULES USING THE PHOTOACOUSTIC TECHNIQUE
S.L. Chin, W.N. Selander, D.K. Evans, and R.D. McAlpine
Oral publication: Second International Topical Meeting on
Photoacoustic Spectroscopy, University of California
Berkley, California
1981 June 22-25
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ACCELERATOR PHYSICS BRANCH

by

J.S. Fraser

6.1 Staff ;

6.2 Nuclear Power Applications

6.2.1 High Current Proton Accelerator
6.2.2 Electron Test Accelerator

6.2.3 Fertile-to-Fissile Conversion Experiments at TRIUMF

6.3 Research Applications

6.3.1 Fast Intense Neutron Source

6.3.2 Heavy-Ion Superconducting Cyclotron

6.4 Mechanical Laboratory

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

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

BRANCH HEAD:

Professional Staff

C.B. Bigham
J.C. Brown
K.C.D. Chan
B.G. Chidley
L.W. Funk
E.A. Heighway (1)
J.D. Hepburn
S.B. Hodge
C.R.J. Hoffmann
J.A. Hulbert
R.M. Hutcheon

J. McKeown
G.E. McMichael
J.H. Ormrod
H.R. Schneider
S.O. Schriber
M.R. Shubaly

J. Ungrin

Mechanical Laboratory

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

Attached Staff

L.O. Dallin (2)
J.-P. Labrie (3)

J.S. Fraser

Technical Staff

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

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

Laboratory Services

K.T.
J.J.

McKee
Murphy

Summer Students

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

Butler (4)
Duffie (5)
Okrafka (6)
Vanner (7)

Secretarial Staff

Mrs. M.A. Trecartin

(1) Posted to Rutherford and Appleton Laboratories,
Oxfordshire, England, 1980 August 15.

(2) Attached Staff from University of Saskatchewan,
Saskatoon, arrived 1980 September 19.

(3) Attached Staff from Université de Montreal, arrived
1980 September 08.

(4) Summer Student, joined Branch 1981 May 01.
(5) Summer Student, joined Branch 1981 May 04.
(6) Summer Student, joined Branch 1981 May 04.
(7) Summer Student, joined Branch 1981 May 06.
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6.2 Nuclear Power Applications

6.2.1 High Current Proton Accelerator

S.O. Schriber

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

6.2.1.1 Ion Source and Injector Development

M.R. Shubaly

Development of the high-current reflex-arc ion source
continues.

6.2.1.1.1 Ion Source Test Stand (ISTS)

Hardware for the microprocessor-based control and
data acquisition system for the Emittance Measuring Unit is
complete and the software is 90% complete. A monitor program
to permit on-line development, testing and debugging has been
developed. A new control system for the high voltage power
supply is being designed.

6.2.1.1.2 Injector Test Experiment (ITE)

Recurrent damage from spark-induced transients has
delayed experiments on mass-analyzed beams. Satisfactory
operation has again been achieved and measurements are
underway. All components for the differential temperature
chassis have been received and assembly is underway. This
unit, in conjunction with the Flow/Power Monitor, will provide
a continuous display of power incident on various beam dumps
and an unambiguous measure of beam current.

6.2.1.1.3 High Current Ion Source

Initial studies of beamlet stacking in phase space
have given very encouraging results. Radial displacement of
the apertures in the plasma aperture plate is used to steer the
individual beamlets to a cross-over point. Best results would
be obtained if this point coincided with a beamlet waist;
however, the present electrode geometry does not permit this.
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Within the limits of the steering available, the total
emittance for the beam has been reduced by a factor of 1.9.
Because these measurements were made using hydrogen, the
varying mass fraction makes comparison with theoretical
calculation difficult. Measurements using argon are planned to
ease the comparison.

Further studies of the problem of low proton
percentage have been delayed pending completion of a new source
assembly that permits more systematic parameter variations.

6.2.1.1.4 Injector Design

A means is being sought to achieve continuously
variable current out of an RFQ (see section 6.2.1.4.4) without
using a 2 stage injector or a biased RFQ. Current variability
with a single stage injector is difficult because for a matched
beam, I « mV2v3/2 vhere m is the effective mass and
V is the injector voltage. However, there are methods
available to achieve appreciable current variability,
particularly if some energy variably can be tolerated by the
RFQ. Injecting excess gas into the ion source reduces the
proton percentage. This a) reduces the proton current at a
given beam current and b) by increasing the effective mass,
reduces the matched current at a given voltage. This can give
a 30% or more reduction in the current out of the injector at a
fixed voltage. A neutralizer tube after the ion source but
before the bending magnet converts ions to neutrals and can
reduce the ion current by up to a factor of two, especially if
the voltage can be lowered. A neutralizer that can be used to
determine the current range is being designed.

6.2.1.1 Code Development

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

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

6.2.1.2.1 PARMILA

It was noted that PARMTEQ gave different transmission
results depending on whether a normal square root function or a
"quick square root" function was used (the values of these
functions differed by 1 part in 10*>). The error was traced
to the way the space charge subroutine was called in the radial
matching section. Because <j> s = -90° in this section, cells
are exactly 10 integration steps long so round off errors (or
other minor shifts) can delay a space charge call by 1 time
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step. This changes the calculated beam spill 50 cells or more
later by, in some cases, up to 5% of the initial beam. It
indicates that the space charge calculation in the radial
matching section is very important and that the present
calculation is inadequate. Several modifications are being
tried.

Several modifications were made to PARMTEQ and
PARMILA to accommodate heavy ions where, the charge-to-mass
ratio is changed by means of strippers between tanks or is
different from the value the tank was designed for.

6.2.1.2.2 BEAM

Coding of version one of BEAM, an ion beam extraction
and acceleration modeling code, is essentially complete. Some
final editing of the code to improve its readability, and
writing of a user's manual are currently underway. Requests
from present and potential users for additional features have
indicated the need for a second version. A tentative
specification for this is being drafted.

6.2.1.2.3 General

The Hewlett-Packard microprocessor development
station has been upgraded. At present the following are
supported: 12 M byte hard disc; cartridge tape unit; terminal;
8080/8085, 8086, and Z80 assemblers; PASCAL compiler; and
8080/8085 and Z80 real time emulation. Updated operating
systems have been installed as they are issued by
Hewlett-Packard. Users' experience with the system is very
favourable.

