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SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

Accelerator availability remained excep-
tionally high and unscheduled shutdowns achieved a
record low during the quarter.

Experiments running 1413.3 hours 68.2%
Scheduled shutdowns 489.4 hours 23.1%
Unscheduled shutdowns 179.2 hours 8.7%

2071.9 hours 100.0%

One major cause of scheduled shutdowns has
been the requirement to enter the tank to replace
failed carbon stripper foils. An important advance
made during the quarter was to master a technique for
making foils with lifetimes about 30 times longer than
previously possible.

The possibility of major improvements in the
optics and associated beam alignment of the present
injector-Tandem configuration have come to light in
calculations using beam optics expertise acquired
during design of the superconducting cyclotron beam
transport system. The improvements will greatly improve
beam quality and reduce the time to align and focus the
beam delivered to a target. It is also found that the
planned modifications to the accelerator tubes to allow
acceleration of the beam in either direction through
the Tandem (required during cyclotron commissioning)
will not degrade this improved performance. Changes to
the system to test these concepts are under way.

Sixteen experiments were performed during the
quarter. Twelve visiting scientists used the accelerator;
they were involved in experiments occupying 49% of the
beam time and in those experiments their participation
averaged 38%.
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Tests to optimize performance of the new
isotope separator off-line have demonstrated superb
characteristics, for example a resolution surpassing
specifications by more than a factor of four is obtained.

,n Lifetimes of certain analogue levels in Si
and P have been determined by the Doppler shift
attenuation method. From the results information can
be extracted that is useful for interpretation of pion
inelastic scattering experiments.

Studies of "inverse" reactions using 595 MeV
Xe ions bombarding Mg targets have led to information

on intrinsic quadrupole moments of levels up to spin
22 . This is part of a collaborative program on the
Berkeley SuperHilac.

The quadrupole interactions of isomeric
states in even isotopes of lead are being studied by
quadrupole modulation in a Hg host using (a,2n) reactions
in Hg isotopes to populate.the states. Data on quadrupole
moments in 12 states in Pb and 20°Pb are reported.

Quadrupole interactions for excited nuclei
recoiling into non cubic crystal lattices can be enhanced
by orienting the single crystals at prescribed angles
to the beam direction. The method is being developed
for study of quadrupole interactions in very high spin
isomers. Results will shed light on the magnitude of
deformation and details of nucléon motion in nuclei at
very high spin.

The external thermal neutron beam facility at
NRU reactor has been fitted with a much more powerful
computer system permitting rapid on-line data analysis.
The facility is being used to measure weak (n,y) and
(n,p) thermal neutron cross sections.

A new formalism for describing the interaction
between two nucléons in terms of the "colour" (analogous
to electric charge in electromagnetic interaction) of
their constituent quarks is being attempted. The
theory leans heavily on group-theoretical methods used
in low-energy nuclear physics calculations and initial
results look very promising.
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1.2 Accelerator and Applied Physics

Research Applications

a) Fast Intense Neutron Source

Beam instabilities giving rise to defocussing
are encountered and seem dependent in a not easily
predicted way on details of column geometry and
voltages. Computer codes capable of handling
electrostatic problems near insulators of complicated
shape are being used in investigating this behaviour.

b) Superconducting Cyclotron

Steady progress was made in machine development
during the quarter; no technical difficulty is
foreseen in meeting future milestones.

- The magnet has been reassembled and the
measured boil-off of ^17 £/h with the helium
can full of liquid is in good agreement with
the calculated value. The liquéfier has
sufficient capacity to keep the cryostat full
and produce an excess of ^6 Sl/h.

Centering adjustments are being made at low
excitations in preparation for magnet runup
to full current.

- A motor driven trim rod has been installed
for testing under high field conditions.

The rf finger contacts are not behaving as
well as expected and modifications are being
tested.

Detailed calculations are underway on compensa-
tion for the magnetic extraction elements.

The control computer system is being used for
automatic magnet field mapping.

Nuclear Power Applications

a) Injector Test Experiment

All of the major components except the high
voltage power supply have been obtained for
construction of a pre-accelerator suitable for
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spallation breeder applications. Delays in installa-
tion of services have necessitated rescheduling
the date for completion of this facility to the
end of the next quarter.

b) Ion Source Development

Stable operation of a multi-aperture duoPIGatron
ion source at 0.5 A mixed beam has been attained.

c) High Current Test Facility

Commissioning of the Alvarez accelerator is
proceeding. Satisfactory performance of the high
power rf amplifier into a dummy load has been
demonstrated.

d) Electron Test Accelerator

- The effects of temperature gradients and
tuner movement on the side-coupled structures
were studied in detail.

The pancake-coupled structure drawings are
well advanced and rough machining is about
70% complete.

A simple beam-cavity interaction theory has
been tested with the bimodal beam position
monitor and fully automated start-up of both
accelerator structures is now fully operational.

e) Fertile-to-Fissile Conversion Experiments at TRIUMF

' The major effort this quarter was expended
toward obtaining final results from the water bath
measurements. À variety of gold foils, previously
irradiated and counted at LASL, were used in the
counter calibration experiments. A systematic
analysis of the conversion data in hand has been
initiated.

f) Fusion Studies

233Neutronic evaluations of the U breeding
potential of DT fusion reactors with thorium
blankets are underway. The systems studied have
spherical and cylindrical symmetry, and effects of
fertile fuel composition, different coolants, and
neutron multipliers are considered.
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1.3 Solid State Physics

The dependency of the vacancy formation energy in
3'-brass on the long-range order has been studied by
positron annihilation methods; the observations are
consistent with a configurational cluster model.

Several branches of the normal mode dispersion
relation in deuterated ct-glycine (an amino-acid in
protein) have been measured by neutron scattering
methods, and a dynamical model is being developed to
explain these results.

Previous studies of actinide magnetism have been
extended by measurements and theoretical analysis of
collective magnetic^excitation in UPd,. The data are
consistent with a U + ionic configuration, coupled with
extensive anti-shielding effects of neighbouring ions.

1.4 Applied Mathematics and Computation

An analysis of the reliability of twelve integration
algorithms with forty-two test sets of equations has

. been completed, and the most satisfactory algorithms
incorporated in the subroutine library and the FORSIM
simulation package. Projects utilizing FORSIM, or
special variants thereof, included models for estimating

/ total doses in various body organs from ingested radioactive
/ material, for describing corrosion phenomena in steam

generators, and for determining the separation of
liquid and gas due to change in direction in two-phase
flow in a large-radius elbow.

New approximations have been developed for linear
combinations of the Bessel functions Kj(x), K2(x) and
K-j (x) , and- improvements made to the. rational minimax
approximations for the sine and cosine integrals. The
feasibility of a practical rational product approximation
for Sievert's integral is being investigated.

A major revision of the mathematical subroutine
library was completed during the quarter, and a greatly
expanded and improved reference manual published. Work
continued on the device-independent graphics system.
This system was selected as the method for supporting
the Houston Instrument plotter recently installed on
the Engineering Company's Harris terminal at Meadowvale;
the post-processor which generates the Harris-Houston
plot file from the device-independent file has been
written and is now being tested.
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Modifications have been made to the communications
sub-system to permit the sharing of a number of ports
by a greater number of dedicated-line remote job entry
terminals by use of the Gandalf PACX switching system.

Computer usage during the quarter was as follows:

Percentage of Percentage of
Number of Jobs Total Utilization

Commercial Products 0.00 0.00
Heavy Water Projects 0.59 0.36
Power Projects 19.67 36.63
Whiteshell 2.21 3.04

CRNL:

Computing Centre 32.91 11.17
Contracts 3.33 3.36
Technical Information & _ ,..
University Relations 'b • U J 0

Office of Vice-President 0.00 0.00
Biology and Health Physics 2.07 0.93
Chemistry & Materials 2.73 2.53
Physics 4.35 6.55
Electronics, Instrument , ,,.
and Control ' D '*/y

Advanced Projects and „ _. „ .
Reactor Physics ' b > b 4

Fuels and Materials
Administration
Medical
Finance
Operations
Maintenance" and

Construction
General Services
Plant Design
Special Projects
Others

11.17
0.41
0.38
3.13
2.66

0.00

0.06
0.41
1.48
0.00

10.40
0.08
0.13
2.98
2.14

0.00

0.02
0.33
1.72
0.00
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Nuclear Physics Branch

J.C.D. Milton
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Branch Head: J.C.D. Milton

Professional Staff

SECTION I

J.C.D. Milton

Technical Staff

Accelerator Group

H.R.
T.K.
G.C.
W.G.
A.J.
J.S.
E.G.
J.C.
0.
R.

A.B.
P.
D.

Andrews
Alexander
Ball
Davies
Ferguson
Forster (1)
Hagberg (2)
Hardy
Hausser
Kirchner (3)
McDonald
Taras (4)
Ward

SECTION II

R.L.
J.S.

Graham
Geiger

SECTION III Re

J.S. Merritt

Computer Control Group

Radioisotope Standardization
Group

J.S.
N.C.
R.L.
L.H.
J.L.
J.J.
R.E.
A.S.
J.P.
W.L.
F.J.
R.A.
E.C.
D. J.
J.S.

R.B.

Barsczewski
Bray
Brown
Bucholtz
Gallant
Hill
Howard

C. Hyde
D. O'Dacre
Perry
Sharp
Surette
Waito
Yaraskavitch
Wills (5)

Walker

F.H. Gibson (6)
L.V. Smith a)
A.R. Rutledge b)

Students

E.T.H. Clifford (7)
M.A. Conrad (8)
K.A. Nickerson (9)

Laboratory Services and Workshop

M. Desrochers

Secretarial Staff

J.R.H. Bowes
R.J. Elliott

a) also has responsibilities in Sec. I and II
b) " " " " Sec. I
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(1) On leave of absence at University of Aarhus, Denmark

(2) Postdoctoral Fellow

(3) Visiting scientist from GSI, Darmstadt, W. Germany

(4) Visiting professor from University de Montréal

(5) Joined Branch 1979 January 10

(6) Resigned 1979 January 3

(7) Graduate student attached from the University of Toronto

(8) Waterloo student attached from the University of Toronto,
arrived 1979 January 3.

(9) Student from University of Waterloo, arrived 19 79 January 4,
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2.2 Quasi-Free Inelastic Scattering in the Reactions
6'7Li(6Li,ad)6'7Li* and 6/7Li(7Li,at)6'7Li*

G.C. Ball, R.E. Warner (Oberlin College), W.G. Davies and
A.J. Ferguson

In a previous search for the double spectator pole

process in the reaction Li( Li,dda)a (PR-P-117: 2.2;

AECL-6177) a new reaction mechanism, quasi-free inelastic

scattering (QFIS), was observed. As a result, a systematic

study of this process has been carried out for the reactions
6'7Li(6Li,ad)6'7Li* and 6'7Li(7Li,at)6f7Li*. Beams of 45 MeV

' Li were used to bombard •XJ 0.5 mg/cm ' Li targets.

Spectator deuterons (tritons) from the projectile were

detected in a AE-E counter telescope located at 0, = 0
6 7

with a tantalum absorber to stop the ' Li beam. A second

(9,) moveable AE-E telescope was used to detect coincident
6 7

alpha and ' Li ions. Spectra were obtained at from four

to nine different geometries (9, = 0° - 7°, 6_ = 20° - 45°)

for each target projectile combination; QFIS of the first

and second excited states of Li( Li) was observed at several

geometries. Further analysis of these data in progress.

21
2.3 Parity Mixing in Ne

A.B. McDonald with E.D. Earle (Neutron & Solid State Physics
Branch) and K.A. Snover, R. Von Lintig, E.G. Adelberger,
H.E. Swanson and T.A. Trainor (University of Washington,
Seattle)

As an extension of our previous measurements of

parity mixing in 21Ne (PR-P-118: 2.3, PR-P-120: AECL-6216

and K.A. Snover et al, Phys. Rev. Lett. 41 (1978) 145) we

have attempted to measure polarization transfer to the

2.789 MeV, J17 = l/2~ level of 21Ne via the 21Ne (p,p' ) 21Ne

reaction. If sufficient polarization transfer could be

achieved, the positive parity admixture in this level could
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be measured by observing the asymmetry in gamma-ray emission

relative to the direction of polarization of the state.

This approach might be more sensitive than our previous

attempts to measure the circular polarization of gamma rays

emitted from the 2.789 keV level in an unpolarized state.

To determine this polarization transfer we popu-

lated the 2.789 MeV level with a polarized 4.08 MeV proton

beam from the University of Washington FN tandem. It was

previously determined (PR-P-116: 2.5, AECL-608 3) that the

2.789 MeV level is preferentially populated at this incident

energy. The circular polarization of the 2.438 MeV gamma

rays to the 351 keV J71 = 5/2 level was measured with the

pair of gamma-ray polarimeters used in our previous measure-

ments. Since the E3/M2 ratio for this transition has been

accurately measured (D.J. Millener et al, Phys. Rev. C18

(1978) 1878), a measurement of the circular polarization

uniquely determines the polarization of the 2.789 MeV level.

Our results indicate that the polarization transfer to the

2.789 MeV level is less than 5%, too small for this technique

to be competitive with our original method of measuring

gamma-ray circular polarization from an unpolarized initial

state.

2.4 Angular Distribution and Total Cross Sections for Fission

Induced by C and 0 Bombardment of Tungsten

J.U. Andersen (Aarhus University), J.S. Forster, E. Laesgaard
(Aarhus University), I.V. Mitchell (Solid State Science
Branch) and D. Ward

Improved statistical model calculations of lifetime

distributions for heavy-ion induced fission (A.S. Jensen,

private communication) have indicated that accurate angular
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distribution and fission cross-section data can provide strong

restrictions on the parameters in the calculations, parameters

such as fission barrier de formations, barrier heights, and

angular momentum distributions. In order to aid these calcula-

tions we have made angular distribution and total cross-

section measurements for fission induced by C and 0

bombardment of the four isotopes of tungsten ( ' ' ' W) in

the energy regions 78-87 MeV( C) and 78-108 MeV( 0). Data

analysis is in progress.

2.5 High Velocity DSAM Lifetime Measurements in Si and P

T.K. Alexander, G.C. Ball, W.G. Davies and I.V. Mitchell
(Solid State Science Branch)

Bernstein et al (Phys. Rev. Lett. 4_2 (1979) 425)

have pointed out that measurements of the transition

probabilities of analogue transitions can be used to deduce

neutron and proton matrix elements, M and M , that are

useful in the interpretation of (TT,TT * ) experiments. We

are investigating the possibilities of improving the accuracy

of the lifetimes of the appropriate levels. A preliminary

survey using ^He and 3He-implanted targets in conjunction

with heavy ion beams to study analogue triplets for mass 30,

34 and 42 has been carried out. The reaction yields from

the He targets are lew and indicate that the measurements

will not be easy for mass 34 and 42. However, data for
30Si and 30i (see PR-P-120: 2.14, AECL-6452) were obtained

and the results have been analyzed. The lifetime of the

2235 keV level in 30Si is found to be T = 363 ± 28 fs and

that of the 2938 keV analogue level in 3 0P, 90 + 12 fs. These

results give M /M = 1.21 ± 0.17 compared to 1.44 ± 0.14

deduced from a comparison of mirror transitions in Si and

S (see Bernstein et al, loc. cit.). This agreement may

be fortuitous since the lifetime value for S (x = 185 ± 35 fs)

is an average of three low velocity DSAM measurements which
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vary by more than a factor of two. Substantial modifications

to our experimental apparatus are being made to study these

low cross section reactions; an increased sensitivity of

approximately ten is expected.

2.6 Interpretation of the Velocity Dependence of Low Energy

Stopping Powers

H.R. Andrews, D. Ward, with W.N. Lennard and I.V. Mitchell
(Solid State Science Branch)

As discussed previously (PR-P-120: 2.22, AECL-6452)

our stopping power data are linear with velocity at low

energies but with a non-zero intercept on the velocity axis.

This is similar to the results of Brown and Moak (Phys. Rev.

B6, (1972) 90 for Br, I and U ions. The Brown and Moak

data have been examined by Yarlegadda et al (Phys. Rev. B17

(1978) 3473) and by Brice (App. Phys. Lett. 2_9 (1976) 10).

The former authors use the standard concept of effective

charge to fit the Br, I and U data. Brice uses a three

parameter model based on an improved Firsov (Sov. Phys. JETP

36, (1959) 1076)calculation. Preliminary results from a

comparison of the two theories with the present data suggest

that the Firsov-type calculation is in better agreement

but since the three parameters enter the Brice theory in

a complicated non-linear way, non-linear least squares

fitting over a range of stopping powers at both low and high

velocity is required to assess accurately the adequacy of

the theory and the manner in which the Z, and Z? oscillation

effects are reflected in the values of the three parameters.

Such calculations are in progress.
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2.7 Lifetimes for High Spin States in Dy Following the Inverse

Reaction Mg(136Xe,4n)156Dy at 595 MeV

D. Ward, H.R. Andrews, 0. Hausser, with Y. El Masri,
M.M. Aleonard, P.A. Butler, I. Yang Lee, R.M. Diamond
and F.S. Stephens (Lawrence Berkeley Laboratory)

Analysis of the experiment described in PRP-115,

2.9: AECL-5966 has been completed. Values for the intrinsic

quadrupole moments, Q , were derived to spin 22+. We

conclude that (i) centrifugal stretching deduced1 from the

ground-band data limits at, or below, spin 12 where the

Q -value was comparable to that of the ground state in well

deformed neighbouring nuclei, and that (ii) despite the very

high effective moment of inertia for the 14 -+ 12 transition

in the aligned band, 2 t̂ /Ji = 150 MeV , the QQ-value shows

that its deformation is comparable with typical values for

the ground-state band in this mass region.

Decay curves of levels for the highest spins

observed have been interpreted as characteristic of a single

rotational-like cascade, and an average Q -value was

deduced. The data are summarized in Table 2.7.1.
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Transition

22

20

18

16

14

14

10

8

6

4
2

-* 20

-> 18

->• 1 6

->• 1 4

•*• 12

-»• 1 2

•* 8

-»• 6

•*• 4

-v 2

-> 0

E Y

(kev)

684

680.7

655.1
635.7
601.6

359.0
509.1
405.3

366.2

266.5
137.8

Table 2. . 7 . 1

Band .
Assignment

a

g

g

g

g '
a

g

g

g
g

g

6.57

7.61

5.51

7 .8

7.39
6.59

5.82
6.75
6.05

barons

iO^1"1"

± 0 . 3 5 + t t

± 0 . 5 5

± 0 . 7

+ 0 . 2 3

± 0 . 2 1
± 0 .21

± 0 . 3

± 0 . ] 0 + + + +

t a is the aligned band, g the ground band

ft Average value in the spin region 22 <_ J < 30 ft

ttt Average in the spin region 16 ± J <_ 26 -ft

tttt R.M. Ronningen et al, Phys. Rev. 16Ç (1977) 2218

2.8 Study of the Gamma-Ray Continuum in Prolate and Oblate

Rare-Earth Nuclei

W. Trautmann (University of Munich), J.F. Sharpey-Schafer
(Oliver Lodge Laboratory, Liverpool), H.R. Andrews,
B. Haas (Centre de Recherches Nucléaires, Strasbourg),
O. Hausser, P. Taras and D. Ward

The analysis of the linear polarization experiment

(PR-P-120: 2.19, AECL-6452) has been continued. In particular,

the contributions of discrete y transitions were subtracted

from the measured data. This was possible since the response
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of the three-Ge(Li) Compton-polarimeter to monoenergetic

Y rays (line shape) had been accurately measured. The

line shapes, which consist of a narrow photopeak (FWHM< 4 kev)

and a flat tail, rather structureless below the pair

production threshold, were parameterized and used to unfold

the measured spectra and to determine the total intensities

of discrete lines.