The microprocessor-controlled bead puller project is
proceeding well. Host equipment is on hand, the system wiring
is underway, and software development continues.

6.2.1.3 High Current Test Facility

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

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

Injector operation this quarter was limited to low
current (1-2 mA) testing of the beam light profile monitor
installed in the 45° beam line.

One of the motor generator output windings developed
a ground fault due to a water leak in the generator cooling
lines. The leak was repaired and the generator was dried out
and returned to service.

6.2.1.3.2 RF Systems

Tuning range tests were performed on the main rf
source to determine the operating frequency limits in order to
set design constraints for the RFQ Sparker Vane Test
structure. The frequency of each stage was moved progressively
up from the lower limit of 265 MHz to a final stage limit of
276.5 MHz. Above 270 MHz the TEM-3 mode in the triode input
structure is heavily loaded requiring a large loop area for
critical coupling. At 276.5 MHz the loop is fully extended and
the best match attainable is about 1.5/1.

Sufficient drive is available at the triode grid to
deliver enough output (approximately 150 kW) for the RFQ
Sparker Vane tests.

The range of the voltage-controlled oscillator of the
low level rf control unit is inadequate for the Sparker tests.
However it was possible to replace this assembly with a
commercial signal generator (HP8640B) driving a 1 watt
broad-band amplifier.

Repair work on the 500 kW rf dummy load has resumed.
The new water sheath was accidentally cracked during machining
of the inside end surfaces. The damaged section has been
removed and a metal extension,which will be located at the
shorted end, is being fabricated.

6.2.1.3.3 Alvarez Tank

Tank operation was resumed upon completion of the
frequency range test on the rf system. During several attempts
to raise the tank to the design field with rf drive from the
triode amplifier, rf arcing in the window region of the drive
line damaged the teflon window. Sufficient teflon was
evaporated to heavily coat the drift-tubes facing the drive
line port. The tank end plate was removed and the drift tubes
and wall surfaces were cleaned.
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Before closing the tank, a modification to the stem
seal on the last drift tube, reported in PR-P-129, section
6.2.1.3.4 (AECL-7328), was installed. In the new arrangement
shown in Fig. 6.2.1, two garter spring contacts, supported with
split-rings, were added in the annulus between the stem and the
extended sleeve. This is intended to provide a good electrical
short for the stem currents at a point where the spring contact
can be well cooled at both its inner and outer boundaries.
This approach was tested with good results at Los Alamos in a
coaxial cavity simulation of the stem to wall joint.

Tank conditioning in preparation for beam operation
and testing of the modified stem seal has resumed.

Drafting is completed for the main components of the
3 MeV proton beam energy analyzing system (water cooled
collimator, drift line and magnet vacuum box) and they have
been submitted for cost estimates.

6.2.1.3.4 Modular DC Power Supply Facility

This facility consists of five high voltage high
current power supplies in Bldg. 457 with a total capacity of
2.6 MW.

Over the past years, major modifications have been
made to these supplies to improve their reliability, simplify
maintenance, and reduce transient interference between the
experimental facilities that use them.

The four supplies in the cc. on enclosure system have
been rearranged into compact assemblies, with short direct
wiring. Where coaxial cables were required, commercial stress
cones were installed. Overhead cabling contributing to noise
transient coupling has been eliminated.

The vacuum contacts of the primary switches were
replaced with low current chopping types as an additional
protective measure against turn-off transient damage to the
rectifier diodes. Maintenance on the three sets of switches
located outdoors has been severely impaired during winter.
Those for module A were moved indoors and the wiring was
installed for relocating those for modules B and C. Completion
of the move is planned for an October shutdown.

The rectifier assembly was replaced on the Raytheon
3 5 kV supply to reduce high single phase ripple. The original
potted modules are no longer available so the entire assembly
was changed to a Westinghouse design that is readily
serviceable.
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Fig. 6.2.1 Modified drift tube stem joint with dual garter
spring rf seal.
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6.2.1.4 Zero Energy Breeder Accelerator

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

As an extension of the present high current proton
accelerator program to higher energy and current, the design
requirements for a 10 MeV, 300 mA cw proton linac, ZEBRA (Zero
JInergy Breeder Accelerator) are being studied. This
accelerator wouTd 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 (<*. 50
kV) dc injector, a biased radio-frequency cjuadrupole (RFQ)
section (̂  100 MHz and a drift J:ube _linac (DTL) (̂  200 MHz).
The transition from the RFQ section to the DTL will occur in
the 2*0 - 2.5 MeV range.

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 drafted and will be built to investigate
sparking levels in a cw RFQ structure.

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

In addition, a simple 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.

6.2.1.4.1 RFQ Modeling Studies

A nominally 500 MHz four-vane RFQ cavity has been
built from 57S aluminum with provisions for changing vanes and
adjusting the end wall. Only 20% of theoretical Q was
attainable with first assembly. This decreased to 10% with the
use of thin aluminum shim sheets. Increasing the. number of
bolts by a factor of three (bolt spacing 3.75 cm instead of 11.25 cm)
on the 50 cm loner vanes improved the Q to 70% of theoretical.
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Eighty percent of theoretical Q was achieved using self-
adhesive rf finger strip between the vanes and the outer
cylinder wall.

Frequency and Q characteristics as a function of the
end wall location have been determined for the TE21X (the
RFQ mode), the TE212 and the TE213 modes. Measure-
ments to determine the region of field between the vanes and
the end walls were used to verify design of the RFQ "sparker"
cavity.

Presently work is underway to determine the tuning
range with end wall tuners.. A more accurate alignment of the
vanes will be necessary for detailed studies of tuning effects.
Methods of mounting the vanes and a manifold configuration are
being investigated.

Detailed drawings for the RFQ "sparker" cavity have
been completed but construction is delayed pending fiscal
approval. Flanges and some other purchased parts for the
structure have been delivered.

6.2.1.4.2 Two Beta Lambda Alvarez Tank (2BLAT)

Experiments on field stabilization using post
couplers are underway with a 50 cm diameter aluminum Alvarez
test tank. The tank, which resonates in the TMgio mode at
37 2 MHz, has 21 drift tubes and is a 0.7 scale model of the
0.8 - 2.8 MeV section of the existing 3 MeV Alvarez
accelerator. Ten 19 mm diameter post couplers which alternate
from side to side opposite the even numbered drift tubes have
been used in initial tests. Field perturbations are produced
by adjusting the endplates to produce a field tilt while
maintaining cavity frequency.

The large area tabs (about 4 times the stem cross
section) produce a large field tilt with 90° right or left hand
rotation from the neutral vertical position. At the end cells
the field changes by a factor of three. One and three post
couplers near the centre of the tank have been used to attempt
to put a step in the field such as might be used in a variable
energy linac. With the large tabs, one coupler produces about
a 5% change and three couplers produce a 15% change. Both
cases, however, produce an ^ 5% step of the opposite direction
for several cells before the step, and in addition, tilt
stability is lost when the tabs are rotated.

Machining of the 480 MHz aluminum model shell has
been completed. Work on the other components is in progress.
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A series of tests is still in progress to determine
the best method of sealing a drift tube containing permanent
magnets. The best electron beam weld has given a 0.16 cm thick
leak tight zone in OFHC copper. Attempts to improve the joint
by inserting a ring of braze alloy directly below the electron
beam weld have resulted in porous joints. Inside surface
temperatures on joint samples appear to lie between 200 and
300°C. It may be necessary to cool drift tubes with water when
the joints are electron beam welded.

6.2.1.4.3 Resonant Load

The ZEBRA accelerator will require coupling loops and
windows capable of coupling rf power in the 500 kW range into
Alvarez tanks. An 83 cm diameter by 1 m long aluminum tank,
resonant at 270 MHz and capable of dissipating 400 kW is being
built. This resonant load will be used to test various loop
and window designs and will also include a number of flanges to
test post-coupler, tuner, and drift-tube stem mounts. The
frequency was chosen to match existing rf equipment.

Construction of the resonant load tank is progressing
satisfactorily. There have been some problems in obtaining 1/2"
(nominal) plate for the inside tank wall. The coupling loop design
was completed and construction has started. A design for the
tuners has just been completed and is ready for a cost
estimate.

A light weight low power resonant load model has been
fabricated to permit tests on coupling loop designs.

6.2.1.4.4 Beam Dynamics

The search for an acceptable RFQ-DTL combination for
ZEBRA continues. A number of 108 MHz RFQ, 216 MHz DTL designs
have been studied with the transition from RFQ to DTL occurring
at 2.0 MeV. At these frequencies, an input energy to the RFQ
of 75 keV appears necessary for a 400 mA design (50 keV
injection is sufficient for the 200 mA designs but this would
required funneling of two 2 MeV 200 mA beams).

The "best" 400 mA RFQ design gives a transmission of
84% with a 460 mA, 75 keV input beam (388 mA out) and has an
output synchronous phase cj>s = -35°. Tapering <f>s in the
accelerating section from -35° to -20° does not improve the
output phase spread, nor does it help to design for different
output <(>s. The addition of a buncher cavity between the RFQ
and DTL improves the capture by the DTL but 100% capture has
not yet been achieved, leading to unacceptable beam loss at
greater than 5 MeV. Modifications to improve the capture are
being examined.
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A further requirement for an accelerator breeder
target is that the current be continuously variable from zero
to the full design value. It is difficult (see section
6.2.1.1.4) to obtain variable current from a single stage ion
source without varying the voltage. At full current, the
acceptance of an RPQV drops off rapidly with decreasing
injection energy. Therefore a two stage injector or biased RFQ
appeared necessary. However, at reduced current, the RFQ has
acceptable capture down to 8 5% of the design injection energy.
If by this energy, the methods described in 6.2.1.1.4 can
reduce the injected current to 25% of design, it appears that
it may be possible to spill the remaining current in the RFQ in
a controlled manner, thus achieving the continuously variable
current requirement with a single stage injector.

Another scenario being examined is one with two 200
mA RFQ's injecting into a single DTL operated at twice the RFQ
frequency. Beam dynamics calculations on funneling devices to
accomplish this have begun, starting with using a single cell
RFQ with unmodulated vanes as a funneling device. The input
beams to the funneling RFQ are assumed to be output from RFQ's,
so the beam ellipses in the transverse planes are negatively
correlated. Furthermore, one input beam is assumed to be
converging in the funneling plane and the other diverging. The
funneling RFQ is run at the same frequency as the input RFQ's,
which are run 180° out of phase.

It has been found that, if the converging and
diverging beams are injected at specific distances off axis and
at small angles when the funnel is defocusing and focusing,
respectively, the two beams will leave the first cell nearly
co-linearly and with zero slope. The optimum input position
for each beam is a function of the input slope. The largest
angle tried so far is 50 mrad, for which the input position
must be ^ -7 mm. The beams come out at ^ -5 mm. These runs
do not include the effect of space charge or finite momentum
spread in the beam* They assume a phase width of the bunch of
45° which may prove to be too optimistic.

Since the funneling device may have to cope with beam
A<j> in excess of 90°, difficulties with an rf device are
anticipated, and the properties of static quadrupoles are being
examined.
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6.2.2 Electron Test Accelerator

J. McKeown

This 4 MeV accelerator is used for accelerator
physics studies with cw structures at high beam current and
high beam loading. An extension of the facility to a three
tank machine began during the period. The new layout will
permit accelerator physics experiments to proceed concurrently
with nuclear physics and other experiments. An electron
irradiation facility for pure and applied physics applications
will be provided.

6.2.2.1 Accelerator Extension

J. McKeown

A plan view of the new beam line is shown in Fig.
6.2.2. The beam emerges from M3 and is bent by 45° by the
dispersive dipole D]_. The large water-cooled magnet
chamber in this magnet is capable of dissipating stray beam.
The high power variable slit S^ permits energy selection
and the transmitted beam is refocused by quadrupole Q]_.
The position of the focus depends on whether the dipole D2
is on or off. When turned off the beam passes through to the
electron irradiation facility. A thin aluminum window will
transmit the beam from vacuum to air and hence to the target.
With the dipole turned on, the beam passes to the new Model 5
structure for beam tests of that structure. A third operating
mode is possible when the 4 MeV beam passes straight through
with dipole D^ turned off and is available for experiments
with an in-line beam dump. The parity violation experiment
will be carried out in this position.

The new arrangement requires an extension of nearly
all existing facilities. Eighty-five new blocks of
approximately three tonnes each are needed for shielding. To
date, twelve have been made. The roof of the north end of the
tunnel has been removed and further work awaits cessation of
the MEDAC program. Cooling water for Model 5 will be provided
from the Model 3 cooling system which has a heat exchanger and
secondary pumping system of adequate capacity. The rf power
will be provided by a third klystron situated in the mezzanine
at the southeast end of the tunnel. The two dipoles D^
and D2 have been fabricated in the main workshop and await
field mapping. Both magnet vacuum chambers have been
fabricated.