The spectra obtained and the linear polarization of

the Y~raY continuum are given in figure 2.8.1. For Dy it

is indicated which minimum delay was required between the

observed prompt and delayed coincident radiation. Choosing

30 ns reduced the number of discrete lines in jthe prompt

spectra such that nearly all were transitions ;pf known type

in 151Dy or 152Dy. Î

In the case of prolate ~ Er, the well known

collective E2 component is seen in the spectrum and in the

polarization P = 0.35 for E < 1.2 MeV. In oblate 1 5 1 f l 5 2Dy

a rather different result is obtained for E < 1 MeV.

Neither Ml nor E2 collective bands are strong enough to be

identified in the polarization data, and the spectra barely

exceed the intensities corresponding to an extrapolation of

the exponential tail to lower energies. This seems to

suggest a mostly statistical decay, including stretched and

non-stretched transitions of various type which add up to

give essentially zero polarization. At energies around

1.2 MeV, however, evidence for an additional component of

stretched E2 transitions is given by the positive P and by

a positive Legendre coefficient A- - 0.15 which was determined

in an angular distribution measurement using a 12.7 cm x 15.2 cm

Nal detector. The similarity, which is also seen in the spectra,

to the erbium nuclei in this energy region may suggest

collective rotation indicating a possible shape change at

high spins and excitations.
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0.5 1.0 1.5 2.0 2.5 3.0 3.5
EY(MeV)

Fig. 2.8.1; Intensity and linear polarization P (insert)

of the Y~raY continuum after subtraction of contributions

from discrete lines. For Dy the delay required between the

recorded prompt and delayed y-radiation is indicated.

2.9 Quadrupole Moments of the 12+ States in 206Pb and 200Pb

O. Hausser, H.R. Andrews, T.K. Alexander, D. Ward and P. Taras
with H.E. Mahnke, E. Dafni and G.D. Sprouse (SUNY, Stony
Brook, New York)

We have used Hg as a host to measure the quadrupole

interaction of several isomeric states in206'204'200Pb,

among them the 12+ (i 1 3 / 2)~
2 states of 2 0 6 ' 2 0 ° P b . These

states were populated and aligned in the ~ Hg(a,2n)APb

reaction by using a pulsed 3 3 MeV a-beam from the tandem

accelerator at the Chalk River Nuclear Laboratories. The

targets made out of the enriched Hg isotopes were prepared

by placing a drop of liquid Hg into a small shallow depression

on a copper plate which was then mounted on a Joule-Thomson

cryo-tip and cooled below the melting point of Hg.
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The quadrupole modulation was measured by the standard

perturbed angular distribution method (PAD). Time spectra

of the different Y~raYs were observed with Ge(Li) detectors

placed at 0° and 90° with respect to the beam direction.

Three y~transitions could be employed to observe the

quadrupole modulation in Pb, the 12 -»• 9 E3 transition

(E = 1369 keV) , the 10+ •> 9~ El transition (E = 1299 keV)
Y _ _ Y 000

and the 9 ->• 7 E2 transition (E = 458 keV) while in Pb
Y + _

the only suitable transition was the 10 •> 9 El transition

(E = 777 MeV). Within the error all three modulation spectra
Y 2

yield the same quadrupole coupling constant of e Qq/h = 184.5

(47) MHz for the 12+ state in 2 0 6Pb. For the 12+ state

in 200Pb we obtained e2Qq/h = 319.2 (35) MHz yielding a ratio

of the quadrupole moments of the two Pb isotopes of

|Q(2OOPb,12+)/Q(2O6Pb,12+)| = 1.73(5).

Although the understanding of electric field grad-

ients in metals, especially in sp-metals, has recently

improved considerably, it is not yet good enough to deduce

reliable quadrupole moments from the measured coupling

constant. However, from the extensive studies, both experi-

mental and theoretical, on single particle levels and effective

charges in the lead region by the Stockholm group (e.g.

G. Astner et al, Nucl. Phys. A182 (1972) 219) it can be con-

cluded that the isomeric 12+ and the 10+ states in Pb are
_2

rather pure members of the (i,,,,) multiplet. Therefore,

the quadrupole moment of the 12 state can be derived from

the known B(E2) value of the 12 ->• 10 transition by using

angular momentum algebra, |eQ(12+)| = 10 . 38 • [B (E2 ,12+ •+ 10+)]1//2,

which yields |Q(206Pb,12+)| = 51(2) fm2. (The error reflects

only the experimental error of the B(E2) value). This value

can now be used for calibrating the electric field gradient

of Pb in Hg.

Table 1 gives a summary of the data for the 12 states

in ' Pb. The B(E2) values quoted are based on the more

accurate data on the half-lives obtained in this experiment.
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Table 2.9.1

Summary of the Electromagnetic Properties of

the 12+ ( i 1 3 / 2 ) "
2 States in 2 0 6Pb and 2 0 0Pb

Nucleus

206
Pb

200Pb

Tl/2
[ns]

198(6)

194(6)

-1.

-1.

V
[UN]

860(48)c)

884(72)c)

B(E2,12+ -• 104

[e2fm4]

24.1(14)

57(6)b)

") |Q|

51(2)a)

88(4)

^Calculated from the B(E2,12+ -> 1C+) value, used as
calibration.

A transition energy of 40 keV was assumed.

Tables of Isotopes (ed. CM. Lederer and V.S. Shirley),
Appendix VII, Wiley; New York, 1978.

Assuming that the relationship between the quadrupole

moment and the B(E2) value still holds one calculates a

quadrupole moment for 2 0 0Pb from the transition rate of

]Qcal( Pb,12+)| = 78(4) fm2, in close agreement with the

value derived from the experimental ratio. This indicates

that the 12 and the 10 state are influenced in a similar

way. The increase in both the guadrupole moment and the

B(E2) value might be understood in terms of an increasing

contribution from proton excitations. Whether such an

interpretation is justified will be further tested by measuring

the quadrupole moment of the 12 + states in neighbouring Pb

isotopes.
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2.10 Static Quadrupole Moments of High Spin Isonters in Gd Isotopes

0. Hausser, H.R. Andrews, T.K. Alexander, P. Taras, D. Ward,
M. Swanson (Solid State Science Branch) and H.E. Mahnke,
E. Dafni and G.D. Sprouse (SUNY, Stony Brook)

The detailed structure and, particularly, the

deformation of high spin yrast isomers (I > 14) in the

N ^ 82 region is of high current interest. Measurements of

static quadrupole moments that make use of internal

fields in lattices of non-cr.bic symmetry should allow a

rigorous determination of this deformation. In a previous

study of g-factors in Gd isotopes (see PR-P-120: 2.16 and

2.18, AECL-6452) it was found that a) the relaxation

times for Gd in molten Sn scaled as g , suggesting that

fluctuating paramagnetic hyperfine fields are the source

of the relaxation mechanism; and b) the relaxation times

became abruptly shorter below the melting point, suggesting

additional quadrupole interactions in tetragonal Sn.

We have now implanted various Gd isomers into Sn

single crystals oriented at 45° and 0° to the beam and,

in one case, also into polycrystalline Sn. The Sn hosts

were at elevated temperatures of 17t)°C. The observed

time-differential patterns cannot be interpreted as resulting

from pure static quadrupole interactions (SQI); they appear

to be very similar for the 45 orientation (where the SQI

effects are maximized), for the 0 orientation (where the

SQI effects are switched off) and for the polycrystalline

case. X-ray photographs taken after the experiment con-

firmed the orientation and single crystal nature of the Sn

host. The observations indicate that Gd either goes interstit-

ially into the Sn lattice, or that the electric field gradient

(EFG) is caused by nearby defects. The relaxation times of

Table 2.10.1 were obtained under the assumption of an exponen-

tial decay of the alignment, i.e. a2(t) = a2exp(-t/T2). Future

detailed analysis will combine the ingredients of paramagnetic

relaxation with the effects of a) a distribution of static
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EFG's, and b) of fluctuating EFG's. General considerations

of how relaxation times scale with spin and quadrupole

moments in the various relaxation models lead to the

preliminary conclusion that |Q(49/2, Gd)| is at least a

factor of 2 to 3 larger than |Q(27/2~, Gd) |, leaving room

for the speculation that the deformation may increase with

spin more strongly than predicted by the spherical shell

model. Attempts to substitute Gd in more appropriate

non-cubic hosts are planned.

Table

Relaxation Times T~

Nucleus

144Gd

147Gd

10+

27/2"

(49/2+

g

l.

0.

0.

2.10

for

28

85

45

.1

Gd Isomers in

a)
QSM

-0.

-0.

-0.

(eb)

.55

.67

.70

Sn

T 2(ns)

21 + 2

57 + 5

38±5

The calculations assume the structure of the
isomer.= as given in PR-P-120: 2.16; AECL-6452.
The -^ ̂ Gd values depend on the unknown effective
charge of the neutrons, assumed to be 0.5.

2.11 Temperature Dependence of the EFG for Pb(4 ) in Hg

H.E. Mahnke, E. Dafni, G.D. Sprouse (SUNY, Stony Brook)
and O. Hausser, T.K. Alexander, H.R. Andres, P. Taras
and D. Ward

The temperature dependence of the electric field

gradient (TDEFG) acting on a probe nucleus in a non-transitional
3/2

metal is empirically found to obey a simple T relationship.

This relationship is valid from a few degrees K up to the

melting point for pure systems or impurity systems in

different non-cubic lattices. Recently it was observed

(Mahnke et al., to be published) that the TDEFG is related
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to the inverse of the 'spring constant' of the lattice
2

(M9D, where 0 is the Debye temperature of the lattice).

In this picture the vibrations of the screened ions are the

source of the TDEFG.

We have studied the TDEFG for 204Pb(4+) in solid

Hg, to compare with a previous study of the EFG for CdHg

(loc. cit.)- The 260 ns 4 + isomer in Pb was populated

and aligned by the Hg(a,2n) reaction at 25 MeV.

The temperature of the Hg was varied between 82 and 202 K

by means of a Joule-Thomson device employing pure N_ gas.

The quadrupole interaction frequencies, vn = eQV /h, are

shown in Table 2.11.1. They are extremely well fitted by

v_(T) = v_(O)(1 - BT3/2) with v (0) = 224.5 + 1.0 MHz and
^ y _5 --i/o **

B = (7.6 + 0.2)10 K ' . The temperature dependence is

similar to but more pronounced than that for Cd in Hg

(B = 5.74 ± 0.30)10~5K~3/2). This shows that the TDEFG is

mainly correlated with the 'spring constant1 of the host,

yet minor variations can be expected for different

impurities.

Table 2.11.1

Quadrupole Interaction Frequencies vs Temperature

for 204Pb

Nucleus J17 Th EY ,1, ao
 e Q V

Z Z
/ h

(ns) (keV) w z (MHz)

204Pb 4+ 260 ± 10 375 + 899 82 0.13(2) 212.0(3)
149 0.15(2) 192.9(3)
202 0.14(2) 175.6(3)
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2.12 Static Quadrupole Interactions in Single Crystals

0. Hausser and H.E. Mahnke (SUNY, Stony Brook)

The discovery of long-lived states of very high

spin (yrast traps) has raised an interesting question regarding

their deformation. The individual particles that supply

angular momentum by alignment of their spins might polarize

the core to produce deformations larger than implied by the

spherical shell model. Static quadrupole interactions

(QI) for isomeric recoils embedded in non-cubic lattices may,

in a few cases, provide an unambiguous answer. Since the QI
2

weakens with increasing spin, J, as Q/J , one is frequently

limited to observing, time-differentially, a small fraction

of the complete QI pattern. It is found that the use of

single crystals with their symmetry axis at 4 5° to the beam

substantially enhances the amplitude of the QI pact, orn at

times near t = 0. A general analysis program has been

written that applies to QI data obtained with single crystals

oriented at 45° or 90 to the beam, or with polycrystals.

or a mixture of both. Axial symmetry of the electric field

gradient is assumed. Interference terms of up to 100

different frequencies are included to ensure that the

patterns for very high spin states (j <_ 40) are calculated

correctly.

2.13 Calculation of Magnetic and Quadrupole Moments of High

Spin Yrast States

G. Hausser and M. Vassanji (Theoretical Physics Branch)

The existence of long-lived yrast states of high

spin in nuclei with neutron numbers near N ^ 82 and 126 has

opened up the possibility of measuring the static moments

of these states for a few of which the magnetic moments

have already been determined. The yrast states may be

deformed beyond the oblate values predicted within the



- 25 -

framework of the spherical shell model and the question

arises whether the correlation between g-factors and quasi-

particle structure is obscured as the deformation is varied.

The moments can be easily calculated in a deformed model

since one may assume I = K = ZQ. where the Q^ are the

projections of the particle angular momenta on the symmetry

axis. The g-factors are then

g _
I + 1

where g!,g are the usual orbital and spin g-factors, gD is

the gyromagnetic ratio for collective rotation. The

expectation values of the particle spins on the symmetry

axis, <s3
>r depend on the deformation of the core, especially

for small values of fi.. For the long-lived yrast traps,

however, mainly orbitals with large £2. contribute and the

variation of g is found to be only a few percent when the

deformation 6 is varied from 0 to -0.3. For these states

the expression g = (gD + g^û )/(I+l) is a rather good

approximation.

The static quadrupole moments (QM) of known yrast

traps have also been calculated by using the expression

Q = f (I) (Q,,-^ + EQ. ) where Q___Q and Q, are the QM of core

and valence particles in the intrinsic frame and f(I) =

transforms intrinsic into static moments. In the cases

studied, the core contributions begin to exceed those of

the particles at rather modest values of the deformation

del z cos).
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2.14 Continuation of the Spectroscopy of High Spin States

Near N=82

H.R. Andrews, 0. Hausser, D. Ward, P. Taras, with B. Haas
(CRN, Strasbourg), and T.L. Khoo, R.K. Smither, C. Davids
and W. Kutschera (Argonne National Laboratories)

We have continued experiments (PR-P-119, 2.5;

AECL-6 366) studying the detailed spectroscopy of high spin

levels leading to previously known high spin isomers in the

nuclei 1 4 8' 1 4 9' 1 5 1
Dy and

 148Tb. The main direction of the

experiments was to aquire extensive Y~Y coincidence data.

The analysis is currently proceeding.

2.15 g-Decay Strength Functions and the T^ = 1/2 Series of

Delayed Proton Precursors

J. C. Hardy

The data that have been obtained so far on delayed

proton precursors with T = 1/2 now comprise the most

extensive and diverse set existing outside of the region

of light nuclei. Proton spectra have been obtained for

Ge, Se, Kr, Sr and Zr; the total proton branching

ratio is known for the lightest three; the fraction of

protons populating excited states in the residual nucleus

has been .determined in all cases, with the spectral

distribution to excited states being measured for Kr

and Sr; and in addition, the average lifetimes of excited

states in the emitters have been determined by the proton

X-ray coincidence (PXCT) method for 9Sr and 73Kr.

Statistical model calculations (see for example,

McDonald et al, Nucl. Phys. A288 (1977)1) have now been made

that successfully describe the experimental observations

in this series with one consistent set of parameters. The
69 73

PXCT data for Se and Kr were used first to determine

parameters for the y-decay strength function and level density

formula. Apart from the prescribed A~dependence these
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parameters were then held fixed for all precursors. Only two

properties were allowed to change in each case: 1) the

precursor spin, which was not known in any case; and 2) the

total decay energy. The 6-decay strength function was

evaluated by using the "gross theory" (McDonald, loc. cit.)

Agreement is found not only with observed spectra

but also with most of the branching ratios. There is no

statistically significant evidence of structure in the

3-decay strength function beyond the smooth trends

predicted by the "gross theory".

A brief report of this work will appear in the

proceedings of the VII International Workshop at Hirschegg,

Austria (1979 Jan. 15-27). More detailed reports are

b^ing prepared for publication.

2.16 T = 1, A = 4n Nuclides

E. Hagberg, J.C. Hardy, H. Schmeing (Neutron & Solid
State Physics Branch), E.T.H. Clifford and V. Koslowski
(University of Toronto)

The data obtained at the ISOLDE facility on the

beta-delayed particle decay of K have now been analyzed.

Three proton groups and at least four alpha groups,

originating from seven excited states in Ar, have been

identified. Arguments based on Gamow-Teller (3-decay

selection rules and parity allowed alpha decay restrict

the possible values for the spins and parities of these

levels to 1 , 2 or 3 for the proton emitting levels

(at 9.22, 9.50 and 9.87 MeV) and to 2 + for those emitting

alphas (at 8.86, 8.89, 9.68 and 10.55 MeV). Our results

agree with existing data on excitation energies, spins and

parities for levels in Ar and also provide information

on previously unknown levels.

We have assessed the possibility of studying T = 1 ,
36 ^

A = 4n delayed particle emitters such as K at CRNL.
Calculations with the code ALICE (PR-P-118: 2.22; AECL-6216),
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which we have also confirmed by experiment, indicate that

peak cross sections for producing these nuclei rarely

exceed a few hundred microbarns. This, combined with weak

particle decay branches, leads to a very low rate of particle

detection. Evidently, it is only for cases not amenable

to production at ISOLDE that studies here would be justified.

2.17 The Decay of 35K

E. Hagberg and J.C. Hardy

Analysis of the data, obtained during several

experiments at the ISOLDE facility (work done in collaboration

with Carraz, Ewan, Hansen, Jonson, Mattsson, Ravn and

Tidemand-Petersson) on the decay of K, is now completed.

Apart from the beta-delayed gamma rays assigned to the decay

of this nuclide (PR-P-120: 2.6, AECL-6452), 12 beta-delayed

proton groups accounting for a total branch of (3 ± 2)-10

have also been identified. Energy differences between
34some of these groups agreed with the level spacing in Cl,

and on this basis five groups were tentatively attributed

to the decay of excited states in Ar at 7.50 and 8.39 MeV.

The log ft values deduced for the preceding 3-transitio-is

were 4.90 and 4.70 respectively. The remaining proton

groups could not be specifically placed in a decay scheme.
35All the data concerning the decay of K are being

written up for publication.

2.18 Precision Mass Measurements

V.T. Koslowsky (University of Toronto), J.C. Hardy,
E.T.H. Clifford, E. Hagberg, H. Schmeing (Neutron & Solid
State Physics Branch) and R.E. Azuma (University of Toronto)

Analysis is now complete on the preliminary

experiment to determine the effective ionization of recoiling
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target nuclei in the reactions14N(d,a)12C and 1 5N (d,a)13C

(see PR-P-120: 2.8; AECL-6452). The results of our mass

measurement correspond to a nucleus recoiling with 5.4 ± 10

of the available 7 electrons. Though not yet useful, this

result indicates that a useful measurement is feasible if

the following experimental improvements are made. With a

detector resolution of 18 keV (FWHM) and a tenfold increase

in the amount of data, the uncertainty can be reduced to ±3.5

electrons; it can be further reduced to +2 electrons by re-

ducing the uncertainty in the excitation energy of the first

excited state of C by a factor of two (to ±0.15 keV). These

improvements are possible, and suitable modifications will be

made in a future experiment.

2.19 Beta-Neutrino Correlations from the Kinematic Shift

of Beta-Delayed Particles

E.T.H. Clifford, J.C. Hardy, E. Hagberg, H. Schmeing
(Neutron & Solid State Physics Branch), with R.E. Azuma
and V.T. Koslowsky (University of Toronto) and M. Conrad

The response function of our g-telescope has

now been measured for negatrons with incident energies

covering the range from 1.0 to 3.0 MeV. These measurements

were carried out under similar conditions to those used

previously for tne positron measurements. The Ga (positron)

source was replaced by a Ru (negatron) source. Data

fitting programs for use on the PDP-10 computer have been

written in order to parameterize the observed electron

response functions.

Detector mounts and a catcher-foil transport system

have been designed for use with the skimmer. The fabrication

of these items will complete the apparatus required for

the improved Na kinematic shift experiment.
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2.20 Ion Source Development for the On-Line Separator

H. Schmeing (Neutron & Solid State Physics Branch),
R. Kirchner, R.J. Toone (Neutron & Solid State Physics
Branch), J. Wills and J.C. Hardy

The FEBIAD ion source, chosen to be our first on-line

ion source (PR-P-120: 2.11; AECL-6452), is now nearing

completion. All mechanical parts are assembled, the

appropriate power supplies have arrived, and their remote

controls are being installed. The ion source magnet, a

high current magnet operated in vacuum, is currently being

wound. We expect the complete source system to be operational

within a few weeks.

Although the FEBIAD ion source appears to be the

most successful on-line ion source in operation today, the

fact that it uses an entrance window (which thickens

rapidly with operating time) is an obvious inherent dis-

advantage. We have continued studies aimed at developing the

He-jet skimmer system into a windowless on-line source.

This new system will be based on a Bernas-Nier type source

because of the anticipated high gas throughput. A detailed

design of this He-jet source is being developed.

2.21 The On-Line Isotope Separator

J.C. Hardy, H. Schmeing (Neutron & Solid State Physics
Branch), "W.L. Perry and K. Nickerson

Extensive tests aimed at optimizing the performance

of the isotope separator in the off-line mode have resulted

in our achieving stable and very satisfactory operating

conditions.

The process of shimming a separator magnet consists

of establishing a set of correcting profiles for the

entrance and/or exit, which optimize the quality of the

focus. Even with the use of a and (5 coils (PR-P-120;

AECL-6452) to adjust the focus, we had anticipated the need



- 31 -

for at least two sets of profiles, one for focussing light

masses, the other for heavy. However, we found that a

single set of profiles is sufficient to yield well-focussed

beams over the entire mass region tested, from mass 6 (actually
12C++) to mass 186(186W+). This was achieved with relatively

small adjustments of the a and 3 coils (̂  10% of their

available range), which corresponded to changes of less

than a percent in the main field; though small, these

adjustments were systematic and crucial. As a result,

switching between beams can now be accomplished in minutes.

The resolution achieved with our off-line source

(Bernas-Nier type) is not a strong function of the ion

source parameters. Quite routinely we are able to operate

at a resolution of R = 5000 {B j— where M is the mass and

AM is measured at full width half maximum). With removal

by collimation of the extreme fringes of the beam, where

divergence is dominated by edge effects, the resolution

increases to R = 7500; the concomitant reduction in beam

intensity is only 20%. This resolution, measured at an

extracted current of more than 15 inA, surpasses our original

specifications by more than a factor of four. This is

all the more remarkable because the specifications were

optimistic in comparison with existing on-line separators.

We expect that the resolution could be further improved if

a detailed study of space charge compensation in the area

uf beam formation were made.

The first on-line test is scheduled for early

April at which time the FEBIAD source will be ready

(PR-P-120: 2.16, AECL-6452).

2.22 Calculation of Gamma-ray Multiplicities

A.J. Ferguson

An earlier calculation (PR-P-112: 2.11, AECL-5696

of the distribution of gamma-ray multiplicities from (HI,xn)

reactions suggested that the majority of transitions are
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stretched E2 transitions, each removing 2 units of angular

momentum. This is in contradiction to the usual assumption

that there is a "statistical" cascade preceding the yrast

cascade that removes very little angular momentum. In the

calculation gamma-ray transition strengths are assumed

proportional to the Weisskopf single particle strengths,

a retardation of 10 being applied to the El and an enhance-

ment of 30 to the E2 transitions. An exponential form is

assumed for the level densities. To assess the validity

of this calculation, a program has been written, based on

the same assumptions, to calculate the gamma-ray spectra

given by the model.

Average multiplicities calculated by the new program

agree with those obtained by the earlier one. Currently

the calculation starts with a single entry point in the

excitation energy spin space; a simple modification will

allow a distribution of entry points that will be more

representative of the real situation. The calculated spectra

are characterized by a sharp rise at energies below 1 MeV

which is more marked than that found in the observed

spectra. Work is continuing to adjust the parameters of

the model to find the best agreement with observation.

2.23 Computer Aided Control System for the Superconducting

Cyclotron and MP Tandem

R.L. Graham and R.B. Walker

The new software system has functioned reliably

since its installation in the PDP-11/34 computer last

August (PR-P-119: 2.21, AECL-6366). The control system is

now being heavily used by the cyclotron development group

for field mapping (see section 6 of this report), Their

programs are developed and implemented from the remote

terminal in building 467; the interface to the field mapping

equipment is by a single CAMAC crate at the same location.
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These programs are written in the MUMTI (Multi User Multi

Task Interpreter) language obtained from the Hahn-Meitner

Institute in West Berlin. MUMTI was developed specifically

for easy communication with devices controlled and monitored

by CAMAC modules and has proven to be very convenient.

One consequence of this heavy usage is the need for

more disk storage capacity; two additional disk drives have

been received. A second consequence has been the request

from the cyclotron group for a second computer terminal

and more crates at their location. A new LA36 DECwriter

and two CAMAC crates have been obtained; these will be

connected as soon as a lull in system usage permits.

Preparations are being made for the installation of

a Danfysik Emittance Measuring Device (EMD) which will be

installed on a tandem beam transport line and which will

eventually become an essential feature of the injection

beam monitoring system for the superconducting cyclotron.

This is the commercial version of the EMD developed at the

Hahn-Meitner Institute by C. Egelhaaf et al (IEEE NS-24,

No. 3, 1745, June 1977) for use with the VICKSI accelerators.

Dr. Egelhaaf has provided us with a listing of his MUMTI

control program for their three EMD's; it is being adapted

for use in our application. The output display hardware

for this purpose (a Tektronix 613 storage oscilloscope and

its associated CAMAC display driver module) have arrived.

Programs have been written to test and operate this display

combination.

Some additional CAMAC modules have been acquired

during the past six months. These include four L-2

serial crate controllers, one A-l parallel crate controller,

two input gate output registers, one multiDAC, two scanning

ADCs, two stepping motor controllers and a PROM programmer.

Construction of special modules continues.



- 34 -

2.24 Optical Design of the New Tandem Injector

W.G. Davies, A.R. Rutledge, and R.M. Hutcheon (Accelerator
Physics Branch)

A preliminary design has been made for the new

250 keV injector required for the MP Tandem when it is

used with the superconducting cyclotron. The new design

makes use of the present electrostatic lenses but requires

the purchase of a new ESAG lens and two inflection magnets.

The arrangement is similar to the present injector but its

deficiencies (low mass resolution and insufficient ability

to modify phase space) have been overcome. The design

was optimized for a "UNIS" source. The calculated emittance

of the source was within a few percent of measurements made

by H.R. Hyder (IEEE Trans, on Nucl. Se. NS-23 (1976) 1145).

As in the present injector, a waist is produced at

the entrance aperture of the 250 keV accelerator tube.

This mode of operation reduces the effects of the very

strong lens produced by the first electrode. The astigmatism

present at this point in the present system has been mini-

mized by the appropriate design of the first inflection

magnet. Phase space matching to the tandem acceptance is

achieved with the two ESAG lenses, the first placed

immediately following the accelerator tube and the second

placed after the second 45 inflection magnet. Perfect

matching can be achieved for all terminal voltages. The

emittance of the beam is always significantly smaller than

the tandem acceptance, so 100% transmission to the tandem

terminal should always be possible.
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2.25 Modifications to the MP Tandem Required for its Use With

the Superconducting Cyclotron

W.G. Davies and A.R. Rutledae

The use of the Chalk River MP tandem as an injector

for the superconducting cyclotron during commissioning

requires that the beam direction be reversible if the present

target rooms are to be useable. To investigate this mode

of operationr the electrostatic accelerator code (OPTIC) written

by J.D. Larson (private communication) has been used to

make an extensive analysis of the optics of the Chalk River

MP tandem. The program incorporates to first order the

effect of the inclined gradients used in the accelerator

tubes to suppress electrons. The results suggest that two

way operation of the tandem can be achieved with the following

modifications :

(1) tube 8 is replaced by a type 1 tube installed

backwards

(2) tube 5 is rotated 180° about its long axis (see PR-P-121:

2.26, AECL-6530)

(3) tube 4 is replaced by a type 5 tube installed

backwards

(4) x and y steerers are installed at the inner end of each

type 1 tube

(5) an additional set of x and y steerers is positioned in

the terminal to allow steering of the stripped beam

for reversed operation.

These modifications result in solutions with nearly

identical optical properties for operation in both direc-

tions. Furthermore the optics in both directions are

greatly improved over those existing in the present tandem.

To test the calculations, a set of steerers for the first

dead section are being designed and tube 5 will be rotated

in the near future.



- 36 -

2.26 Improvements to the MP Tandem Optics

W.G. Davies and A.R. Rutledge

As part of the design of the new low-energy

injector and of the modifications to the MP tandem required

for the Superconducting Cyclotron project, (see PR-P-121:

2,24 and 2.25, AECL-6530) an intensive analysis was made of

the optics of both the tandem and the present injector.

A number of significant deficiencies were identified in

the present system which can be overcome by rather minor

changes to the tandem. These deficiencies are:

(1) Severe off-axis injection is required which limits

acceptance and makes operation difficult. Typically

the beam must be offset by about 1 cm and enter at

an angle of 1 mrad if it is to pass through the

stripper canal. This off-axis injection results in a

loss of up to 30% of the injected beam in the first

tube even under optimized conditions. Aberrations

are also greatly increased.

(2) Maximum transmission through the high energy tubes

can only be achieved with terminal steerer settings

that result in significant off-axis extraction from

the tandem. The decentering is a function of the charge

state of the extracted ions but the beam is typically

displaced 2-3 mm and emerges at an angle of ^ 1 mrad.

(3) The present injector is not capable of matching the

acceptance phase space of the tandem, resulting in

considerable beam loss.

Item 1 can be alleviated by placing a y steerer and pre-

ferably both x and y steerers in the dead section

between tubes 1 and 2. With this modification the "dog-

legging" required at present can be replaced with a single

deflection which, by allowing on-axis injection, greatly

simplifies the operation of the tandem. Transmission

through tube 1 should now be 100% and the aberrations intro-

duced by off-axis injection are eliminated. Item 2 is
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greatly alleviated by rotating tube 5 about its axis by

180°. Not only does this modification allow the beam to

be brought out with a greatly reduced angle <v 0.2 mrad

instead of 1 mrad but the amount of terminal steering is

also reduced by 20%. Item 3 can now be rectified either

by using the electrostatic doublet at the entrance to the

tandem to improve phase space matching (without the current

problem that the doublet follows the low energy steerers

and thus acts as a strong steerer) or better still by moving

the doublet outside the tank and placing it an appropriate

distance in front of the low energy aperture. The latter

solution has the advantage that the beam properties can

be optimized and measured outside the tandem.

2.27 Foil Lifetime Measurements

J.L. Gallant, D.J. Yaraskavitch, A.B. McDonald, H.R. Andrews
and N. Burn (NRX Reactor Branch)

Lifetimes have been measured for carbon foils

produced by a number of techniques that have been recently

reported to result in enhanced lifetimes. Table 1 shows

the average time for a 0.1 particle microampere, 10.5 MeV
127 +

1(3 ) beam to break foils prepared by the following

techniques:

1. Evaporation onto a glass substrate at room temperature

by electron bombardment of graphite (as produced by

AECL - Commercial Products).

2. Evaporating onto a glass substrate heated to 300°C

(from a high power arc between two carbon rods) as

suggested in a preprint by S. Takeuchi et al (JAERI -

MEMO 7746; Japan 1978).

3. High voltage cracking of ethylene gas in an argon

atmosphere as suggested by David Tolfree et al

(Daresbury preprint DL/NUC/P92A).

4. Slackening of foils produced by the above techniques by

reducing the diameter of the supporting ring by about

1 rad = 10 mGv
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10% as described by Armitage et al (Nucl. Inst. &

Meth'. 155_ (1978) 565.

All foils were about 16 yg/cm^ and were mounted

over 10 mm diameter holes with a beam spot size of about
2

5 mm . All foil types showed similar reactions to bombard-

ment. The beam region became mirror-like in appearance

and stress lines developed in the exterior region. Breakage

eventually resulted from this buildup of stress and there-

fore the initially slackened foils had longer lifetimes.

The longer lifetimes for foils produced by techniques 2

and 3 occurred because these foils developed stress at a

slower rate.

In addition to these measurements performed in

a target chamber where the foils could be observed visually,

measurements were made of effective lifetimes of these

types of foils as strippers in the terminal of the MP

tandem. One microampere of I from the UNIS source was

injected with a terminal voltage of 4.5 MeV and the current

of the 41 MeV, charge 8+ beam was monitored as a function

of time, by using the data acquisition system being developed

for computer control of the superconducting cyclotron. The

beam spot was 8 mm in diam., the foil aperture 15 mm.

The beam current was observed to decrease steadily at a rate

characteristic of foil type. The times to reach one half

the initial intensity are listed in Table 1. Times to 1/10

the original intensity were typically about three times as

long. Initial intensities were similar for all foil types.

These results are clearly correlated with lifetimes for

breakage observed at ground potential and it is obvious

that the usable lifetimes for stripping are substantially

higher for slackened foils, particularly for those produced

by techniques 2 or 3. The slackened cracked ethylene

foils show an effective lifetime improvement of more

than a factor of 30.
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Table 2.27.1

Carbon Foil Lifetime Measu*-aments with 131
I Beams

Foil Type

AECL-CP

AECL-CP
Slackened

JAERI

JAERI
Slackened

Cracked
Ethylene

Cracked
Ethylene
Slackened

No. of
Foils

4

7

8

6

5

3

Average time
to break foil

in target chamber
0.1 pA at 10.5 MeV

(min)

3.3 + 0.8*

70.5 ± 6.2

29.5 ± 4.9

206.4 ± 35.3

79.3 + 24.1

296.6 + 78.4

No. of
Foils

17

22

24

8

Average time
to 1/2 beam intensity
with stripper foil

in terminal
^ 1 pA at 4..r MeV

(min)

1.5 ± 0.4*

9.0 + 0.8

25.4 ± 4.1

48.1 + 20.2

The uncertainties quoted are the internal errors of the mean.
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2.28 Beam Development with the U.N.I.S. Source

Y. Imahori (NRX Operations Branch) and H.R. Andrews

Over the past three months, the modified version

of the UNIS negative ion sputter source (PR-P-117: 2.2)

has been used with the MP tandem over 60% of the operating

time. Beams produced during the period included C(C-14 dating),
3 2 S , 2 8Si, 6 3Cu, 7 9Br and 1 2 1 I . In addition the following

beams were developed and successfully accelerated to tar-

get locations.

Source

(B*+o2)

(Ti+NH3)

(Aî,*+NH3)

(Ca*+NH3)

Table

Extracted Ion
and Current

(na)

B0~ 1000

NH~ 3000

A£H~ 400

CaH3 180

2.28.1

Final
Energy

25 MeV

35 MeV

56 MeV

85 MeV

Ion

B 3 +

N 4 +

A* E +

Ca^

Analyzed
Current

(pna)

133

50

30

10

* Heidelberg type cone (reflected beam type).

Improvements to the design of the source are

considered in the next section (Sec. 2.29).

2.29 Computer Simulation of Cesium Beam Optics for the Chalk

River Versions of the Negative Ion Sputter Source

S. McGarry, Y. Imahori (NRX Operations), H.R. Andrews,
W.G. Davies and R.M. Hutcheon (Accelerator Physics).

An electron trajectory program prepared by

W.B. Herrmannsteldt of the Stanford Linear Accelerator

Center at Stanford University (SLAC 166(A)UC-28) is being

used to simulate the cesium beam optics for the Chalk River

negative ion sputter sources. A second source has been
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built, similar in design to the modified original UNIS

source now in use (See Sec. 2.24) but with provision for

steering and focussing the cesium beam.

Simulations ot tne cesium beam trajectories were

done for various lens configurations and potentials. These

showed that in order to achieve optimum focussing it was

necessary to modify the lens configuration and the poten-

tial range on the four-segment steering electrode. As a

result a third cylindrical electrode was inserted between

the steering electrode and the cone wheel. This electrode

was set at a potential equal to the cesium extraction

electrode so as to form an einzel lens. A new power supply

was assembled to change the potential range to the required

value.

Testing of this new configuration has begun and

a marked improvement of the cesium beam focussing is

evident. When satisfactory performance has been achieved,

the new source will be put into routine use and similar

modifications will then be made to the original.

2.30 Tandem Electronics

J.P.D. O'Dacre

The counter stabilized nuclear magnetic resonance

(NMR) system described in PR-P-114: 2.21, AECL-5845 has

been tested and performance confirmed on the analyzing

magnet of the MP tandem accelerator. Settling times to

one part in 10 for large switched frequency changes

in the 4-50 MHz range take a few seconds, those in

the 50-78 MHz range can take up to 20 seconds. This can

be substantially reduced if necessary but it is not clear

that a settling time of twenty seconds is a problem.

The NMR is the second of a three part system for

stabilization of the magnetic field of the analyzing magnet

for the MP tandem. The initial, a precision current supply,

has been in operation for many mouths (PR-P-119: 2.24,
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AECL-6366). The final section consisting of an auto search

circuit and trim coil drive is under development.

A chassis - for use with the analyzing magnet

current supply - providing scanning of the power transistor

circuits so that current imbalance, blown fusesf and open

transistors can be located instantly, has been operating

successfully for 6 months. Operation of the chassis has

permitted culling of unsatisfactory power transistors,

and resulted in the reduction of the failure rate from 2-3

per month over the past several years, to zero over the past

4 months.

2.31 Computers and Instrumentation

F.J. Sharp and R.L. Brown

A new Data Interlock unit for the PDP-1 data

scanner has been put into service recently. It can

accommodate up to nine channels of input data and replaces

the two channel interlock device often referred to as

"the gauntlet". The new unit performs the traditional

function of locking out new data until the system has

finished processing the previous event, and also incorpor-

ates convenience features such as: (1) an independent gate

circuit for each ADC in the data scanner, and (2) a front

panel mixer arrangement which uses short wires with pin

plugs to assign input events to specific ADC's.