Fig. 6.2.2 Extension of ETA to tunnel showing details of the 90° bend and the location
of Model 5-
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6.2.2.2 Beam Cavity Interaction Studies

K.C.D. Chan

The CRNL version of the computer code BCI
(Beam-c:avity-Interaction) has been used to study the beam
excitation of a single cavity and a structure composed of one
coupling cell and two accelerating cells. This version is
called BCICRNL and is available as an UPDATE OLDPL in the CRNL
computer.

In the simulation, a single cavity, which has the
geometry of an accelerating cell in Model 5, was excited by a
train of charge bunches equivalent to a current of 20 mA. The
behaviour of this cavity before equilibrium is being studied.
Assuming that approximately half of the energy loss by the beam
goes into the fundamental mode of the cavity, a TMnio-like
field pattern oscillating with the fundamental frequency is
built up in the cavity. When the frequency of the exciting
bunches is slightly displaced from resonance, the succeeding
bunches do not always arrive at the same phase relative to this
built up field in the cavity. A bunch loses and gains energy
depending on whether it is in or out of phase with the cavity
field. This beat frequency effect is observed in the time
dependence of both the bunch energy loss and cavity stored
energy.

In another simulation, a structure consisting of a
coupling cell and two accelerating cells is excited by a beam
bunch. The wake field oscillates with the fundamental mode
frequency as in the case of the single cavity but with an
amplitude modulation increasing with time. A Fourier
transformation of this modulation shows the frequencies of the
two coupled resonator modes, i.e. 0 and TT modes, of the
structure. Presently, a similar structure with increased
coupling is being studied.

6.2.2.3 High Power Pancake-Coupled Structure (Model 5)

J. McKeown

High power tests of Model 5 have begun. The
structure has been provided with rudimentary services on top of
the south end of the shielding tunnel and short pulses up to 60
kW at low duty factor have been fed to the structure. Break-
down occurred at pulse widths greater than 200 ys. Local
heating on one coupler probe was traced to breakdown at the
transition to the vacuum flange. All probes have been
redesigned to correct the problem. Further high power work
requires water services and calorimetry which are currently
being installed.
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6.2.2.4 Microtron and Beam Transport Studies

L.O. Dallin, J.-p. Labrie and J. McKeown

Detailed beam dynamics calculations for a linac
injector proposed for the Montreal-Saskatoon microtron project
are underway. Calculations with the computer code PARMELA show
that 50% transmission of the dc beam through the 32 cell, 2.45
GHz graded-3 linac is achievable and that its unnormalized
longitudinal admittance is 10 IT keV-rad and its unnormalized
transverse admittance for a synchronous phase of -30° is 19 v
mm-mrad.

Discussions with K.H. Kaiser, visiting CRNL from the
University of Mainz, have confirmed that the computer code
MELLY7 is specific to the Mainz microtron design and that a
similar matrix code must be written to obtain the gross
features of the transport elements required for beam
recirculation through the Model 5 linac. An interactive
computer code using the beam transport element subroutines of
TRANSPORT, the element optimization subroutine of TRANSOPTR and
the accelerating section representation of PARMELA is being
considered. This requires matching the input and output of
PARMELA, which is a ray tracing program, to the output and
input of TRANSPORT which uses a matrix representation of the
beam. Detailed design optimization and performance will be
studied by the numerical methods used in the Mainz code
PTRACE.

PTRACE has been used to follow the path of nine
particles through the 90° bend shown in Fig. 6.2.2 with initial
energies 3.3 ± 10% MeV and axial displacements up to 1 cm.
With zero initial angular dispersion there was a dispersion of
less than 1 mrad in the x direction but up to 5 mrad in the y
direction. Under the same conditions but with a point source
and with 10 mrad dispersion a final beam size at the beam dump
was less than 2 cm. The calculations indicate that only
moderate field strengths will be necessary in the focusing
solenoids.

PTRACE was also used in a paper study of beam
recirculation through Model 5. With reverse clamped end
magnets of strength 0.0673 tesla and an energy gain per turn of
1.22 MeV, a stable phase oscillation was formed at an orbit
spacing of 12.1 cm. The initial phase for stable operation was
found by running the program in reverse from the tenth orbit
until the decreasing 3 of the particle introduces unstable
phase slip. The available phase space vanishes at 2 MeV but
has a width of 28° at 4 MeV for a 2% energy spread.
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6.2.2.5 Beam Blowup Modes Excitation Studies

J.-P. Labrie and J. McKeown

Measurements of transverse beam blowup modes in a
hybrid linac structure excited by an off-axis beam are complete
and results will be presented in a paper to be submitted to
Nuclear Instruments and Methods. The sensitivity and frequency
of these modes are not calculable by analytical or numerical
methods.

The hybrid linac structure, shown in Fig. 6.2.3, is
composed of two on-axis coupled half cavities and two coaxial
coupled half cavities having an accelerating mode frequency of
1.35 GHz. Beam blowup mode excitation by an off-axis beam is
simulated by short pulses of current in a thin conducting wire
(0.127 mm dia.) displaced from the structure's symmetry axis.
Measurement of the TMnQ-like mode amplitude in each cell
of the hybrid structure yields the relative sensitivity of each
cell to beam blowup mode excitation and thus its relative
contribution to beam deflections.

The results are summarized as follows:

(a) For identical accelerating cells with coupling slots
having the same width and same arc length, 21% more
coupling is obtained with the coaxial coupled structure.

(b) Measurements .of the TMixo roode amplitude as a
function of the wire displacement from the structure
axis suggest that the electric field lines of the
TM^io mode extend closer to the structure axis than
in the case of the on-axis coupled structure. This
observation could not, however, be confirmed by bead pull
measurements.

(c) Radial dielectric bead pull measurements in the on-axis
coupling cell have shown that the electric field
distributions of the two TMT^Q modes are different
from each other. The coupling slot acts as a sink for
the electric field lines of the TM^^Q mode with a
symmetry plane perpendicular to the coupling slot axis,
and electric coupling of this mode to the equivalent
mode in the accelerating cell is observed.