2.32 Target Preparation

J.L. Gallant and D.J. Yaraskavitch

The following targets were prepared for Nuclear
120 124 122Physics experiments: self-supporting " Sn, Sn, Sn,

Ta,. Si, C. Au; on lead backings Sn, Sn, 'Sn; on

carbon backings Ca, Li. In addition liquid targets of

Hg-198, 200, 202, 204 were produced.
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Stripper foils were replaced with a variety of

carbon foils produced by carbon arc evaporation, cracked

ethylene, and AECL foils. Lifetime measurements are

continuing (See PR-P-121: 2.27, AECL-6530).

Work done for other branches

Targets of CaF_, Mg, ZnP, P, Au, Ni and Zr on thick

Ag backings were prepared for Drs. W. Lennard and I.V. Mitchell;

self-supporting targets of Ge, Si and C in thicknesses 50

to 100 yg/cm2 for Dr. Hirashi Ishiwari; self-supporting
2

130 ug/cm for Dr. Dallas Santry; and Au on a Si for

Dr. 3.R. Davies, all of the Solid State Science Branch.

Two laser mirrors were gold coated for Dr. D.R. Smith

of the Physical Chemistry Branch.

2.33 MP Tandem Operation

J.C.D. Milton

The accelerator operated very reliably for the

second consecutive quarter. The availability (Table 2.33.1)

was only slightly less than the high established in the

last quarter, but the small difference was more than com-

pensated for by the large decrease in unscheduled shut down

time, which .at 8.7% is the lowest since 1970. The tank

was entered three times, twice to reload stripper foils.

The frequency of such reloadings should be much reduced in

the future (See Section 2.27).

Sixteen experiments were run. Twelve visiting

scientists were involved in experiments occupying 49% of

the available time and their average participation was 38%.
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Table 2.33.1

MP Tandem Operating Times, 7 8 Dec. 18 to 79 Mar. 21

hours %

Beam Available

Scheduled Shutdown

Unscheduled Shutdown

1413.3

479.4

179.2

68.2

23.1

8.7

T O T A L 2072.0 100.0

2.34 Half-life of 54Mn

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

54
Our determination of the half-life of Mn with

the 4TT-yionization chamber has been completed (AECL-4697:

PR-P-93: 2.23). The value obtained is 312.21 ± 0.05 days.

The uncertainty shown is three times the standard

deviation from the result of least squares fit to the

data, which covered a period of 3500 days or 11 half-lives.

This uncertainty does not include any allowance for the

presence of impurities because none was detectable by

Ge(Li) y-ray spectrometry at any time throughout the 3500-

day period. As a further test, half-life values were

computed separately for the first and second halves of

these data; they agreed within their standard deviations,

which indicates that the quantity of impurities in the

sample was negligible.
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2. 35 4Try Ionization Calibration

P.H. Gibson and J.S. Merritt

Six new liners for the 4iry ionization chamber that

will be equipped with an automatic sample changer by the

Counter Development Section of Neutron and Solid State

Physics Branch (PR-P-119: 2.27, AECL-6366) have been

calibrated with 137Cs.

2.36 Relative Counting of Ni Standards

J.S. Merritt with R.M. Brown and W.F. Merritt (Environmental
Research Branch).

At the request of Commercial Products, a Ni

standard sold by Amersham Corporation was compared with

a Ni standard certified by the U.S. National Bureau of

Standards, the National Research Council of Canada and

this laboratory (Int. J. Appl. Rad. and Isotopes "Q, 111-

785, 1971). The comparison was accomplished by liquid

scintillation counting three samples from a dilution of

each of the master Ni solutions. The dilutions were

prepared identically, both as to dilution medium and Ni

concentration. The three samples from each dilution

similarly were matched to give corresponding counting rates

and gave an activity range of approximately three. The

results indicated that the Amersham Corporation standard

is correct within the stated uncertainty of ±3%.

2.37 Improvements to the Delay Matching and Monitoring Circuits
of the 4irg-Y Coincidence System

L.V. Smith and F.H. Gibson

In the last quarter improvements have been made

in the method of recording the effectiveness with which

the relative delay between coincident g-y pulses remain
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matched throughout a run. A LeCroy NIM Model 3 001 qVt

1024-channel analyzer replaced an old 100-channel analyzer.

Additonal changes were made to accommodate the scaling

of the 2 0 MHz clock frequency from the analyzer (n pulses

for an event recorded in channel n), and to improve the

delay stability of the start channel to the Time to Ampli-

tude Converter. These changes have resulted in better

resolution of the time spectrum (10 ns/channel vs. 43 ns/

channel) and an improved sensitivity for setting delay in

the start channel.

2.38 Cs International Comparison

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

We have participated in an international comparison

which was organized by Bureau International des Poids et

Mesures (BIPM) with about nine standards laboratories, with

the stated purpose, "to study the measurement of activity,

by efficiency tracing, of this important radionuclide and

to learn more about the agreement of the results which may

be reached". BIPM will use the results from this mini-

comparison to recommend the direction of further work on Cs

activity measurement.

134As suggested by BIPM, the tracer used was the Cs

which had been distributed to participants for the major

international comparison of 1978 (PR-P-120: 2.28, AECL-6452).

The CRNL results are documented in AECL-5562 (1977) . In

the present case the measurements were similar to those

described in the report on the standardization of Cs

by this method (AECL-6203, 1978), but with the following

differences: 1) the Cs/ Cs activity ratio used here

was a 1.0 (for AECL-6203 it was 2.0); 2) the high energy

y-channel gate was not used because it was found (AECL-6203)

to give larger statistical uncertainty; 3) aiuq the Nal

detector with resolution of 8.0% at 662 keV was replaced

by one with 6.8%.
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The result from this measurement is compared

below with results from relative counting methods that
137

are based on our previous standardization of 'Cs(AECL-6203),

which was registered in the international reference systems

of BIPM and International Atomic Energy Agency (IAEA).

The uncertainties shown are three times the standard

deviation; for the two relative methods listed below, the

statistical uncertainty of AECL-6203 (standard deviation

= 0.14%) is the largest part of the overall uncertainty

and is common to both:

Bq*"mg~

This assay by 4ir (PC) -y efficiency tracing 760.35 ± 2.44

Calibrated 4ÏÏY ionization chamber 760.75 ± 3.35

Relative y counting with Nal detectors 762.21 ± 3.36

*3.7 x 10 1 0 Bq = 1 Ci

2.39 Standards Issued;

J.S. Merritt and L.V. Smith

H Ontario Hydro

Cr Environmental Research

Cr University of Guelph

Co University of Guelph

Ni Commercial Products

134
Cs University of Guelph

137Cs " " "

133Ba

139
Ce Environmental Research
Ce University of Guelph
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2.40 Laser Magnetic Resonance (L.M.R.)

J.S. Geiger with D.R. Smith and J.D. Bonnett (Physical
Chemistry Branch)

See PR-CMa-48: 3.2.5

2.41 Search for Koo Radiation in Heavy-Ion Atom Collision

G.C. Ball with W.N. Lennard and I.V. Mitchell (Solid State
Science Branch) and P.H.C. Lee (Theoretical Physics Branch)

See PR-CMa-48: 1.2.1

2.42 Beta-Delayed Two-Neutron Emission from Li

J.C. Hardy with F.C. Khanna and I.S. Towner (Theoretical
Physics Branch)

See PR-P-121: 4.10

2.43 Deuterium Photodisintegration Experiment

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

See PR-P-121: 3.12

2.44 Publications, Reports and Lectures

a) Publications

REVIEW OF 2 ARTICLES FROM ANNUAL REVIEW OF NUCLEAR SCIENCE
J.C. Hardy (edited by W.B. Lewis)
Nuclear Science & Engineering £8_ (1978) 369

LIFETIME OF THE 6+ MEMBER OF THE GROUND-STATE BAND IN 22Ne
T.K. Alexander, G.C. Ball, W.G. Davies and J.S. Forster
Nuclear Physics A313 (1979) 425
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LIFETIME MEASUREMENTS IN 22Ne, 28Si and 31P RELEVANT TO
THE INTERPRETATION OF THE Z_ VARIATION IN LOW VELOCITY
DSAM RESULTS ^
J.S. Forster, T.K. Alexander, G.C. Ball, W.G. Davies,
I.V. Mitchell and K.B. «vincerbon
Nuclear Physics A313 (1979) 397

THE SUPERALLOWED DECAY OF 35Ar: A PERSISTENT ANOMALY
E. Hagberg, P.G. Hansen, J.C. Hardy, B. Jonson, S. Mattsson
and P. Tidemand-Petersson
Nuclear Physics A313 (1979) 276

g-FACTORS OF EXCITED STATES IN *UJ"iu->TJÎ, MEASURED BY
TRANSIENT FIELD INTERACTION AT HIGH RECOIL VELOCITIES
O. Hausser, B. Haas, D. Ward and H.R. Andrews
Nuclear Physics A314 (1979) 161

97 99
BETA-DELAYED PROTON EMISSION FROM Cd AND Cd
T. Elmroth, E. Hagberg, P.G. Hansen, j.c. Hardy, B. Jonson,
H. L. Ravn and P. Tidemand-Petersson
Nuclear Physics A304 (1978) 493

COMPLETE FUSION OF O WITH Mg AND F WITH Na
D. Horn, A.J. Ferguson and 0. Hausser
Nuclear Physics A311 (1978) 238

b) Reports

MEASUREMENTS OF THE RELATIVE ANGULAR EFFICIENCY OF A
Ge(Li) DETECTOR: Q_k FACTORS AND DOPPLER BROADENING

T.K. Alexander, J.S. Forster, G.C. Ball and W.G. Davies,
AECL-6484, February 1979

c) Lectures

DELAYED PROTON DECAY AMONG LIGHT NUCLEI (A < 100)
J.C. Hardy
Paper presented at the Hirschegg Workshop, Hirschegg,
Austria, 1979 January 23-27

INERTIAL FUSION SYSTEMS
J.S. Geiger
Lecture given at Graduate Nuclear Course, Dept. of Chemical
Engineering, University of Toronto, 1979 March 20

THE CHALK RIVER SUPERCONDUCTING CYCLOTRON PROJECT
J.C.D. Milton
Invited talk at Eastern Regional Nuclear Physics Conference,
University of Ottawa, 1979 March 30,31
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VELOCITY AND ANGLE DEPENDENCE OF LOW ENERGY ELECTRONIC
STOPPING POWERS
H.R. Andrews
Lecture given at the Informal Workshop on Penetration of
Low Energy Particles, New York University, 1979 January 4-6

The following talks were presented at the Symposium on
High Spin Phenomena in Nuclei held at Argonne National
Laboratories, 1979 March 15̂ -17

THE MEASUREMENT OF g-FACTORS OF HIGH-SPIN ROTATIONAL STATES
BY THE TRANSIENT MAGNETIC FIELD INTERACTION
H.R, Andrews, 0. Hausser, D. Ward, N. Rud, B. Haas,
P. Skensved, P. Taras, C. Broude, R.M. Diamond and
F.S. Stephens

MEASUREMENTS OF LIFETIMES AND FEEDING TIMES FOR HIGH SPIN

STATES IN 156Dy
D. Ward, H.R. Andrews, 0. Hausser, Y. El Masri, M.M. Aléonard,
P.A. Butler, I. Yang-Lee, R.M. Diamond and F.S. Stephens

SINGLE PARTICLE NATURE OF THE YRAST LINE AT HIGH ANGULAR
152

MOMENTUM IN Dy
B. Haas, H.R. Andrews, O. Hausser, D. Horn, J.F. Sharpey-Schafer,
P. Taras, W. Trautmann and D. Ward

MAGNETIC AND QUADRUPOLE MOMENTS OF HIGH SPIN STATES
O. Hausser
(Invited paper)

QUADRUPOLE MOMENTS OF THE 12+ STATES IN 2 0 6Pb AND 2 0 0Pb
H.E. Mahnke, E. Dafni, G.D. Sprouse, T.K. Alexander,
H.R. Andrews, 0. Hausser, P. Taras and D. Ward

The text of these lectures may not be available in print.
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NEUTRON AND SOLID STATE PHYSICS BRANCH

G. DOLLING

3.1 Staff

3.2 Dependence of Vacancy Formation Energy on Long-Range
Order in g'-Brass

3.3 Lattice Dynamics of Cu-8.6% Ge

3.4 Phonon Dispersion Curves of Deuterated a-Glycine

3.5 Physical Characteristics of Transferrin Derived
from SANS

3.6 Neutron Scattering from DNA Gels

3.7 Temperature Dependence of the Condensate Fraction
in Liquid 4He

4

3.8 Temperature Dependence of S(Q) for Liauid He

3.9 Spin and Phonon Excitations in Uranium Teliuride

3.10 Ground State of the Uranium Ion in UPd,
3.11 Possible Modification of,the Bremsstrahlung

Monochromator for use with 50-60 MeV Electrons

3.12 The Deuterium Photodisintegration Experiment

3.13 N4 - External Thermal Neutron Beam Facility

3.14 Parity Mixing in Ne

3.15 Reactor Beam-Hole Use

3.16 Supply and Servicing of Semiconductor Detectors and
Systems

3.17 Gas Counters

3.18 Detector Grade CdTe Synthesis
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3.19 Photoconductivity Measurements of CdTe

3.20 Cutting GaAs Targets

3.21 Glassblowing Services

3.22 Machine Shop Services

3.23 T z = -1, A = 4n Nuclides

3.24 Atomic Pair Correlations in Liquid Helium

3.25 Precision Mass Measurements

3.26 Beta-Neutrino Correlations from the Kinematic Shift
of Beta-Delayed Particles

3.27 Ion-Source Development for the On-Line Separator

3.28 The On-Line Isotope Separator

3.29 Publications and Lectures
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3.1 Staff

SECTION I

G
W
T
S
P
A
B
E

. Dolling
,J.L. Buyers
.M. Holden (2)
.M. Kim
. Martel
.F. Murray (3)
•M. Powell
.C. Svensson

SECTION II

J.
E.
M.

W. Knowles
D. Earle
A. Lone

SECTION III

J.
R.
H.

G.V. Taylor
G.C. McElroy
Schmeing

GLASSBLOWING

J.G. Wesanko

DESIGN

W. McAlpin-

BRANCH HEAD: G. Dolling (1)

SOLID STATE PHYSICS TECHNICAL STAFF

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

NEUTRON NUCLEAR PHYSICS

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

COUNTER DEVELOPMENT

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

WORKSHOPS

A.H. Hewitt
H.C. Spenceley

SECRETARIAL STAFF

D.M. Mitchell

(1) Succeeded A.D.B. Woods who transferred to Head Office,
Ottawa, on January 1, 1979.

(2) On leave of absence for one year at Imperial College of
Science & Technology, London, England; left Aug. 23, 1978.

(3) Postdoctoral Fellow from University of Edinburgh,
Scotland; arrived Oct. 26, 1978.

(4) Postdoctoral Fellow from University of Toronto.
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3.2 Dependence of Vacancy Formation Energy on Long-Range Order

in g'-Brass

S.M. Kim and W.J.L. Buyers

The positron annihilation peak coincidence rate has

been measured in ordered bcc 3'-brass from 8°C to 380°C. A

vacancy-induced rise at 150°C and subsequent saturation at

300°C are observed in the count rate. The maximum slope

with temperature is too large to be accounted for by the

standard trapping model. When the dependence of the vacancy

formation energy, E^(T), on long-range order, a(T), is in-

cluded according to (L.A. Girifalco, J. Phys. Chem. Solids

24_ (1964) 323)

E f (T) = E° +u a2(T),

a good description (X = 0.8) of the results is obtained with

E° = 0.32 ±0.03 eV and with u set at 0.4 eV, i.e. about half

the order-induced increase in the activation energy for

self-diffusion. The rapid reduction with temperature in the

effective vacancy formation energy is consistent with a

configurational cluster model. Clusters with fewer than the

mean number of ordered neighbours have a lower probability

of occurrence but the central atom may then have a lower

binding energy resulting in an exponentially larger probability

of its being removed to form a vacancy. Such clusters tend

to produce a rapid rise in positron annihilation peak rate as

the temperature is increased.

3. 3 Lattice Dynamics of Cu-8.6% Ge

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

The study commenced in the previous quarter

(PR-P-120:3.10, AECL-6452) was continued and results have

now been obtained for the [00c]L&T, and [ççO]L and T-,
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and the [ççç]L&T branches of the phonon dispersion relation.

On average, the frequencies for the alloy are 4.8% lower than

the corresponding values for pure copper (E.C. Svensson et al.,

Phys. Rev. 155 (1967) 619) although some frequencies are

essentially the same as for copper while others are as much

as 10% lower. These frequency shifts result largely from

force-constant changes since a decrease of only 1.4% would be

expected from the changes in lattice constant and average mass.

A Born-von Karman force-constant analysis has been carried out

and, as expected, nearest-neighbor interactions are dominant.

Higher resolution measurements aimed at determining the

effect on the phonon lifetimes of the force-constant disorder

in the alloy are currently underway at the N5 spectrometer.

3.4 Phonon Dispersion Curves of Deuterated a-Glycine

B.M. Powell and P. Martel

Protein is composed of some twenty amino acids of

which the simplest is glycine. In its crystalline form

glycine has monoclinic symmetry (space group P2^/n) with four

molecules in the unit cell. The molecules are hydrogen bonded

to form molecular layers parallel to the (010) planes.

Measurements of phonon frequencies in a single crystal of

deuterated a-glycine have been made on the C5 spectrometer.

In the [010] direction (perpendicular to the molecular layers)

the acoustic branches and four optical branches of the

dispersion relation have been measured. In the [001] direction

(within the layers) the longitudinal and one transverse branch

have been outlined. The phonon frequencies for propagation

along [010] are significantly lower than those for [001] , a

pronounced characteristic of layer structures. There is

evidence for a low-lying optical mode at r (frequency -19 cm" )

which has not been observed by Raman scattering experiments.

Further measurements to confirm this mode are in progress

and a lattice dynamical model is being developed.
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3.5 Physical Characteristics of Transferrin Derived from

Small-Angle Neutron Scattering (SANS)

P. Martel, S.M. Kim and B.M. Powell

Analysis of the experimental SANS data from trans-

ferrin (PR-P-120:3.3, AECL-6452) has been completed. The

molecular shape was determined by assuming it to be an

ellipsoid of revolution and fitting the calculated SANS

distribution to our data. The assumption of an oblate

spheroidal shape gave the best fit, although a prolate

spheroidal shape was almost as good. A spherical molecular

shape was definitely ruled out. The semi-axes of the

"best fit" oblate spheroid are 46.6 ±1.4 Â, 46.6 ±1.4 Â,

and 15.8 ±3.8 & with a molecular volume of (144±45) x10 3 A2.

From the SANS intensity at zero scattering angle the

molecular weight is determined to be (74±5) x 10 u.

The zero contrast point for transferrin was found with

40.5% D_O in Ringer's solution, in agreement with the value

for hemoglobin. The shape-independent molecular volume

derived using this zero contrast result is 97 x10 Â . The

difference in the two values for the volume suggests that

transferrin is not a uniform spheroid but contains significant

regions of "excluded" volume.

3.6 Neutron Scattering from DNA Gels

P. Martel

Following methods outlined by Maniatis et al.

(J. Mol. Biol. 8A_ (1974) 37) we have prepared various DNA

gel specimens (D_O + DNA) for study by neutron scattering.

These gels simulate the aqueous environment of DNA in the

cell. Preliminary measurements have been carried out on the C5

and C4 spectrometers. The aim of these measurements is to

find polar coherent modes of vibration which might be involved

in initiating conforinational changes in genetically active

systems (see, e.g., H. Frohlich, Phys. Lett. 51A (1975) 21,

and references therein).
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According to Maniatis et al., 6.0 molar LiCfl. DNA

should have the B conformation. However, our observation

of elastic neutron scattering intensity corresponding to

-2.7 Â separation suggests that our specimen had some C

phase present as well. A gel prepared by dilution of calf

thymus DNA gave significantly more intensity at angles

corresponding to the 3.4 Â separation characteristic of

the B-form. Dehydrated DNA gave much less avidence of

crystallinity than the gels did.

Inelastic neutron scattering from all our DNA

specimens is seen near 1 THz, as a shoulder on the side of

the quasi-elastic peak. This shoulder does not display any

significant wave-vector dependence, however. Further

experiments on other semi-crystalline nucleic acids are

planned.

3.7 Temperature Dependence of the Condensate Fraction in

Liquid 4He

E.C. Svensson and P. Martel

The study of S (Q,io) for liquid He at large Q

which was commenced earlier (see PR-P-119:3.10, AECL-6366

and PR-P-120:3.8, AECL-6452) has been resumed using the

L3 spectrometer. In addition to the results reported pre-

viously for 1.0 and 4.2 K, we have now determined the

scattering from the empty specimen container for

3.0 < Q < 8.5 Â"1 (in 0.5 i"1 steps) and the scattering

from the container filled with liquid He at 2.12 K for Q

values of 3, 4, 5, 6 and 8 Â" . The fast neutron background

has also been automatically determined at each point of

every scan. The measurements are continuing.
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A

3.8 Temperature Dependence of S(Q) for Liquid He

E.C. Svensson and P. Martel

The measurements (see PR-P-120:3.9, AECL-6452) to

determine the temperature dependence of the static structure

factor S(Q) for liquid He have now been completed. In

total, measurements were carried out at scattering angles

1.0° < <|> < 124.0° (in 0.1° steps) for the empty specimen
A

container and for the container filled with He at tempera-

tures of 1.00, 1.38, 1.77, 1.97, 2.07, 2.12, 2.15, 2.27,

3.00, 3.60 and 4.22 K. In addition, the fast-neutron

background was automatically measured for the complete range

of <f> values for the empty specimen container and for the

container filled with helium at 1.00 and 4.22 K, and for

selected <j) values for all other scans. Except at low scat-

tering angles, the fast-neutron background is small and

essentially independent of the specimen temperature, but it

can vary with time as a result of changes in the core-loading

of the reactor. Analysis of the results to obtain, for each

temperature, S(Q) and the pair correlation function g(r) is

now in progress (see PR-P-121-.4. 3, AECL-6530) .

3.9 Spin and Phonon Excitations in Uranium Telluride

A.F. Murray•and W.J.L. Buyers, with P. de V. du Plessis and

G.H. Lander (Argonne National Laboratory) and 0. Vogt

(ETH, Zurich)

Measurements have been made of the spin and phonon

excitations in the (111) direction of UTe at 295 K, 77 K

and 4.2 K. The collimation of the N5 spectrometer, equipped

with a Ge(113) monochromator and graphite (002) analyser,

was chosen to give a resolution higher than that of the

initial measurements (PR-P-120:3.5, AECL-6452). The phonons
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at 295 K are unusual in that the LO branch is broad and the

LA branch lies below the TA branch, as has been seen in

mixed-valence systems. At 4.2 K a branch of spin excitations

is observed that rises from a large anisotropy gap energy of

3.45 ±0.07 THz to mix with and cross the TO and LO phonon

branches (v(TO) = 4.97 + 0.06 THz and v (LO) = 5.66 ±0.05 THz

at Q = (lll)2ir/a). A frequency of 8.9 ±0.2 THz is observed

at the (111) zone boundary. The large anisotropy gap ob-

served in this and otner actiniae rocksalt compounds shows

that the spin is closely confined to the ordering direction,

and provides a microscopic basis for the high degree of

anisotropy observed in the critical scattering.

3.10 Ground State of the Uranium Ion in UPd,

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

Previous measurements of the collective magnetic

excitons in hexagonal UPd. (PR-P-120:3.7, AECL-6452) have

been analysed in terms of the splittings produced by the

electrostatic field arising from the crystalline environment

of the magnetic uranium ion. Because the valency of the
2+ 4+uranium atom is unknown (U to U is the likely range),

and there are a large number of near neighbours whose

effective charge is unknown because of metallic screening,

a computer program has been written which uses the methods of

Racah algebra to calculate the electrostatic splitting of

the various J multiplets for a general configuration of

neighbouring ions. Crystal-field calculations have previously

been available only for high-symmetry environments such as the

Lea, Leask and Wolf tables for cubic salts (J. Phys. Chem.

Solids 23_ (1962) 1381) . Calculations have been performed,

for the U 4 + (f2) and U 2 + (f4) configurations, both of whic

have a J = 4 ground state. We have found combinations of
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near-neighbour charges which predict transitions close to

the observed frequencies of 0.5 THz and 3.5 THz, and for

which there is a singlet or non-magnetic ground state on

both the hexagonal and near-cubic uranium sites. This is

consistent with the absence of magnetic order in UPd, down

to 4.2 K. The f configuration can only explain the data

with positive charges on the U atoms and anomalously large

negative charges on the Pd atoms. The f configuration,

which has less charge transfer, is consistent with the data

when the 12 Pd nearest neighbours carry a charge of ~0.3

(units of |ej) and the 6 U next nearest neighbours carry a

charge of - -0.5 . The signs of these charges imply large

antishielding effects, possibly a result of Friedel-like

oscillations in the screening charge distribution in this

metallic compound.

3.11 Possible Modification of the Bremsstrahlung Monochromator

for use with 50 - 60 MeV Electrons

J.W. Knowles, with T.E. Drake (University of Toronto)

and L. Cardman (University of Illinois)

The high energy limit of the c.w. electron beam, used

by the AECL bremsstrahlung monochromator at the University of

Illinois (PR-P-117:3.14, AECL-6177) has been increased

recently from 13 to 60 MeV. With a c.w. beam of 50 - 60 MeV

electrons one can do electron bremsstrahlung coincidence

experiments which can give unique information about nuclear

photon decay from electro-excited levels, as described by

D.F. Hubbard and M.E. Rose, (Nucl. Phys. 84_ (1966) 337) and

by D. Drechsel and H. Uberall (Phys. Rev. 181 (1969) 1383).

In order to adapt the AECL monochromator for such

measurements one need only increase the magnetic field limit

of the 180° spectrometer. This can be done without saturating

the magnet iron by increasing the current in the magnet coils,
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by replacing the present No. 12 gauge copper air-cooled

coils by standard, 1/4 inch O.D., 1/8 inch I.D., copper

tubing which can be water-cooled,

3.12 The Deuterium Photodisintegration Experiment

E.D. Earle, M.A. Lone and J.W. Knowles, with A.B. McDonald

and J.J. Hill (Nuclear Physics Branch)

Work is proceeding on the experiment described in

PR-P-119:2.2, AECL-6366 and PR-P-120:2.5, AECL-6452.

We have been successful in producing electron

currents of 10 yamp by photoemission from GaAs crystals

using a low power He-Ne laser. This corresponds to a

photoefficiency of about 0.1 electrons per photon which

should produce currents in excess of 10 m amps with com-

mercially available c.w. lasers.

Machining for the ion source system required to

produce electron beams at 65 keV for injection into

the E.T.A. (Electron Test Accelerator) is in progress.

Optical equipment for rapid switching of the polarization

of the light incident on the GaAs crystal has been ordered.

Design work for a bremsstrahlung production target consisting

of a thin tungsten foil cooled by a high velocity water

stream has been completed.

Measurements of the neutron and yray fluxes and

energy distributions from a prototype D»O target are in

progress. These measurements will be compared with Monte

Carlo calculations.

3.13 N4 - External Thermal Neutron Beam Facility

M.A. Lone and W.M. Inglis

Preliminary (n,a) and (n,p) reaction

studies were carried out. Tests with Ni, Li and B
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samples show almost no background in the pulse height spectra

above 1 MeV particle energy. Below 1 MeV an exponentially

increasing background was observed. This was probably caused

by X-rays from the sample and its backing material. Different

backing materials were investigated and so far Be has been

found to be the best. With Be backing, particles above

500 keV can be detected.

A new data acquisition system, ND6660, has been in-

stalled to replace the obsolete PDP5 and ND3300 systems used

for the (n,y) data acquisition. The new computer has the

capability to control several experiments at once and to

provide rapid on-line analysis. The ND6660 is being coupled

to the main CRNL computer centre and to the Nuclear Physics

PDP10 computer for bulk data processing. The software for

the ND6660 also includes a nuclide identification package

having applications for non-destructive assay of mineral

samples. Measurements of the Ni(n,p) cross section and

further work on the radiative neutron capture cross sections

of Zr isotopes are underway.

3.14 Parity Mixing in 21Ne

E.D. Earle et al.

See PR-P-121:2.3 .

3.15 Reactor Beam-Hole Use

G. Dolling and H.F. Nieman

The Guelph University spectrometer was shut down

during the period, while awaiting planned modifications.

The McMaster University facilities were in operation about

80% of the available time. The C2 fast-neutron chopper

shutdown continued. A breakdown of the disc drive unit of

the PDP-8 computer caused a 10-day shutdown of the L3 and N5

spectrometers. This explains the unusually low utilization

of these spectrometers, as listed in the following table.
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Beam Hole No. of No. of No. of Efficiency
Experiments Participating Participating (% of available

CRNL non-CRNL reactor operating
scientists scientists time used for

experiments)

85

95

97

77

80

78

Total reactor operating time was 75 days.

3.16 Supply and Servicing of Semiconductor Detectors and Systems

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

One of the high-purity Ge double diode detectors

supplied to Reactor Control Branch was removed from its

original cryostat and remounted in a new one to provide a

different counting geometry. Another detector system from

Reactor Control Branch was severely damaged by decontamina-

tion measures. The diode had to be remounted, the cold

finger repaired and the preamplifier replaced. A

Pickering-type feeder-scanner detector was repumped and

tested for measurements at the ETA by Nuclear Physics Branch

and Section II.

Problems with two commercial Ge(Li) systems in

System Materials Branch were investigated. These were

corrected by modification of the amplifiers to give longer

time constants and by the loan of two high-voltage supplies.

A satisfactory photon-drag detector was made for

Physical Chemistry Branch from recently acquired germanium

of suitable resistivity.
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3.17 Gas Counters

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

Two lower pressure HP-7 He counters

(0.15 MPa 3He +0.2 MPa Kr) showing good resolution

were provided to Section I. A higher pressure HP-7

was returned because it gave a high background; this

is still being investigated. A new low background

proportional counter with E.n anticoincidence guard

designed for Environmental Research Branch has been

built and is ready for assembly and testing,

3.18 Detector Grade CdTe Synthesis

H. Schmeing and R.J. Toone

The commissioning of the new station for CdTe

processing (PR-P-119:3.20, AECL-6366) had been delayed

because of the manufacturer's difficulties with the

delivery of the hydrogen purifier. The instrument has

just arrived, and is presently being installed; a

hydrogen exhaust vent has been provided. We expect the

synthesis of detector grade CdTe to be resumed shortly.

3.19 Photoconductivity Measurements of CdTe

R.G.C. McElroy, W.F. Slater and R.J. Toone

The construction of the second version of the

marginal oscillator for contactless photoconductivity

measurements (PR-P-119:3.23, AECL-6366) is now complete.

An evaluation of the performance of this instrument is

underway.

Room temperature measurements of the decay of

the photoconductivity in some samples of CdTe has con-

firmed the existence of a very long effective time
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constant. This time constant appears to be too long to be

readily explained on the basis; of a simple trapping model.

It may be indicative of large scale spatial fluctuations

of the potential within the crystal. The implications of

this possibility are currently being investigated.

To allow automatic data collection an interface has

been constructed to control the monochromator and light

source. With this arrangement the experiment can run un-

attended under the control of the Section's "Success I"

system.

3.20 Cutting GaAs Targets

R.J. Toone

A device has been constructed for precisely and

reproducibly machining discs from slices of GaAs without

damaging the polished surface. (These are the photocathodes

in the polarized electron source for the deuterium photo-

disintegration experiment, PR-P-119:2.2, AECL-6366;

PR-P-121:3.12, AECL-6530.) An x-y-z manipulator was set up

to position the nozzle of an Airbrasive cutter with respect

to a rotating table. Samples are mounted on the table with

wax which also serves to protect the polished surface from

scattered abrasive.

3.21 Glassblowing Services

J.G. Wesanko and M.A. Gulick

go

The standard glass parts for the Mo extraction

system are now being obtained by Chemical Operations Branch

from a commercial supplier. This arrangement will allow

the glassblowing shop to provide more experimental and
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prototype equipment for other branches. Sufficient stock

is being kept on hand to provide emergency units or repairs
99

for the Mo operation.

Two hydrogen-burning systems for hydrogen-water

vapour-phase studies were modified for General Chemistry

Branch. Five 85-cm water-cooled columns for catalyst

lifetime studies were constructed for Physical Chemistry

Branch. The reaction volume apparatus and gas-flow system

for the infrared laser was rebuilt for Physical Chemistry

Branch. Ten sample holders were constructed for high

temperature stress corrosion cracking experiments. These

units for Fuel Engineering Branch incorporated break-seal

ampoules and glass-enclosed magnets for the introduction of

iodine into the systems.

3.22 Machine Shop Services

A.H. Hewitt and H.C. Spenceley

During the review period, major items completed in

Bldg. 459 shop included modifications to the y~ray mono-

chromator (now in use at the University of Illinois) and

manufacture of ancillary equipment for two new Cryogenics

Associates cryostats. Several small jobs were carried out

for CDC maintenance staff. About 65% of Bldg. 116 shop time

was devoted to Nuclear Physics Branch jobs, mostly concerned

with the on-line isotope separator and ion source. Certain

storage areas were reorganized in order to provide two more

rooms for the Environmental Authority.

3.23 T =-1, A = 4n Nuclides

H. Schmeing et al.

See PR-P-121:2.16.

3.24 Atomic Pair Correlations in Liquid Helium

E.C. Svensson, C.P. Martel et al.

See PR-P-121:4.3.
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3.25 Precision Mass Measurements

H. Schmeing et al.

See PR-P-121:2.18 .

3.26 Beta-Neutrino Correlations from the Kinematic Shift

of Beta-Delayed Particles

H. Schmeing et al.

See PR-P-121:2.19 .

3.27 Ion-Source Development for the On-Line Separator

H. Schmeing, R.J. Toone et al.

See PR-P-121:2.20 .

3.28 The On-Line Isotope Separator

H. Schmeing et al.

See PR-P-121:2.21 .

3.29 Publications and Lectures

Publications

MAGNETIC INCOHERENT ELASTIC SCATTERING FROM AN
ANTIFERROMAGNETIC CrFe ALLOY
T.M. Holden and E. Fawcett
J. Phys. F 8_ (1978) 2609
Atomic Energy of Canada Limited publication AECL-6255

PHONON DISPERSION IN Co0 92
Fe0.08

E.C. Svensson, B.M. Powell, A.Ô.B. Woods and W.-D. Teuchert
Can. J. Phys. 57_ (1979) 253
Atomic Energy of Canada Limited publication AECL-6395
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TEMPERATURE DEPENDENCE OF ACOUSTIC MODES IN KNbO3 NEAR
THE ORTHORHOMBIC-TETRAGONAL PHASE TRANSITION
M. Fontana, C. Carabatos, G. Métrât and G. Dolling
Solid State Communications 28 (1978) 887

DEAD-TIME, DECAY, AND BACKGROUND CORRECTIONS
J.G.V. Taylor
in "A Handbook of Radioactivity Measurements Procedures",
Report #58, Section 2.7, pp. 54-67, NCRP, Washington, 1978

Lectures

MAGNETIC INCOHERENT ELASTIC SCATTERING PROM AN
ANTIFERROMAGNETIC CrFe ALLOY
T.M. Holden and E. Fawcett
16th Annual Conference on Solid State Physics,
Warwick, England
January 3, i979

MOLECULAR ORIENTATION IN PLASTIC CRYSTALS
G. Dolling
Los Alamos Scientific Laboratory, Los Alamos, New Mexico
January 18, 1979

INELASTIC AND ELASTIC INSTABILITIES IN THE SPIN DYNAMICS
NEAR MAGNETIC PHASE TRANSITIONS
W.J.L. Buyers
Université de Sherbrooke, Sherbrooke, P.Q.
January 25, 1979

NEU f "\ INVESTIGATIONS OF THE DISORDER AND
DYN. 1 CRYSTALS
B.M. t^-v
McMaster Un. L.tilton, Ontario
February 5, ^-.

MOLECULAR ORIENTATION IN PLASTIC CRYSTALS
G. Dolling
University of Winnipeg, Winnipeg, Manitoba
March 8, 1979
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NEUTRON SCATTERING STUDIES OP SPIN WAVES AT MAGNETIC
PHASE TRANSITIONS
W.J.L. Buyers
Queen's University, Kingston, Ontario
March 29, 1979

The lectures above may not be available in print.
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THEORETICAL PHYSICS BRANCH

G.E. Lee-Whiting

4.1 Staff

4.2 2 3 3u Breeding in Fusion-Reactor Blankets

4.3 Atomic Pair Correlations in Liquid Helium

4.4 Inelastic Scattering Effects in Neutron Diffraction
by Liquid Helium

4.5 Penetration of Heavy Ions in Solids

4.6 The Nuclear Force in the Quark Model

4.7 The Inertia Parameters of Rotational Nuclei as
Functions of the Spin-Orbit Force

4.8 Corrections to the Deuteron Magnetic Moment

4.9 Meson-Exchange Currents in Thermal n-3He Radiative
Capture

4.10 Beta-Delayed Two-Neutron Emission from !1Li

4.11 Quantum Chromodynamics and the Renormalization Group

4.12 Interaction of Plasma with Intense e -Beam

4.13 Background y-Spectrum in y+d^-p+n

4.14 Search for KOD Radiation in Heavy Ion Collisions
P p

4.15 Calculations of Magnetic and Quadrupole Moments of
High Spin Yrast States

4.16 Reports, Publications, and Lectures
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G.E. Lee-
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Khanna
Kushneriuk
Lee
Sears
Towner

K•B. Winterbon

Visitor

M.G. Vassanji (1)

Secretarial Staff

M.E. Carey

NRC Post-Doctoral Fellow; from the University of
Pennsylvania, arrived September 18, 1978
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4.2 U' Breeding in Fusion-Reactor Blankets

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

233
Neutronic evaluations are being made of the u

breeding potential of DT fusion reactors whose blankets con-

tain thorium. The evaluations are done in two stages. In the

first stage a "master" blanket that is representative of a

particular class of blanket-material arrangements that are of

interest is evaluated, using the neutronics code ANISN with

100 neutron energy groups spanning the energy range 14.9 MeV

to thermal energy. The neutron cross-section requirements for

this evaluation are prepared by the code SUPERTOG (PR-P-110:4.2

(AECL-5546)) from neutron data in the ENDF/B-IV files. A group-

collapsing feature in ANISN is used in this "master" case run

to produce a 24-group cross-section set; then, in stage 2,

24-group ANISN calculations are performed to study the effects

of specific variations in blanket configurations.