(d) The amplitude of the T M H Q was identical in the
on-axis coupled accelerating cell,, on-axis coupled
coupling cell and coaxial coupled accelerating cell. In
the coaxial coupled coupling cell, the mode can only be
excited through the coupling slots and was two order of
magnitudes smaller. Since the transit time of a
particle through the on-axis coupling cell is one order
of magnitude smaller than the transit time through an
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accelerating cell, beam perturbation resulting from
direct beam excitation of the TMno mode in the
coupling cell is of the order of 10% of that resulting
from the excitation of the same mode in an accelerating
cell.

Parasitic modes excited in biperiodic systems can be
reduced by almost half if direct beam-cavity interaction of the
resonant coupler is eliminated. The advantages of the TT/2 mode
biperiodic systems are therefore available for application in
storage rings at a loss in shunt impedance of only 6%. The
coaxial coupled structure has the mechanical simplicity and
approximately the same shunt impedance as the on-axis coupled
structure. Its overall radius is less than that of the
disk-and-washer structure but larger than the on-axis coupled
structure, making it an acceptable structure for microtron and
other designs.

6.2.2.6 Computer

K.C.D. Chan

A new console teletype TTY Model 43 has been
installed. This console operates at an increased speed to 30
cps and has a field width of 132 characters. The OWL driver
has been improved. A permanent version still has to be
incorporated to the operating system.

Many of the intermittent problems that have occurred
recently have been found to stem from pin connections becoming
corroded on the back panel of the jumbo chassis.

6.2.3 Fertile-to-Fissile Conversion Experiments at TRIUMF

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

Using the y-counting calibrations established with
foils containing 24^a and 298ftUf standardized at
CRNL(PR-P-129, 6.2.3; AECL-7328), analysis is underway at Simon
Fraser University of the previously recorded data on neutron
leakage from targets of depleted U and Th metal and of UO2.
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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 1 2 n/s, 14 MeV neutron source
continued.

The 3 Hz current and voltage oscillation referred to
in the last quarter (see PR-P-129, 6.3.1; AECL-7328) was caused
by a faulty line regulator. A spare unit was installed.
During the tests, the main servo amplifier was replaced; the
new one has been retained because it has adjustable gain,
eliminates the servo attempting to respond to ripple peaks, and
gives generally better operation.

The ion source was removed for routine maintenance.
It had lasted very well and showed no unexpected deterioration.
Unfortunately, the brief (< 3 hours) exposure of the
accelerating column to dry nitrogen gas and the insertion of
refurbished ion source components greatly reduced the column
current conditioning. About 20 hours of low current operation
was required to restore previous operation.

The new tritiated target was installed, and neutron
production runs at the 1 x 10^2 n/ s level were done for
CRNL and outside users. This target shows an outgassing
threshold of ^ 8 mA; the previous target had a threshold of
^ 13 mA (25 mA is required). The difference between targets
may be attributed to a change in beam power density from the
new ion source, the ages of the two targets, the amount of
exposure of the target to low-current beam, or some difference
in target properties. Beam current profiles continue to be
normal. The two targets will be used to depletion, then the
revised target/cooling baffle arrangement (see PR-P-125, 6.3.1;
AECL-6956) will be tritiated and tested.

6.3.2 Heavy-Ion Superconducting Cyclotron

J.H. Ormrod

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

C.R. Hoffmann

A new current lattice was generated for mapping
fields which has the minimum outer coil current changed to 50 A
(instead of 10). The new lattice was installed in TRIUMFTWO.

TRIUMFTHREE was modified to use measured trim rod
data of magnetic field amplitude as a function of rod
retraction.

A code ONEMAP was written which reads a single
measured field map (instead of a 6 x 8 array of maps required
in TRIUMFTWO) and changes it to a form suitable for input to
TRIUMFTHREE.

6.3.2.2 Cryogenic System

J.A. Hulbert

6.3.2.2.1 Helium Liquefier

The CTI 1400 liquefier has operated continuously
throughout the current period maintaining the magnet coil at
operating temperature for 48 field mapping runs and other
measurements. Two shutdowns of 24 hours each were necessary to
restore full flow to the low pressure heat exchange, minor
stoppages were necessary for drive-crank bearing replacement
and measurements were interrupted for two days while
recovering from a twelve-hour liquid production loss caused by
a main electric supply outage.

6.3.2.2.2 Instrumentation

During cyclotron magnet operation, supervision of the
helium liquefier and cryostat functions occupies 1-2 persons
continuously. This supervisory and control task, necessary but
tedious, v/ill be transferred to the system computer. A number
of NIM modules are under development to provide the necessary
interfacing to standard CAMAC units. The amplifier modules
described in the last report are part of this development.
During the .present period valve operators for ac solenoid
valves and for dc motorized valves have been completed and put
into service, together with an "SPO coupler" which links four
valve operators to a CAMAC SPO module. A "computer refreshed
switch" unit is under test. This unit will check periodically
that computer control is still effective and initiate the safe
shutdown of the liquefier should computer service be
interrupted. The first stage of computer control will be to
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monitor overnight continuous transfer of liquid helium to the
cryostat, putting the system into a 'standby1 condition if any
critical parameters go outside preset limits. The existing
prototype NIM modules provide the necessary interfacing for
this stage, which will be put into operation as soon as testing
is complete.

The next stage, full control of liquid transfer,
requires six liquefier valves to be under computer control.
Design of two special pneumatically operated valves which will
be direct 'screw-in1 replacements for existing cold box valves,
is 95% complete.

6.3.2.2.3 Transfer Tube Development

New transfer lines, between liquefier(s) and
cryostat, will be provided for the final cyclotron
installation. These lines will be fitted with low temperature
shields wherever possible, to improve liquid transfer
efficiency. Drafting, to define the limiting line dimensions
and routing, is complete and detailed design of the lines can
now start.

6.3.2.2.4 Cryopumps

J.A. Hulbert and C.B. Bigham

The Mk I pump continues to provide useful pumping for
rf tests of the accelerating structure. The Mk II pump has
been delivered by WE&P Branch and is awaiting instrumentation,
surface finishing and insulation.

Difficulties with the Mk I pump arose from problems
in maintaining the small dimensional clearances. Less
stringent spatial limits on the Mk II model have made it
possible to increase clearances. The marked dependence of
helium boiloff on incident rf power in the Mk I pump during
early tests may most likely be attributed to a gap left between
the inner baffle and its associated shield. The slot would
have acted as an antenna radiating about 1/5 of the shield
incident power on to the helium vessel.