The systems studied have spherical and cylindri-

cal symmetry. Effects of varying the fertile-fuel composition

(Th-metal, The, ThO_), changing coolants (gas, Na, D?0' H 2 0 ^ '

and introducing neutron multipliers (lead, beryllium, depleted

uranium) into the blankets, are considered. For the systems
233

evaluated so far the U breeding per fusion event has been

found to be in the range 0.50 - 0.76; the tritium breeding in

all cases is close to 1.1.

4.3 Atomic Pair Correlations in Liquid Helium

V.P. Sears, with E.C. Svensson and C.P. Martel (NSSP Branch)

The neutron diffraction experiments described

elsewhere in the present report (PR-P-121:3.8 (AECL-6530))

are being analyzed with the help of the program library ATMLIB

(PR-P-120:4.4 (AECL-6452)) to determine the static structure

factor, S(Q), and hence the atomic pair correlation function,
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g{r), for liquid helium. In the current program-development

stage only the results at T = 4.22 K are being considered.

However;' data have been obtained at 11 different temperatures

from 1.0 to 4.22 K, all of which will be analysed shortly.

To obtain S(Q) from the observed scattering

data, one must first correct for fast-neutron background,

empty-cassette scattering, various absorption and shielding

effects, multiple scattering in the specimen, inelastic scat-

tering, detector efficiency and normalization. The resulting

S(Q)-curve exhibits random fluctuations due to counting sta-

tistics the effect of which is removed with the help of the

AELIB subroutine SMOOTH. Finally, the smoothed S(Q) is Fourier

analysed to obtain g(r). Our preliminary results at 4.22 K

are consistent with earlier X-ray work at this temperature.

4.4 Inelastic Scattering Effects in Neutron Diffraction by Liquid

Helium

V.F. Sears

Among the various data corrections mentioned in

the preceeding section, the correction for inelastic scatter-

ing requires special consideration. The conventional method

for making this correction (Placzek, Phys. Rev. 86(1952)377)

is based on an expansion in powers of I/A, vhere A is the mass

number. The Placzek expansion works well for heavy atoms

but not helium. We have developed an alternative method,

based on a simple model for the dynamic structure fac -

tor, S(Q,u>), in which the correction for inelastic scattering

is obtained in closed form with an accuracy of better than 1%

for the present experimental conditions.
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4.5 Penetration of Heavy Ions in Solids

K.B. Winterbon

Calculation of reflected-particle flux from a

semi-infinite medium, starting from the flux distribution in

an infinite medium (PR-P-120:4.5 (AECL-6452)) was found not

to be feasible at present. It appears that values of flux at

the surface can not be deduced with enough accuracy from the

depth moments of the flux.

In calculating recoil implantation distributions

it is necessary to construct two-dimensional densities from

their moments. Several methods were investigated, but none

could be made to work satisfactorily. This problem has been

put aside for the time being.

Measured values of range straggling for moderately

low-energy ions seem almost always to exceed the calculated

values. Earlier calculations have indicated that this increased

relative straggling is unlikely to come from a modification of

the potential. It was decided to see if the extra straggling

could be caused by changes in the nuclear scattering resulting

from fluctuations in the state of charge of the ion; a program

was written to calculate the interatomic potential between any

two ions (or atoms) from the free-ion charge densities, and to

calculate the cross section from this potential. In the example

chosen, &l ions on Ar atoms, there was negligible difference

between the cross sections for A£ and hi when the extra elec-

tron was taken from the 3s shell and only about 5% difference

v/hen it was taken from the 2s shell. Thus it seems unlikely

that charge-state straggling contributes appreciably to the

straggling in the nuclear-stopping regime. (The potential cal-

culated in this way has irregularities where shells overlap,

giving peaks in the cross section. These peaks do not appear

to be correlated with peaks in the cross section observed by

Loftager (Aarhus University, unpublished work), so the relia-

bility of the potential is in doubt. A smoothed fit to the

potential was used in estimating charge-state effects.)
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4.6 The Nuclear Force in the Quark Model

M. Harvey

This study is a continuation of one reported

earlier (PR-P-120:4.9 (AECL-6452)). Quarks have a property

(referred to as "color") which for the fundamental strong

interaction is analogous to the electric charge for the elec-

tromagnetic interaction. Objects without color (e.g. leptons)

do not interact strongly. All observed hadrons are assumed

to be collections of quarks without any residual color in

analogy to the "chargeless" state of a neutral atom. Thus at

large distances hadrons behave like leptons and do not inter-

act strongly. At small distances the color distribution within

hadrons becomes apparent and a residual force will be generated:

for nucléons this is the nucleon-nucleon interaction, Thus

the binding of nucléons into nuclei is analogous to the binding

of (neutral) atoms into molecules: in neither case is the

force fundamental but arises as the complex residual effect of

the fundamental forces involved i.e. the strong or electromag-

netic respectively.

We have attempted to reproduce the known charac-

ter of the effective nucleon-nucleon potential by treating the

di-nucleon system as six quarks (each nucléon containing three

quarks). Calculational procedures are similar to those familiar

in low energy nuclear physics (e.g. the use of fractional paren-

tage techniques) with the added complication of color. We

have succeeded in recognising the deuteron "channel" in this

six quark model as well as in identifying the origin of meson

exchange at large distances. It is interesting to note that

the model suggests that the S-state of the deuteron might

have a node: the nodeless state is to be associated with

s genuine six quark resonance that cannot be divided into

colorless triplets. Work continues.
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4.7 The Inertia Parameters of Rotational Nuclei as Functions of

the Spin-Orbit Force

M.G. Vassanji and M. Harvey

A model of rotational nuclei, consisting of

nucléons moving in a deformed oscillator well, has been

studied. The angular momentum in this model is generated by

cranking the nucleus along three axes, and inertia parameters

are defined from the functional dependence of the angular

momentum components on the cranking (angular) velocities; the

equilibrium shape is determined from the condition that the

nuclear density has the same shape as the potential well in

which the nucléons move.

The inertia parameters have been investigated as

functions of the strength of a residual spin-orbit force

between the nucléons, for the specific case of the nucleus
24

Mg. As expected, the asymmetry of this nucleus tends to

decrease as the strength of the spin-orbit force is increased.

The more detailed behaviour of the inertia parameters and the

dependence of the excitation (rotational) energy on these para-

meters are still being investigated.

4.8 Corrections to the Deuteron Magnetic Moment

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

Corrections to the deuteron magnetic moment have

been calculated in second-order perturbation theory using a

harmonic-oscillator basis and a S initial state. These correc-

tions arise from the residual force between two nucléons in an

oscillator well as well as from meson-exchange corrections to

the magnetic-moment operator. The contribution from the inter-

mediate D-states gives a measure of tha D-strte in the deuteron

wavefunction. The D-state probability and the meson-exchange
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corrections calculated this way are both much smaller in mag-

nitude than the values resulting from other calculations

based on different methods. An exact calculation is there-

fore being carried out using the G-matrix formalism.

4.9 Meson-Exchange Currents in Thermal n- He Radiative Capture

I.S. Towner and F.C. Khanna

Using Gaussian wavefunctions, assuming a corre-

lation function of 0.5 fm range, and including a finite D-

wave component in the He ground state wavefunction, we obtain

a cross-section of 38 ub for radiative n- He capture at ther-

mal energies arising from one-ir, one-p and one-w meson-exchange

currents. The experimental value is 60 ± 12 yb. Although the

D-wave is typically only 9% of the He wavefunction, its con-

tribution to the meson-exchange calculation is comparable with

that of the S-wave. We find the p-exchange contribution to be

important. If an enhanced pNN-coupling constant is used (viz.

K =6.6 rather than K = 3.7 of the vector dominance model),

the p-contribution to the matrix element increases roughly by

a factor of three and the capture cross-section is enhanced

to 52 ub.

The principal uncertainty in the calculation

arises in the neutron scattering wavefunction. The uncertainty

in the triplet scattering length and effective range leads to

an estimated error of 10-20 yb in the calculated cross-section.

4.10 Beta-Delayed Two-Neutron Emission from Li

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

Recently (R.E. Azuma et al., Vllth Int. Workshop

on Gross Properties of Nuclei and Nuclear Excitations, Hirschegg,

Austria) it was reported that the first example of g-delayed
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two neutron emission has probably been observed, i.e.

The Be excited state involved is the known 8.84 MeV level

lying about 1.5 MeV above the two-neutron threshold. A

singles energy spectrum of neutrons has been measured follow-

ing the decay of Li. There are several discrete neutron

groups corresponding to ordinary 3-delayed single-neutron

emission leading to bound low-lying states in Be. In addi-

tion there is a broad continuum ranging up to about 1.5 MeV

attributed to two-neutron emission. The present study is

aimed at understanding the shape of this continuum, and test-

ing its sensitivity to n-n scattering parameters.

Using Faddeev equations for three-particle scat-
9

tering ( Be is taken to be an elementary particle), a calcula-

tion of the energy spectrum of neutrons in the decay of a

state with definite spin and parity is being carried out. The

effect of final state interaction is being included by using

on-shell scattering amplitudes between pairs of particles in

the scattering-length or in the effective-range approximation.

Since the total available energy in the centre of mass system

is small, these approximations should give a reasonable esti-

mate of the scattering between any pair of particles. Correc-

tions for rescattering effects in second order will be

estimated.

4.11 Quantum Chromodynamics and the Renormalization Group

H.C. Lee

In the last several years very substantial pro-

gress in our understanding of physics have been made due to

the advent of quantum chromodynamics (QCD) as a possible

theory for strong interaction, and the development of the

renormalization group technique as a calculational scheme.
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Two of the major successes of QCD in two seemingly divergent

fields are the explanation of the properties of the nucléon

structure functions at very high momentum transfer (asymptotic

freedom) on the one hand and the theoretical deduction of the

long-observed AI = «• selection rule in the non-leptonic decays

of hyperons on the other hand. We are using the methods of

QCD to further investigate the relation between the weak neu-

tral current and the weak NNir coupling constant (PR-P-120:4.7

(AECL-6452)).

4.12 Interaction of Plasma with Intense e -Beam

H.C. Lee

Simplistic application of the anomalous stopping

power (PR-P-120:4.8 (AECL)6452)) to more recent experimental

data on beam-plasma interaction has revealed that the initial

success in understanding the data of the Altyntsev experiment

(JETP _T3 (1971)139) was probably fortuitous, because similar

agreement is not found in other cases. However, this does not

rule out the possibility of the anomalous stopping power being

an important mechanism in beam-plasma interaction. Rather, a

more detailed and sophisticated analysis of the data in terms

of plasma instabilities and their growth rates is called for.

4.13 Background y-Spectrum in y+d ->• p+n

H.C. Lee

The Monte Carlo program developed previously

(PR-P-106:4.9 (AECL-5226)) was modified and used to study the

spectrum of y-rays scattered out of a thick D_0 target. This

information will be useful in determining the D_0 target size

and the geometry for the neutron-detectors in the planned

parity-violation <

2.2 (AECL-6366)).

parity-violation experiment based on y ,+d •+ p+n (PR-P-119:
pox
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4.14 Search for Kgp Radiation in Heavy Ion Collisions

W. Lennard, I.V. Mitchell (Solid State Science), G. Ball

(Nuclear Physics) and H.C. Lee

See PR-CMa-48:1.2.1 (AECL-6538).

4.15 Calculations of Magnetic and Quadrupole Moments of High

Spin Yrast States

O. Hausser (Nuclear Physics) and V.J. Vassanji

See PR-P-121:2.13 (AECL-6530).

4.16 Reports, Publications, and Lectures

Publications

ANALYTICAL CALCULATIONS OF SOME ION-IMPLANTATION DEPTH DIS-
TRIBUTIONS
K.B. Winterbon and J.B. Sanders
Radiation Effects 39(1978)39

ION-IMPLANTATION DISTRIBUTIONS IN NON-UNIFORM TARGETS:
PROJECTED RANGE
K.B. Winterbon
Radiation Effects 39(1978)31

LIFETIME MEASUREMENTS IN 2?Ne, 28Si and 31P RELEVANT TO THE
INTERPRETATION OF THE Z VARIATION IN LOW VELOCITY DSAM RESULTS
J.S. Forster, T.K. Alexander, G.C. Ball, W.C. Davies, I.V.
Mitchell and K.B. Winterbon
Nuclear Physics A313(1979)397

MAGNETIC COMPTON SPECTROMETER FREE OF SECOND-ORDER ABERRATION
G.E. Lee-Whiting
Nuclear Instruments & Methods 15 9(1979)61

QUENCHING OF ALLOWED GAMOW-TELLER BETA-TRANSITIONS IN MIRROR
NUCLEI
I.S. Towner and F.C. Khanna
Physical Review Letters 42(1979)51

DYNAMIC RESPONSE OF THE FLUORIDE ION-SELECTIVE ELECTRODE
R.C. Hawkings, L.P.V. Corriveau, S.A. Kushneriuk and P.Y. Wong
Analytica Chimica Acta, 102(1978)61
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5.1 Staff

Section I:

Branch Head:

Systems

Head:
D. McPherson

Programmer/Analysts :
J.A. Edgecombe
L.D.J. Hansen (1)
J.F. Steljes
C.J. Tanner

Programmers :
E.A. Okazaki
M.A. Peterson (2)

Section II: Operations

Head:
G.N. Williams

Programmer/Analyst :
B.B. Ostrom

Operations Supervisor:
P. McGandy

Operator Supervisor:
A.A. Laroche

D. McPherson

Section III: Mathematical
Services and Applications

Head:
J.M. Blair

Mathematical Analysts:
G.H. Keech
W.N. Selander

Programmer/Analysts :
M.B. Carver
L.E. Evans
P.Y. Wong

Programmers :
K.R. Chaplin
K.D. Clark
E.G. Long
B.V.
D.G.
P.L.

Riff
Stewart
Ragde

(6)

(7)

Secretarial Staff

K.F. Barnard

Computer Operators :
K.M.
M.H.
L.P,
M.E.
C M.
N.E.
D.L.

Bj arbo
Burke

L. Cybulski
Edwards
Hepburn
Oelke
Roach

M. Robertson
L.J.
H.D.

Sutton
J. Zdrazil

(1)

(2)
(3)
(4)
(5)
(6)
(7)

(3)

(4)

(5)

One-year assignment (1978 September to 1979 August) at
Hahn-Meitner Institute, Berlin, Federal Republic of
Germany.
Joined branch 1979 January 8.
Transferred to Finance Division 1979 January 29.
Maternity leave 1979 February 5 to June 1.
Temporary employee, joined branch 1979 January 29.
Terminated 1979 February 28.
Waterloo student, joined branch 1979 January 4.
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5.2 CDC CYBER 170/6600 System

(i) Operating System and Programming Languages

(a) QUERY UPDATE

C.J. Tanner

A permanent file version of QUERY UPDATE 3.2 has

been successfully prepared. This version includes correc-

tions for a number of errors that existed previously and

uses significantly less CP time and memory.

(b) SPITBOL

H. Keech

Local modifications have been made to SPITBOL,

Version 3.4, and the compiler has been successfully in-

stalled. Increased in-stack processing improves the speed

of this version and some minor errors of previous versions

have been corrected.

(c) Device Independent Graphics System

G.N. Williams and E.A. Okazaki

The pseudo-interactive mode of terminal operation,

which allows users to preview graphical output on graphical

display terminals, is now being supported using a program

called GRVIEW. GRVIEW uses the SEMBEGS/BAGDAMS system to

store and manipulate graphical information. Work is con-

tinuing on two companion programs GRCOPY and GRPROD.

GRCOPY will allow a user to reproduce a display

which has been viewed on one device or any other graphical

output device selected by the user.

GRPROD is a program that will allow a user to

output graphical information on nny supported device, using

it as a production device.
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A new driver, for a Houston Instrument plotter

attached to the Harris remote job entry terminal located at

the AECL Engineeering Company in Toronto, is now complete,

and is ready for installation in the system.

(d) Magnetic Tape Scanning Utiljty

W.J. Irving (Control Data Canada, Ltd.)

A CYBER 170/6600 utility program for scanning a

tape and reporting record lengths, location of tape marks,

parity errors, etc., has been written and added to the

system. This utility will replace the 3300 tape scan

utility for most applications; the 3300 program has become

difficult to run because of competition for memory buffers

from the terminal sub-system.

(ii) Subroutine Libraries

(a) AELIB Modifications

L.E. Evans and D.K. Clark

Major changes have been made to AELIB. New

routines were added, obsolete routines were purged, and

numerous modifications were made to existing routines. The

major improvements were in the following library sections:

1-1 Mathematical and Physical Constants

1-10 Solution of Nonlinear Equations and Function Extrema

1-11 Fitting User Specified Functions to Data

1-16 Integration of User-supplied Functions

1-17 Integration of Ordinary Differential Equations
2-1 Plotting

2-2 Input/Output Routines (except plotting)

2-4 Character and Bit String Manipulation

A complete list of the affected routines was pub-

lished in the Newsletter, Vol. 6, No. 1.

The AELIB Users' Manual, Atomic Energy of Canada

Limited report AECL-6076, has been distributed.
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5.3 CDC 3300 System and Communications System

(a) Remote Job Entry Terminals

J.P. Steljes

Arrangements are being made to allow a number

of dedicated line terminals (at CRNL and other locations),

with only a few hours of work per day, to share a smaller

number of ports. A terminal is connected to a port, when

required, through the Gandalf PACX switching system, and is

disconnected after a period of idleness, freeing the port

for use by another terminal. Four terminals have been converted

so far, but are not yet "sharing" ports since they are still

working with a pool of four ports.

5.4 PDP-10 System

J.A. Edgecombe

The monitor was upgraded during the period,

reducing the frequency of a system failure, and several

system programs were updated to the current release level.

Improvements were made to the cross-assembler

which produces code for the Z80 microprocessor, and work

continued on the microprocessor addition to the display

system.

The data base for the handling of the nuclear

spectra was redesigned, and recoding has begun. The

objective of this work is to reduce the size of data

files, allow archiving of unused spectra, and eliminate some

problems associated with large numbers of spectra.

Four memory units, totalling 65,536 words, were

received from WNRE during the period. Two additional

magnetic tapes and controller, and an additional disk drive

also arrived.
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5.5 Neutron Spectrometer Control System

H. Keech

The spectrometer control program L3MODES, without

the paper tape punching option, has been converted and run

successfully on the DEC PDP 11/34 system.

A FORTRAN program, C5CONTROL, has been written to

test the CAMAC macro routines supplied by Standard Engine-

ering Corporation.

5.6 Tandem - SCC Computer-aided Control System

L.D. Hansen (work carried out at Hahn-Meitner Institute)

(a) System Organization

A report presenting the functional capabilities of

each part of the VICKSI-KS software and the organization of

each module on machine-readable storage has been prepared.

(b) Touch Panel Data Base Application Manual

A manual for touch-panel data base management in

the VICKSI control system has been prepared. The functions

of the touch panel sub-system software are defined in terms

of the data base entries which realize them.

(c) VICKSI-KS Series Reports

Outlines of the documentation of the VICKSI-KS

software have been prepared.

5.7 Transient Response of a Microphone
to a Laser-Generated Sound Pulse

W.N. Selander and K.R. Chaplin

The model of energy deposition has been modified

to include a triangular pulse, a single exponential, and the

difference between two exponentials. Of these, the latter

gives response curves with the most realistic shape, and
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also gave good quantitative agreement when compared with a

particular experimental trace. Additional experiments are

now being analyzed to check the consistency of the model.