Current performance figures for the Mk I pump with 50
kw of rf power in the accelerating cavity are:

Power absorbed in the helium vessel 0.4 W
Intermediate baffle loading (rf) 10-20 W
Rf attenuation of each pump baffle 14-16 dB
Pump speed - air 320 L-h"1
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More extensive instrumentation of the Mk II pump will
provide better assessment of the rf parameters.

Operation of the Mk I pump requires a filling with
liquid every 40 minutes. Each filling results in a loss of l's
-2 litres of liquid due to transfer tube inefficiency. The
final installation will employ a shielded transfer tube to
eliminate the excessive losses. Vacuum fluctuations from the
temperature excursions of the intermediate baffle occurred
during initial operation but were eliminated by refilling
before the helium pool completely evaporated.

6.3.2.3 Magnet

J.H. Ormrod

6.3.2.3.1 Trim Rods

The linear potentiometers used to monitor the 104
trim rod positions have been mounted and wired to four
32-channel ADCs. Trim rod positions can now be read with a
MUMTI program. The rods have all been zeroed (set flush with
the midplane surface of the hill) and the first harmonic
content of the measured fields reduced from the 1.7 mT reported
last quarter to ^ 0.5 mT. This compares favourably with the
1979 measurements of ^ 0.4 mT caused by manufacturing and
assembly tolerances.

The clutch and gear drives have been assembled for
the trim rod cluster in the upper part of the third quadrant.
The solenoid clutch actuators, clutch position switches and
stepping motors have been wired, the interface module has been
made, the associated CAMAC modules assembled and most of the
cabling is completed. One more stepping motor power supply
must be built, the clutch and gear assembly remounted on the
pole and the limit switches installed before the unit can be
tested.

6.3.2.3.2 Magnetic Perturbations from Trim Rods

The dimples in the midplane field created by trim rod
retractions have been measured for the 13 trim rods in quadrant
3 at <B> =3.4 T and as a function of midplane induction for
one 40 mm and one 60 mm rod. Most of the results were obtained
with the field measuring apparatus arm fixed at the azimuth
through the centerline of the particular trim rod being
measured (giving a "radial" profile) but selected azimuthal
scans were also taken. The results differ slightly from what
was expected due mainly to the vestigial incremental magnetic
susceptibility of the steel that is evident even beyond 4 T.
Evidence of this finite susceptibility was observed previously
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in the unexpectedly low second harmonic component in the
midplane field (due mainly to the asymmetric yoke holes) and in
the unexpectedly low first harmonic contribution from the
injection dipole. The differences do not compromise the
ability of the trim rods to isochronize the midplane field.

Figure 6.3.1 shows the normalized dimple shape for
four retractions of # 9 trim rod (40 mm diameter) at <B> =
4.6 T. The increasing width of the dimple with increasing
retraction is as predicted from calculations using the uniform
magnetization approximation. However, the measured peak
amplitude monotonically departs from that calculated and is 8%
lower at maximum retraction.

Figure 6.3.2 shows the peak dimple amplitude as a
function of retraction of the same trim rod for four values of
midplane induction. The 60 mm trim rods behave in a similar
manner. The hill induction exceeds <B> by 1 T, so even for <B>
= 1.2 T the trim rods are beyond the saturation magnetization
of 2.14 )jgl T. One should also note that the minimum operating
<B> is 2.5- T and the variation in response curves for <B>
greater than 2.2 T is less than 5%.

At small retractions, the peak amplitude of the trim
rod dimple increases with decreasing <B>. The greater
susceptibility of the steel at lower <B> diverts more flux to
the surrounding steel, enhancing the dimple amplitude and
simultaneously increasing the induction several rod diameters
away. At large retractions, the dimple amplitude is greater
for larger midplane inductions but the radial extent of the
dimple is less. For the case of maximum retraction shown in
Fig. 6.3.2, the peak amplitude for <B> = 4.6 T exceeds that for
1.2 T by 18%, but the total flux diverted is within 1% as
determined from integrating over the entire dimple. The finite
susceptibility also causes the dimple to depart slightly from
axial symmetry in the direction nearest the azimuthal boundary
of the flutter pole.

Except for the unique response curve of each trim
rod, these perturbations have not been incorporated in the
codes used to calculate the retractions necessary to create a
given isochronous field. The method proposed to create such a
field in actual operation is to start with calculated values
near enough to permit acceleration to extraction with an
acceptable phase slip (< 90°) then fine tune the field by
further adjusting the trim rod retractions using the phase slip
as measured with a phase probe. Calculations and measurements
are under way for the isochronous field necessary for
accelerating I to 10 MeV/u.
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Fig. 6.3.1 Normalized dimple shapes for a 40 mm diameter
trim rod pair showing the width increasing with
increasing retraction.
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Fig. 6.3.2 Peak dimple amplitude for a 40 mm diameter trim
rod pair as a function of retraction for four
values of midplane induction.
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6.3.2.3.3 Field Mapping

The main map library of 48 midplane field maps is
complete. Figure 6.3.3 shows the inner- and outer-coil
excitations used in the 6 x 8 skewed array and lines of
equi-induction. Except for the six mapped points nearest the
5 T line, the excitations are quite different from the initial
library compiled in 1979; the region where the coil lifted from
the midplane bridge has been avoided and the mapped area
extended towards the region of low outer-coil currents and high
inner-coil currents to enclose the excitations required to
accelerate the lighter ions to high specific energies.

The magnet does exhibit hysteresis. The magnet was
excited to <B> = 2.4 T (with the inner-coil current = 850 A and
the outer-coil current = 250 A ) , mapped, then excited to 4.6 T
(1894 A, 1758 A ) , discharged to 2.4 T at the previous coil
currents and remapped. The azimuthally averaged induction in
the second map was greater by 2 mT at inner radii increasing to
2.9 mT near the pole's outer edge. This is approximately an
order of magnitude greater than our reproducibility. In
compiling the map library, each mapping point was approached
from a lower excitation.

The yoke steel is different than it was when the
first map library was taken; all 104 trim rods are now
installed (compared to 24 and unbored flutter poles), shims
have been added to the flutter poles and some steel removed
from the midplane surface at intermediate radii. For a given
excitation, the additional trim rod steel adds an approximately
uniform field difference whereas the flutter pole modifications
increase the field at inner and outer radii and decrease it at
intermediate radii. Figure 6.3.4 shows the azimuthally
averaged induction change, <AB>, for one of the 5 T maps that
has identical currents in the two map libraries.

6.3.2.3.4 Yoke Temperature Effects

The variation in midplane induction as a function of
yoke temperature has been measured in a systematic manner.
When first detected in 1979, only the midplane air temperature
was recorded and a larger effect than expected from the thermal
variation of saturation magnetization was measured. The large
scatter in the results was at least partially caused by the
significant temperature gradients in the yoke which was subject
to the caprice of the local weather. For the measurements
shown in Fig. 6.3.5, the temperature in the cyclotron room was
varied and the entire yoke brought to a uniform temperature for
each measurement. Each point on the four curves is the
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average of five flip-coils (R = 377 to 437 mm) over the 180
azimuthal measurements, corrected for the flip-coils'
temperature coefficients. These five flip-coils were chosen
because there is little radial gradient in the average
induction over that radial range, thus eliminating the need to
correct for the radial variation of flip-coil position caused
by the large temperature coefficient of the perspex rod that
holds the flip coils.

As expected the temperature coefficient of the
midplane induction increases moriotonically with increasing
midplane induction and is summarized in the insert in the upper
corner. The dashed line at 0.26 mT/°C is the expected
asymptotic limit from the published value of 0.37 mT/°C
(H.I. Budnick et al., J. Appl. Phys. 3J2, 1205 (1961)) and the
ratio of yoke contribution to the midplane induction to the
saturation magnetization (PpM = 2.14 tesla). The measured
value at 5 T exceeds this limit by ^10% but is much closer than
the earlier crude result of ^ 0.61 mT/°C. In this experiment,
only the temperature of the yoke (and flip-coils) changed
whereas in the previous experiment, all the field measuring
apparatus and the power supply for the superconducting coils
varied also. The manufacturer's specified temperature
coefficients of this other apparatus is not sufficient to
account for the difference, but no measurements have been made
on our equipment. In the final installation, all this
equipment will be located in temperature controlled rooms, but
this does not make these measurements merely academic. Heating
of the rf structure will affect the temperature of the flutter
poles - the steel having the greatest effect on the midplane
induction. Thermistors will be installed on the flutter poles
to monitor their temperature and predict the resultant change
in midplane induction.

6.3.2.3.5 Fringing Field Measurements

The fringing field will be measured on the midplane
from the outside edge of the pole (the maximum radius of the
midplane field measuring apparatus) to the middle of the yoke
wall through # 2 probe hole and the injection hole. A single
coil will be flipped manually with the computer used for timing
the intervals and computing the field. The apparatus has been
built and assembled, the flip-coil calibrated and the computer
program written and debugged. Measurements are in progress.
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6.3.2.4 Accelerating Structure

C.B. Bigham

Following the failure of the tuners with spring
contacts reported previously (PR-P-129, 6.3.2.3; AECL-7328), a
tuner with spring loaded copper "washer" contacts was developed
and tested in a small "quarter-wave" resonator. The results
were promising and full sized tuners were made for the
accelerating structure and a series of tests run up to the 70
kv level. One tuner failed after a few hours because some of
the contact washers stuck. Reworking the tuners failed to
eliminate the sticking problem and it was concluded that these
tuners would not be reliable so the system has been abandoned.

However, for these tests, a circuit which turned off
the rf power during tuner motion (PODT) had been used and
showed that the frequency power transient could be "tracked" in
a stable manner during turn-on with a constant frequency drive.
The fine tuner used earlier was reinstalled and used in these
tests to reduce the number of tuner motions required.

A clamping type tuner is being drafted but some
development and rebuilding of components will be required
before it is ready. In the meantime the spring contact tuner
is being rebuilt with contacts made from a silver-copper alloy
(Copper Development Association Alloy No. 155) instead of the
beryllium-copper used previously. This alloy is not as strong
but has about four times higher conductivity - almost that of
pure copper. The results of bench test comparisons at 60 Hz
are shown in Fig. 6.3.6. The Alloy 155 contact went to the 100
A limit of the apparatus but Alloy 172 goes non-linear above
about 40 A because of heating. Even 40 A is well above the
equivalent rf operating point at about 12 A and the failure of
these contacts at lower levels is still not understood. It may
have been caused by tuning under power so the PODT circuit will
be used to eliminate that possibility. The beryllium- copper
contacts reached 70 kV or half nominal full power so that if
the limit is related to conductivity, the factor of four
improvement should provide a good chance of reaching the
required 100 kV.

Two additional electron guns for x-ray calibration
measurements have been installed, one near the centre and one
near the tip of the dee. The object is to obtain some measure
of the radial variation in dee voltage. The tuner failed
before the x-ray spectrometer could be set up during the last
tests.



- 130 -

200

CO

o
o

C9

150 OPERATING
POINT

100

50

ALLOY 155

50

CURRENT (A)

100

Fig. 6.3.6 V-I (60 Hz) curves for Alloy 172 (Be-Cu) and
Alloy 155 (Ag-Cu) finger contacts each loaded to
about 100 g. Tha apparatus was limited to about
100 A.



- 131 -

Sample-and-hold circuits have been added to monitor
PA voltages, currents and rf power levels during pulsed
operation. With these parameters available to the CAMAC system
it should be possible to optimize the tuners in the pulsed mode
which will ease the start-up procedures.

6.3.2.5 Injection

6.3.2.5.1 Foil Changer

C.R. Hoffmann

Detailed mechanical design of the foil changer system
is complete. A test jig has been devised and detailed to test
the major components before installation.

6.3.2.6 Extraction

C.R. Hoffmann

Fabrication of a winding support structure and load
assembly is complete to test small superconducting coils in the
short-sample cryostat and magnet (see PR-P-105; AECL-5121).
These coils will model superconducting windings of extraction
system magnetic elements. The cryostat and magnet have been
recommissioned and a model coil has been prepared. This coil
consists of a single 35-turn layer wound on a stainless steel
bobbin having a racetrack shaped cross section. The ends of
the racetrack have a 4.5 mm radius and the straight sides are
118 mm long. The superconductor is 0.5 mm diameter Nb3Sn
in a bronze matrix. Windings in the layer are in turn-to-turn
contact for coil protection. Fiberglass tape insulates the
windings from the bobbin and stainless steel outer support
structure. After reaction in vacuum at 700°C for 24 hours the
windings are potted and the whole assembly (windings and outer
support structure) are wrapped in aluminum wire which tightens
the stainless steel about the coils at cryogenic temperatures.
This coil achieved 320 A in a 3.7 T field, but showed evidence
of motion of coil leads which caused quenching. A two layer
coil is being prepared with particular attention being given to
potting the leads. These coils model windings which will
generate radial focusing grdients.