5.8 Angular Distribution of Grain Facets
in a Metallographic Section

W.N. Selander

A method is being sought to evaluate the spatial

angular distribution of grain facets from the angular dis-

tribution of their traces in a plane section. Several

authors have already dealt with this problem, but because of

the shape and orientation of the grains in the present case,

the usual assumptions do not apply. The present method

leads to an integral equation involving the angular dis-

tribution of traces in a longitudinal plane, but the equa-

tion has not yet been solved.

This work is being done for C.E. Coleman of

Metallurgical Engineering Branch, in connection with studies

of grain boundary distribution and growth.

5.9 Data Processing System for Analysis
of Fuel Defect Experiments

(i) Modifications to X2FM

E.G. Long

Field tapes originating from the sidestream por-

tion of the X2 reactor loop can now be processed by X2FM,

With X2FM the user may create a mass storage file from a

field tape, edit the tagword portions of this file, create a

tape backup of the file and recreate the mass storage file

from the tape backup. GRAJ-.3 now accesses the mass storage

file rather than the field tapes.
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(ii) SUMRT

H. Keech

SUMRT is the computer code to summarize and dis-

play the results produced by GRAAS (see PR-P-120, 5.6, AECL-

6452) for particular isotopes during the fuel-defect exper-

iment .

Changes have been made in the code to overcome

program failures resulting from certain data anomalies.

Curve smoothing techniques have not yet resolved all the

anomalies in the calculated production rates.

5.10 Differential Equations

(i) Ordinary Differential Equation Integration

M.B. Carver and D.G. Stewart

The testing of integrations, reported in PR-P-120;

5.8 (i); AECL-6452, is now complete. Results confirm the

reliability of the algorithms RKPINT and GEARZ, which have

recently been installed in the AELIB subroutine library and

in the simulation packages FORSIM and MAKSIM. The GEARZ

full matrix analysis option was the only algorithm among 12

tested which did not fail in any of the 42 test cases.

(ii) Computation of Annual Limits of Intake

M.B. Carver, D.G. Stewart and J.R. Johnson
(Medical Research Branch)

The differential equations describing organ

burdens and excretion rates during and following inhalation

exposure to radioactive nuclides have been incorporated in a

package based on FORSIM, which has been used to compile

current and accumulated total doses in individual organs and

systems of the human body. Annual limits of intake for

members of the public have been established for some 200
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radionuclides. These can be used in the derived release

limit calculations for AECL sites required for licensing

purposes.

(iii) Computation of Molten Boundary Migration

M.B. Carver and W.N. Selander

The model (PR-P-120; 5.8(iii)? AECL-5462) now

gives satisfactory results in comparison to the ELESIM code.

Transforming the boundary constraints from algebraic form to

differential equation form leads to a solution in consid-

erably less computing time.

5.11 Chemical Reaction Simulation

(i) Mass Action Kinetics Simulation

(a) The MAKSIM Program

M.B. Carver and K.R. Chaplin

The documentation (Atomic Energy of Canada Limited

report AECL-6413) of the mass action kinetics simulation

package MAKSIM has been completed. The program implemented

on the CRNL computer system runs in a dynamic storage mode,

adjusting the memory requirements to match the problem at

hand. A fixed-memory version suitable for use in other CDC

computer sites without PORTRAN-callable memory adjustment

routines has also been developed and tested.

(b) Comparison with Experimental Data on Radiolysis

M.B. Carver, A.W. Boyd (Physical Chemistry Branch)
and R.S. Dixon (WNRE)

Results of MAKSIM calculations of the radiolysis

of water at var5 "ÎUS dose rates and pH levels agree satis-

factorily with several sets of experimental data. The

comparisons are discussed in a paper which has been sub-

mitted to Radiation Physics & Chemistry.
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(ii) Chemical Equilibria - Corrosion Modelling

M.B. Carver, K.R. Chaplin and P.V. Balakrishnan
(System Materials Branch)

The study of modelling corrosion phenomena in

steam generators, mentioned in PR-P-120; 5.7(ii); AECL-6452,

continues. A suitable model of the water chemistry in steam

generators is sought, and a reliable, stable method for

solving the equilibrium equations is required. The equil-

ibrium equations reduce to a set of nonlinear algebraic

equations for which a solution compatible with the relevant

constraints is sought. Because of the multiplicity of

solutions valid in the absence of constraints, the solution

procedure is extremely sensitive, and is prone to insta-

bility.

A kinetic method, in which the equilibrium solu-

tion is approached by integrating the associated differ-

ential equations, behaves in a more stable manner. While

the reaction rate constants required for the kinetic equa-

tions are mostly unknown, a procedure for obtaining a pair

of effective reaction rate constants from each known equi-

librium constant has been devised and normalized in such a

way that chemical reactions are effectively instantaneous in

comparison to the times for changes in flow rates in the

system. The procedure can also handle the formation of

precipitates, a process which introduces discontinuities to

the differential equation system.

Methods for handling the normalization process and

for treating discontinuities have now been implemented

successfully and solutions obtained which agree with the

equilibrium solutions for cases in which the latter are

stable. Although the kinetic method requires about 30% more

computing time than the equilibrium method, it has not

failed to give a solution for any cases studied.
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Also the kinetic formulation allows MAKSIM to be

used for calculations ; the additional programming required

is the computation of the pseudo-chemical reaction parameters

from the parameters of the steam generator model.

5.12 Thermal Hydraulic Simulation

(i) Two-phase Flow in an Elbow

M.B. Carver, K.R. Chaplin and D.A. Scott
(Engineering Research Branch)

The equations describing transient two-phase

flow in a large radius elbow have been formauited suitably

for solution by FORSIM. Steady state solutions will be

obtained in an attempt to assess the separation of phases due

to the change in direction. Calculations will be compared to

an experimental program underway.

(ii) Steam Generator Simulation

M.B. Carver, D.G. Stewart, W. Inch and B. Carlucci
(Engineering Research Branch)

A preliminary assessment of the Boss thermal-

hydraulic code for steam generator simulation is complete.

The objective of the review is to optimize memory usage.

It appears that the current design of the code

does not leave much opportunity for saving storage, and an

alternative program structure is being considered.

(iii) Thermal Analysis

M.B. Carver, D.G. Stewart and w. Pettipas
(Process Systems Design Branch)

The TRUMP program is being used for thermal

assessment of spent fuel shipping casks. A problem with

plotting TRUMP results was isolated and corrected.
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5.13 Approximation of Special Functions

(i) Recomputation of Rational Minimax
Approximations to Phase Functions

P.L. Ragde and J.M. Blair

Previously reported modulus-phaie approximations

of the form f(x) = M(x)cos(9(x)) or f(x) = M(x)sin(9(x)),

compute the phase function tG an accuracy proportional to

the argument as generally 9(x)^x for x large. On a sug-

gestion from H.C. Thacher, Jr., investigations into the

behaviour of these forms near zeroes of f(x) were conducted,

and it was found that computing the phase function to

relative accuracy resulted in the retention of 2N+2 sig-

nificant digits at a zero of order 10 , as opposed to N+l

digits for the previous form. This reduces the neighbour-

hood of loss of accuracy about a given zero z to width O.lz" .

Approximations to the Bessel phase functions referred to in

PR-P-115, 5.8, AECL-5966, and the sine and cosine integral

phase functions referred to in PR-P-119, 5.8(i), AECL-6366,

have been recomputed to take advantage of this fact.

(ii) Sievert's Integral

P.I.. Ragde and J.M. Blair

The integral

S(x,6) = fQ

is of use in the study of radiation from rod-shaped filtered

sources. Two infinite series have been developed to enable

computation of this integral to any desired accuracy.

OO

S(x,9) = e"x Z x~{n+1/2)Y(n+l/2, x secG-x)
n=0

1 (l)""k(îiS)

7 7 k'o"^"
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S(x,6) = Ki. (x) - Z x^K JT(-2K-l,x secS)
1 K=0

x ÏÏ ( 2 1 T 1 )

These together cover the range of interest 0 £ 6 <_ TT/2,

0 £ x £ 10. The integral is now being used as a test case

to determine the feasibility of practical rational product

(bivariate) approximation.

(iii) Linear Combinations of Bessel Functions

P.L. Ragde

An asymptotic formula was derived for linear

combinations of the Bessel functions K.(x), K-(x), K,(x).

The formula avoids the cancellation which results from

computing the combination from its component parts as x-*-°°.

The formula is:

L

j

p»q#r

0 = P

(x)

+ q

— 1

; +

? K l '

TT

2ÏÏ

r

t x ) •<

e " x

h q K .

00

n=0

5<x) + r

j n

(8x)nn!

j 1 = 3p + 15q + 35r

j 2 = -15p + 105q + 945r

j^ = 15. [p(3-2k) (5-2k)+q(5-2K) (3+2K)+r(5+2K) (3+2K)]

K-2
. ÏÏ (3-2i)(5+2i), k=3,4,5,...

The result is of interest for the study of the

thermodynamic properties of degenerate relativistic gases
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(iv) Rational Minimax Approximations
for the Sine and Cosine Integrals *

P.L. Ragde

The approximation forms described in PR-P-119,

5.8(i), AECL-6366, for the sine and cosine integrals have

been fully tested. To retain full relative accuracy near

zeroes of these functions, Taylor interpolation about the

zeroes is required. The first 30 zeroes of Si(x) and Ci(x)

have been calculated to 35^ by a multiple-precision arith-

metic package, and an asymptotic formula for the higher-

order zeroes derived in much the same manner as similar work

done on the Bessel functions reported in PR-P-119, 5.8(ii),

AECL-6366. The formulae needed to calculate the zeroes

asymptotically are:

m V
m k = 1 k

where y =s mir for the mth zero of Ci(x)

= (m-l/2)ir for the mth zero of Si (x)

k-1
d k = Bk +

 rl±
 Bk-NC2k-2N+l,N

n
y m=l

i
n (-2k+2-m)

i=l i:

n-k+1
. and d.
i

d̂. _ . i k-l,n-i l,n n

Bk " 2FT

an+l + an

(-1)

bl +

n+1

an-lb2 ••

(2n-l).'

• + a2bn-l b n = (-
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5.14 Stress Analysis Packages

(i) MARC - General

B.V. Riff

No changes were made to the system version of

MARC. A version of MARC using CDC s Fast Dynamic Loader

from the NOS/BE operating system at level 473 was made

available to users. This version of MARC has shown a con-

siderable decrease in the ratio of 10 to CP time required as

compared to jobs run on the current system version.

During this period MARC was used an average of

five tiroes a day.

(ii) TPIPE - General

B.V. Riff

One problem in TPIPE Version 4.1 was reported to

PMB Systems Engineering Inc., resolved by them, and the

necessary change made to the system version of TPIPE.

TPIPE level 4.2 was received from PMB and in-

stalled as a test cycle for users to test.

During this period, TPIPE was used an average of

45 times a day.

5.15 Information Systems

(i) Personnel Radiation Recording System

E.G. Long

Options for the processing of data by employee

number rather than badge number and of data for employees

who have left AECL have been added. (Reference PR-P-120;

5.11(iii); AECL-6452)
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(ii) Data Editing and Reporting Programs

D.K. Clark

Two COBOL programs were written for Finance

Division: a data editing program to produce a new budget

data file from a current file plus a set of modifications,

and a program to sort and report the contents of an in-

surance premiums data file.

(iii) Leave Recording System

C.J. Tanner

This system is still being tested at both CRNL and

the Engineering Company. Modifications were made to sim-

plify processing of leave of absence forms. An open-ended

leave of absence can now be inserted (e.g. for an employee

struck off strength due to illness, etc.) with a second

entry to be made when the end of the leave of absence period

is known.

2335.16 U Breeding in Fusion Reactor Blankets

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

See PR-P-121, 4.2, AECL-6530.
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5.17 Operations

(i) Computer Use by Division

The following table is an analysis of the jobs

processed during the quarter:

COMMERCIAL PRODUCTS

HEAVY WATER PROJECTS

POWER PROJECTS

WHITESHELL

CRNL:

COMPUTING CENTRE

CONTRACTS

TECH. INFORM. UNIV. REL1NS

OFFICE OF THE VICE PRESIDENT

BIOLOGY AND HEALTH PHYSICS

CHEMISTRY AND MATERIALS

PHYSICS

ELECTRONICS INST. AND CONTROL

ADV. PROJECTS, REACTOR PHYSICS

FUELS AND MATERIALS

ADMINISTRATION

MEDICAL

FINANCE

OPERATIONS

MAINTENANCE AND CONSTRUCTION

GENERAL SERVICES

PLANT DESIGN

SPECIAL PROJECTS

OTHERS

NUMBER

0

676

22604

2543

37811

3824

2998

0

2373

3139

4993

1319

10008

12833

467

432

3591

3056

0

66

468

1696

5

14902

OF

( 0

( 0

(19

( 2

(32

( 3

( 2

IS)

( 2

( 2

( 4

( 1

( 8

(11

( o
( 0

( 3

( 2

( 0

( o
( o
( 1

( o

JOBS

.00%)

.59%)

.67%)

.21%)

.91%)

.33%)

.61%)

.00%)

.07%)

.73%)

.35%)

.15%)

.71%)

.17%)

.41%)

.38%)

.13%)

.66%)

.00%)

.06%)

.41%)

.48%)

.00%)

UTILIZATION
SYSTEM

0.

12023,

1209513.

100482.

369023.

111011.

42860.

0.

30836.

83528.

216398.

257132.

282019.

343287.

2648.

4231.

98320.

70662.

IS)

594.

10945.

56799.

102.

3302423.

SECONDS

.00

.16

,90

,09

.99

,92

,53

00

31

96

81

88

52

12

16

19

36

67

00

86

21

17

44

24

( 0.00%)

( 0.36%)

(36.63%)

( 3.04%)

(11.17%)

( 3.36%)

( 1.30%)

( 0.00%)

( 0.93%)

( 2.53%)

( 6.55%)

( 7.79%)

( 8.54%)

(10.40%)

( 0.08%)

( 0.13%)

( 2.98%)

( 2.14%)

( 0.00%)

( 0.02%)

( 0.33%)

( 1.72%)

( 0.00%)
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5.18 Publications, Reports and Lectures

Publications

DYNAMIC RESPONSE OP THE FLUORIDE ION-SELECTIVE ELECTRODE
R.C. Hawkings, L.P.V. Corriveau, S.A. Kushneriuk and
P.Y. Wong
Analytica Chimica Acta, 102 (1978) 61-83.

Reports

MAKSTMA-CHEMI3T: A PROGRAM FOR MASS ACTION KINETICS SIM-
ULATION BY AUTOMATIC CHEMICAL EQUATION MANIPULATION AND
INTEGRATION USING STIFF TECHNIQUES
M.B. Carver, D.V. Hanley and K.R. Chaplin
AECL-6413, February 1978

PSEUDO-CHARACTERISTIC METHOD OF LINES SOLUTION OF FIRST-
ORDER HYPERBOLIC EQUATION SYSTEMS
M.B. Carver
AECL-6531, March 1978

COMPUTING CENTRE NEWSLETTER, Vol. 6, Nos. 1, 2 and 3,
L.E. Evans, Editor.

Lectures

A REVIEW OF SOME SCIENTIFIC COMPUTING ACTIVITIES AT CHALK
RIVER NUCLEAR LABORATORIES
J.M. Blair
Joint Computer Science/Applied Mathematics Colloquim,
University of Western Ontario, 1979 January 19.

NUMERICAL ANALYSIS
M.B. Carver and J.M. Blair
University of Ottawa Master of Engineering Course, MCG-
5138P, 1979 January 10 to March 28; The course topics are:
Errors and Floating Point, Approximation and Interpolation,
Linear Equations and Matrices, Eigenvalue Problems, Ordinary
Differential Equations, Partial Differential Equations,
Fluid Dynamics, Weighted Residuals and Variational Methods,
Finite Element Methods, and Monte Carlo Methods.

FORTRAN IV PROGRAMMING
J.M. Blair
Algonquin College Continuing Education Course 84350
1979 January 22 to April 23.



- 99 -

ACCELERATOR PHYSICS BRANCH

J.S. Praser

6.1 Staff

6.2 Nuclear Power Applications

6.2.1 Injector Test Experiment
6.2.2 Ion Source Development
6.2.3 High Current Test Facility
6.2.4 Electron Test Accelerator
6.2.5 Fertile-to-Fissile Conversion Experiments

at TRIUMF

6.3 Research Applications

6.3.1 Fast Intense Nuetron Source
6.3.2 Heavy-Ion Superconducting Cyclotron
6.3.3 Computer Simulation of Cesium Beam Optics

for the Chalk River Versions of the Negative
Ion Sputter Source

6.3.4 Optical Design of the New Tandem Injector

6.4 Mechanical Laboratory

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

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

BRANCH HEAD!

Professional Staff

C.B.
J.C.
B.G.
L.W.
E.Ac
J.-M
J.D.
S.B.
C.R.
J.A.
R.M.
J.

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

J.

Bigham
Brown
Chidley
Funk
Heighway

;. Helleboid (1)
Hepburn
Hodge

J. Hoffmann
Hulbert
Hutcheon
McKeown
McMichael
Ormrod
Schneider
Schriber (2)
Shubaly
Ungrin

Mechanical Laboratory

J.E.
R.J.
R.J.
N.I.i
D.W.
J.F.

Anderchek
Bakewell
Kelly
G. Labrie
Warren
Weaver

J.S. Fraser

Technical Staff

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

P.J.
W.L.
R.A.
A.E.

F. Bird
Birney
Burton
Campbell
Clements
Cox
Dobbs
Geoffrey
Hohban
Hood
Jones
Kidner
Mahoney (3)
Metivier
Michel
Vokes
Weeden

Laboratory Services

K.T.
J. J.

McKee
Murphy

Secretarial Staff

Mrs. M.A. Trecartin

(1) Attached staff from Centre de Recherches Nucléaires,
67037 Strasbourg, France, arrived 1979 March 27.

(2) Posted to Los Alamos Scientific Laboratory effective
1978 July 10.

(3) Waterloo student, arrived 1979 January 02.
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6.2 Nuclear power Applications

6.2.1 Injector Test Experiment

M.R. Shubaly

Phase I of the Injector Test Experiment covers the

design, construction and commissioning of a preaccelerator

to give a high quality, 50 keV, 0.5 A dc proton beam. Almost

all of the beam line components have been fabricated and all

major components, except the high voltage power supply, are

on hand. Installation of services in the completed air-

conditioned enclosure is underway.

6.2.2 Ion Source Development.

M.R. Shubaly

Development of high-current dc ion sources suitable

for an accelerator breeder is continuing. 4 5 keV, 0.4 75 A

mixed ion hydrogen beams have been run for spark-free times

greater than two hours. Maximum current has been 0.5 A, the

limit of the power supply. Neon, argon and xenon beams have

also been produced.

a) Ion Source Test Stand

The problem of failure of the epoxy band on the

extraction column mentioned previously (PR-P-120, 6.2.2 a);

AECL-6452) has been solved. The bottom stainless steel

flange on the column was flexing under mechanical stress,

causing the epoxy to peel. No failures have occurred since

a thicker flange was installed. A shield has been installed

at the base of the column to prevent material sputtered from

the beam dump from entering the column. It was discovered

that the system ground for the test stand was not adequately

tied to the building ground. This may have contributed to

some of the past problems from spark-induced transients.
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b) High-Current Ion Sources

As noted previously (PR-P-120, 6.2.2 b); AECL-6452),

the filament has caused problems in source operation. One of

the problems has been a loss of emission, similar to that

observed previously on the FINS accelerator. This has been

traced to SF,. being desorbed from the vacuum chamber walls
o

by heating that occurs during high current operation. The

SF had been introduced into the system about a year ago to

study the effect of SF on filaments (PR-P-117, 6.2.1 c);

AECL-6177). Another problem has been loss of the emitting

oxide coating from the filament and subsequent lack of

sufficient emission to run a stable high current arc. Also,

particles of filament coating were ejected into the extraction

region and triggered sparks. Recent changes to the source !

have reduced these problems - the source now operates stably '

using two uncoated filaments run in parallel.