Calculations are underway to demonstrate that the
magnetic channel elements may be subdivided into several linear
modules. Such modules would be easier to construct and each
module could be tested to full field in the short sample
cryostat and magnet before installation into the cyclotron
cryostat.
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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 - 95.01%
Reactor Physics Branch - 4.99%

6.4.1 High Current Proton Accelerator

A low power 500 MHz aluminum radiofrequency
quadrupole (RFQ) model was manufactured. This model is about
0.75 m long and has replaceable vanes and tuning bars as well
as multiple apertures for probes. It is being used to
determine mode frequencies, Q, and fields for various vane
sizes and tuning methods.

Eight pieces of 2.5 cm thick impact bonded stainless
steel-aluminum sheet (each fcl.25 cm thick) were obtained from
Limpact Industries, Cobourg, Ontario, to test the possibility
of using conflat flanges on aluminum beam tubes. The bond was
leak-tight after machining and the drilling of bolt holes, but
leaked after the aluminum side had been welded to the aluminum
beam tube. There were signs of the bond giving way.

Modifications were made to a plasma aperture plate
for an ion source and to twelve tuning stubs for an aluminum
model Alvarez tank.

A dual sampling loop was fabricated for the Alvarez
accelerator. Tooling and modification material was fabricated
for testing an improved version of the drift tube stem
penetration of the tank wall. This arrangement was installed on
drift tube 24.

Repairs were made to several flow switches on the
injector motor-generator, a vacuum valve on a portable vacuum
system and to a varistor resistor assembly for the modular dc
power supplies.

Components built or modified for the microprocessor-
controlled bead puller project included: front and back panels
for the electronic chassis, component mounting brackets within
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the chassis, a sliding shelf, a power supply mounting panel and
four pulley assemblies.

Brazing tests continue to determine suitable alloys
for fabricating copper accelerator structures.

Electron beam welding tests were undertaken to
determine if a combination braze/weld joint would be suitable
for Alvarez tank drift tubes containing permanent magnets.

6.2.4 Electron Test Accelerator

A hybrid accelerating structure consisting of two
on-axis coupled segments and two coaxial segments was machined
from aluminum bar for low power tests at 1.35 GHz. Interactive
machining of two 3 GHz coaxial cavities was carried out for
tests of first neighbour coupling.

Two water-cooled vacuum chambers were manufactured
for the dipoles which form part of the 90° bend under
construction. One vacuum chamber was made from copper and
considerable difficulty was experienced during brazing of the
stainless steel flanges in the large vacuum furnace in Bldg.
429. The third brazing attempt was successful. The second
chamber of stainless steel welded construction was vacuum
tight. Cuffs and conflat flanges for the large bellows which
are used in the new beam line were fabricated and welded to the
bellows.

Completion of construction of the Model 5 tank was
achieved with final hook-up of the vacuum manifold and
modifications to four field probes allowing low power testing
under vacuum to begin.

Modifications were made to the existing high power
phase shifter for tests of a new impedance matching system.

6.4.3 Heavy-Ion Superconducting Cyclotron

Components were made for a series of sliding-short
tuner tests, first in the quarter-wave test resonator, and then
full scale in the superconducting cyclotron rf structure. The
system was abandoned when sticking of contacts could not be
eliminated. Replacement parts and modifications were also made
for the vacuum seals and motor drives for the tuners.

A coil former mechanical support structure, and
loading jig were made for testing small superconducting coils
in the short sample cryo'stat and magnet.
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Positioning pieces were made to locate the foil
changer transport chain and stripper foil in a dee of the
cyclotron.

New micrometer readouts for measuring the position of
the upper pole were fabricated and installed and components for
the trim rod motor drive and clutch assembly were fabricated.

6.4.4 Reactor Physics

Components for ZED-2/NRU-Fast Neutron rods were
manufactured for experiments in the ZED-2 reactor and four
shut-off rods were repaired.

A special punch and die for thorium foils was
fabricated and tested.
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A HIGH-CURRENT FOUR-BEAM XENON ION SOURCE FOR HEAVY-ION FUSION
Murray R. Shubaly and R.W. Hamm
IEEE Trans. Nucl. Sci., NS-28, No. 2, 1316 (April 1981).

INITIAL OPERATION OF A 100% DUTY FACTOR 3 MeV ALVAREZ LINAC
J. Ungrin, J.C. Brown, B.G Chidley, G.E. McMichael and
S.O. Schriber
IEEE Trans. Nucl. Sci., NS-28, No. 3, 3495 (June 1981).
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OVERVIEW OF SUPERCONDUCTING CYCLOTRON PROJECTS
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S.O. Schriber
ibid., 3440.
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M.R. Shubaly, R.A. Judd and R.W. Hamm
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STORAGE RINGS
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ACCELERATOR BREEDER APPLICATIONS
J.S. Fraser
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Adaptive Nuclear Energy Evolutions: Towards a World of Neutron
Abundance, Laxenburg, Austria, 1981 May 25-27.

NEW COUPLING MECHANISM FOR CAVITIES IN RECIRCULATING ELECTRON
ACCELERATORS
J.-P. Labrie and J. McKeown
Paper presented at the CAP Annual Congress, Halifax, N.S.,
1981 June 15-19.

ACCELERATOR DEVELOPMENT WORK AT CRNL (in the context of high
current accelerators)
B.G. Chidley
ICANS Conference, KfK Karlsruhe, West Germany, 1981 June 26.

Lectures

HIGH CURRENT PROTON ACCELERATION
S.O. Schriber
Seminar presented at AECL, Radiochemical Company, New Products
Group Seminar, South March, Ontario, 1981 May 08.

RECENT ADVANCES IN ELECTRON SOURCES
J. McKeown
Lecture presented at the Workshop on Instrumentation for
Experiments with CW Electron Accelerators up to 1 GeV, NRC,
Ottawa, Ontario, 1981 May 11-12.
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