A recent study has shown that the matching of

intermediate electrode canal diameter and anode-intermediate

electrode spacing is critical for proper dc operation. If

the spacing is too small, severe erosion of the nose piece

occurs; if the spacing is too large, the gas flow is very

high. In both cases, the arc is unstable. A suitable

arrangement has been devised.

Comparison of source operation with three apertures

and with seven apertures indicated that, with seven apertures,

the gas pressure in the lower region of the source was too

low. A gas inlet, controlled by a needle valve, was installed

in this region to permit more direct control of the pressure

distribution, with this addition, source operation has

greatly improved. Total gas flow is reduced. This increases

the beam current for a given arc and coil current, reduces

beam interception and x-ray production in the extraction

column and reduces inter-electrode sparking. Filament emission
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requirements have been reduced and filament lifetime greatly

increased.

Half-ampere bear-.': ̂ f mixed ions (limited by the high

voltage power supply) have been run at 45 kV. Although no

lifetime tests have been carried out,. operation for spark-free

periods of more than 2-1/2 hours at 0.475 A have been achieved.

Design current is 0.455 A. A study of beam matching

(selecting the best extraction voltage for a given beam

current) has been carried out. A matched beam is characterized

by (a) sharp definition of the beam edge, (b) minimum beam

diameter (at 0.49 A, the beam is less than 2.5 cm in diameter

25 cm from the extraction plane), (c) minimum radiation

level, and (d) very stable operation. Figure 6.2.2.1 shows

the beam current as a function of beam energy.

Because of the need for high currents of heavy ions

required in heavy ion fusion schemes, the suitability of this

source for heavy ion production was briefly examined. Figure

6.2.2.2 shows beam currents achieved for neon, argon and

xenon. For xenon and argon, the maximum current was limited

by the extraction column holdoff voltage. Source operation

with argon and xenon was more stable than operation with

hydrogen. Operation with neon led to filament damage.

c) Other Studies

The beam simulation code AXCEL was used to study

the optics of the extraction region in the High Current Test

Facility injector column. A potentially deleterious design

error in the geometry of the plasma aperture plate was

noticed and has been changed. This study is continuing.

6.2.3 High Current Test Facility

B.G. Chidley

Work continues on the commissioning of the 3 MeV

100% duty factor proton linear accelerator which will be used
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to study problems associated with the low energy portion of

an accelerator for an accelerator breeder.

a) Injector

J. Ungrin

Beams up to 20 mA were extracted from the 7-electrode

3.1 MV/m column. At these beam currents reliability was

somewhat better than that found with the 10-electrode

structure. This experiment indicates that for high current

columns the selection of total gap voltage is not a critical

parameter.

The accelerating column was operated for an

extended period with resistor bleed chain currents of 2.25 mA

and 0.25 mA. No difference in the arcdown rate (̂  0.6/h)

was found for the two values which represent respectively

^ 35% and 4% of the column current. Earlier experiments
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carried out at 20 mA (J. Ungrin, J.H. Ormrod and W.L. Michelf

Atomic Energy of Canada Limited, Report AECL-5303 (1976))

showed similar results with resistor chain bleeds of 0.5 mA

and 0.13 mA. Distortion of the potential distribution along

the column by beam interception on the electrodes is there-

fore not a contributing factor to the arcdown rate. Only

very small i.e. ^ 10-20 yA spills on the high energy portion

of the column electrodes are believed to generate sufficient

x-rays to trigger a voltage breakdown.

The 7-electrode 3.1 MV/m accelerating structure

has been dismantled and the 2.1 MV/m electrode assembly has

been installed. The column has been voltage conditioned but

no beams have yet been accelerated.

b) The rf System

J.C. Brown and B.G. Chidley

When the liquid freon cooling system became

operational, high power commissioning of the RCA triode

A15039 was resumed but was terminated several weeks later

when it was concluded that the tube was gassy and that

further effort would not correct the problem.

The presence of internal gas is evidenced by a

power fade during operation as reported earlier in PR-P-113,

6.2.1 d) (AECL-5802). The fade is attributed to loss of

filament emission by poisoning or ion bombardment damage.

During early operation, emission loss was readily recover-

able by application of normal or somewhat greater than normal

filament power until sufficient thorium migrated to the

filament surface. Later, the rate of power fade increased

and the extent of recovery decreased indicating that filament

damage was becoming more extensive.

Several methods of gas conditioning were explored,

at first in an attempt to clean up residual or evolved gas
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and later when it became apparent that a small leak exists,

to identify the source of the leak. The latter was not

successful because the leak is very small and its effects

are masked by re-evolution of gas from tube surfaces.

The possibility that early operation of the input

resonator in the TEM-2 mode damaged the filament surface by

overheating, was investigated. Measurements of the change

in filament resistance resulting from heating by rf resonator

currents showed this effect to be very small. Ideally, for

the TEM-2 mode a current maximum would be expected in the

centre of the active or filament region. However the measured

response is readily explained by an analysis of the input

resonator. Calculations showed that a small displacement

of one of the tuning plungers would shift the current maximum

(voltage minimum) for the TEM-2 mode well outside the heated

portion of the filament. Hence by adjustment of the plungers

for maximum drive and rf output as was our practice, it is

possible to obtain a grid voltage on the active region which

is both large and of coherent phase.

The tube is known to be prone to a parasitic

oscillation if operated at insufficient drive (by Daresbury

work). Such oscillation was never observed during early work

here but during these tests, the tube was intentionally

allowed to oscillate for brief periods at lower plate voltage.

It was concluded, that if oscillation had occurred, it would

have been easily detected and at our operating conditions it

was unlikely to have caused filament damage.

Our first operation of the A15039 in the develop-

mental stand in Bldg. 467, established that the tube was

gassy because of a small leak. It was returned to RCA and

rebuilt in 1974. Since they were unable to locate the leak,

RCA concluded that it was probably in one of the joints
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opened for evaluation and repair. Most of the original parts

were re-used during rebuild so it is probable that the present

condition is due to the same leak. Hence no further work or

rebuilding of this tube is considered worthwhile.

The tube was removed and replaced with an RCA type

2054 which is both electrically and mechanically identical

to the developmental A15039. This replacement has seen about

10,000 hours of operation at Daresbury in the now dismantled

NINA rf supply. The gas level and rf performance has proven

far superior to that first experienced on the A15039 after

rebuilding.

The power gain is larger than that obtained during

first runs on the A15029, i.e. > 20 (13 dB) at 10 kV plate

voltage. With a resistive load amplifier operation is stable

at outputs from 80-250 kW excepting as expected at high plate

voltages and low drive. To date, it has delivered about 90

hours of trouble free operation at power outputs for most of

this time in excess of 120 kW.

Figure 6.2.3.1 shows the variation in rf output

with plate voltage at constant drive power and at high bias

(- twice cut-off). The maximum power output has been

restricted to 250 kW to avoid damage to the dummy load until

its water sheath can be replaced. This demonstrates that the

amplifier is capable of delivering the power required for beam

currents up to the expected space charge limit of this

experiment. Also, stable operation has been demonstrated at

the very low drive levels necessary to cover the output range

of 60-110 kW necessary for Alvarez tank rf conditioning,

i.e. from the maximum tetrode driver output to that required

for tank design field.
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c) Alvarez Tank

B.G. Chidley and J. Ungrin

A problem dev-lcpcâ due to rf heating of the

bellows and seals on the drift tube stems. An rf spring

gasket between the drift tube stem and tank wall is effective

at protecting the bellows and seal but is not capable of with-

standing full tank excitation. A collar on the drift tube

is reasonably effective and appears capable of withstanding

full power. A combination of collar plus rf spring has been

developed and installed on all drift tubes. During the

shutdown for this modification a number of other changes

were made to components which had developed problems.

The tank is now reassembled and rf conditioning is

being resumed.

6.2.4 Electron Test Accelerator

J. McKeown

Work continues with this two-tank 4 MeV 100% duty

factor electron accelerator intended to study problems

associated with the main portion of an accelerator breeder

based on a proton linear accelerator.

a) Accelerator Operation

G.E. McMichael

The results of a number of experiments to determine

the effects of temperature gradients and tuner movement on the

accelerating fields are summarized in the following figures.

Figures 6.2.4.1 and 6.2.4.2 show the amplitude and

phase tilts induced when the dissipated power is varied from

0 to 3.5 kW/cell in the 6=1 structure (Model 3). (3.5 kW/cell

gives an accelerating gradient of about 0.75 MeV/m.) Thermal

gradients within the structures of 10's of degrees C are

difficult to avoid in 100% duty factor operation. The small
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tilts observed show that such gradients have little effect

on the tuning.

A movable slug tuner in the bridge coupling cell

of each ETA structure provides a convenient means of keeping

the structures resonant at the accelerator frequency. No

phase Lilts associated with tuner movement were observed but

appreciable amplitude tilts, particularly in the cell with

the tuner, were found as shown in Fig. 6.2.4.3. From Fig.

6.2.4.4, it can be seen that the match to the drive line is

also affected by the tuner. The amplitude tilts in the

accelerator sections are roughly in agreement with calcula-

tions using a coupled circuit model, but the bridge coupler-

to-section tilt is not and further investigation is planned.

Experiments to investigate the properties of the

accelerator structures during start-up have been completed

and beam-loading experiments with the 3=1 structure have

resumed.

b) High Power Pancake-Coupled Structure

J. McKeown and G.E. McMichael

All segment drawings are complete. Probes will now

be inserted into each accelerating and coupling cell for field

monitoring. Two additional probes will be inserted into

accelerating cells to provide control signals for phase and

amplitude. The support stand is in the design stage and an

assembly drawing has begun. Rough machining of the segments

is about 70% complete.

c) Bimodal Beam Position Monitor

J. McKeown

Beam-interaction theory developed to explain the

experimental results obtained with a cavity used for beam

position monitoring, predicts that output of power should be
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proportional to the square of the beam current. Fig. 6.2.4.5

confirms this prediction when the beam is displaced a fixed

distance from the axis.

The theory also predicts that the output rf power
2

should be proportional to [J, (k r)-cos0] where k = 2ir/A

and A is the wavelength corresponding to the third harmonic

of the accelerator frequency. For $=0 and for small displace-

ments the square root of the power is proportional to dis-

placement. Figures 6.2.4.6 gives the expected result when

the cavity is moved horizontally with the beam trajectory
1/2fixed. The horizontal position sensitivity is 0.46 mW •

mm -mA

d) Computer Data Acquisition and Control System

G.E. McMichael

Start-up programs for both accelerator structures

are now in service. Figure 6.2.4.7 shows how the frequency

and tuner position vary during start-up of the graded-3

structure from 5°C and 33°C. Starting at 33°C, the structure

is ready for beam operation in 5 minutes.

e) Wastewater Target Test Facility for a High Power, Low

Energy Linac for Radiation Processing

S.B. Hodge and J.S. Fraser

A small section of a wastewater target facility

has been designed for testing by the ETA accelerator. A

unique feature of this design provides a higher efficiency

of beam power to be directed into the water. It will reduce

the overall power requirements by % 13% over a conventional

type target system where ^ 15% of the beam energy is absorbed

in the rear wall of the water channel.

This system has a double pass flow of water which

is separated by a thin titanium window, 0.25 mm thick, and
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Fig. 6.2.4.5 Power output as function of beam current squared.

The smooth curve is a least squares linear fit.

M 6 8

BEAM HORIZONTAL DISPLACEMENT (mm)

Fig. 6.2.4.6 Square root of output power plotted against the

beam displacement from the symmetry axis.
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Fig. 6.2.4.7 Model 4 Start-ups from 5 and 33°C

thus the total energy of the beam is absorbed in the water

less ^ 2% which is absorbed in the window. See Fig.

6.2.4.8.

The primary window between the vacuum beam line

and the water is of course common to all systems.

A second advantageous feature is gamma radiation

fields around the target are considerably reduced by

absorbing more beam in the water.

The test facility is being constructed to check

the strength, corrosion and erosion effects and thermal

capacity of the windows.
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Fig. 6.2.4.8- Wastewater Irradiation Target Chamber
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6.2.5 Fertile-to-Fissile Conversion Experiments at TRIUMF

B.D. Pate (University of British Columbia), I.M. Thorson,

F.M. Kiely (Simon Fraser University) with J.S. Fraser and

P.M. Garvey (Reactor Physics Branch)

This work is intended to provide experimental

measurements of neutron and fissile material production in

spallation targets for an accelerator breeder and to provide

a verified base for calculations of yields.

A close collaboration has been established with

the Los Alamos Scientific Laboratory (LASL) where a parallel

program will extend measurements to 800 MeV incident energy

protons.

a) Detector Calibration

The g-detector sensitivity calibrations describe!

previously were completed. The final results were based on

the intercalibration of the 3-detectors with the Ge(Li)

gamma detector whose absolute sensitivity and its dependence

on photon energy was determined using calibrated standard

sources and an uncalibrated radium source in secular

equilibrium with its daughter products to confirm the

gamma-ray energy dependence. The comparison of the absolute

disintegration rates for gold foils of various thickness as

determined by our detector system and the 3-counting system

at Los Alamos Scientific Laboratory gave results in agreement

to about 8 + 3 % . Our results gave consistently higher

activity values but showed no trend with foil thickness.

An intercalibration between our system and LASL
24

for Na activity in aluminum foils used to monitor the

proton beam intensity will be performed as soon as a proton

irradiation can be done at LAMPF.
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b) Water Bath Results

Following the recalibration and revision of the

data processing codes, n'-"- ••>' the data taken previously on

leakage neutron source strengths from various targets of

480 MeV were reprocessed. The revised results are shown in

Table 6.2.5.1. The treatment was similar to that previously

used. However, the manner in which absolute disintegration

rates were determined from the 8-decay data has been changed.

The results are generally lower by 5 to 15% compared to the

previous analysis. Some of the results for lead taken

recently have not been previously reported. The datum point

marked with an asterisk for the 7-element nested cylinder

lead target was taken, inadvertently, with the proton beam

misaligned by ^ 1 cm putting it near the edge of the central

element. Despite the obvious perturbation on the measured

neutron flux shape behind the target the effective neutron

source strength does not change significantly.

6.3 Research Applications

6.3.1 Fast Intense Neutron Source

J. D. Hepburn and B.G. Chidley

Commissioning of the 4 x 10 n/s source continued.

This output is to be achieved by a 300 keV, 25 mA D beam

incident on a TiT target.

Efforts during the quarter concentrated on identifying

the cause of beam instabilities in the accelerator. The

instability appears as a transition from a focused beam to a

divergent one, and is more frequent for larger ion source

plasma aperture diameters. Much of the accelerator system

has been overhauled, with some improvements in overall opera-

tion but no cure for the instability.

Optical shielding of the ceramics from the beam was

improved in two places. The problem areas occurred on off-axis

oblique rays.



- 118 -

Table 6.2.5.1

FERFICON WATER BATH RESULTS

Neutron Captures in Water per 480 MeV Proton Incident

Target

U-l

U-7

U-19

U-37

U-37i

Th-1

Th-7

Th-19

uo2
Pbl-U36

Pb7-U30

Pbl-Th6

Pbl-Thl8

Pb7-Thl2

Pb-l(d=3.

Pb-7

Pb-l(d=10

High
Data

9

14

14

18.1,

17

8

9

10

10

12

11

7

6

8

84 cm) 6

7.4,

.16 cm) 8

Density
Set

.6

.2

.9

15.5

.2

.1

.2

.C

.0

.7

.0

.4

.6

.0

.0

8.2, 8.1*

.3

Low
Data

14

15

8

10.8

Density
Set

.0

.8

.8

, 9.4

Preferred
Value

9

14

15

17

17

8

9

9

10

12

11

7

6

8

6

8

8

.6 ±

.1 ±

.2 ±

.1 ±

.2 ±

.1 ±

.2 ±

.6 ±

.0 ±

.7 ±

.0 ±

.4 ±

.6 ±

.0 ±

. 0 ±

.0 ±

.3 ±

0.

0.

1.

1.

1.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.
0.

0.

7

9

0

0

0

6

6

7

6

,

7

9

8

6

5

4

5

*proton beam misaligned by ^1 cm
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The Mark IV column was installed; it is the same

as Mark III geometrically but has glazed ceramics. It has

conditioned well, and will be left on the accelerator to

check its long term behaviour.

Increasing the column bleed current from 250 to

800 pA increased tolerance to the instabilities but did not

remove them.

Beam was run with each of the three accelerator

gaps shorted out, in turn. Any two of the three gaps will

hold off the full 300 kV power supply output with no beam.

For beams run with the 0-100 kV and 100-200 kV gaps shorted,

instabilities still occurred. Beams produced with the

200-300 kV gaps (the first accelerating gap) shorted were

widely divergent, implying that the instability consists of

loss of voltage across the 200-300 kV gap and transition of

the ion source plasma to the 200 kV electrode.

Further trials will examine accelerating electrode

behaviour adjacent to the beam.

The SLAC electron gun code has been used extensively

to solve electrostatics and electron gun design problems. A

special feature of the code that allows solution of problems

with cylindrically symmetric ceramic insulators has been

tested and used in the analysis of several problems with the

collaboration of C.R.J. Hoffmann. It is concluded from a

test case that can be solved analytically that the results

for potentials are accurate to better than 10%, particularly

for points close to the ceramic bodies. Hence, the effect

of the ceramics in Fig. 6.3.1.1 (see below) is not an artifact

of the program. Difficulties with the model prevented com-

parison of electric fields generated from these potentials.



- 120 -

Figure 6.3.1.1 shows four solutions to accelerating

column designs. Part (a) shows the equipotentials present

in the FINS electrode geometry if no ceramic is present. In

part (b) the corresponding result with a right-cylindrical

ceramic of dielectric constant 9.0 shows electric stress of

up to 7.0 MV/m on the corners of the hoops on the vacuum side

of the ceramic, as compared to 3.8 MV/m in the no-ceramic

case. (These hoops are present to reduce electric stress at

the ceramic-to-metal bond.) Part (c) shows the Mark III and

Mark IV column geometry. The presence of the convolutions

reduces the maximum stress on the inner hoops to 5.2 MV/m.

It is clear that the details of convolution position and

size on these ceramics is close to the optimum. The con-

volutions create zones of lower and higher tangential electric

field along the ceramic that may control surface charge

mobility. This may explain the experimentally observed fact

that straight-sided ceramics suffer from track damage while

convoluted ones do not.

Part (d) of the figure models the ceramic shape of

the High Current Test Facility column, which is common to many

accelerator designs. The notches at the ceramic-to-metal

joints are intended to reduce ceramic tracking and flashover

by terminating the field line from the ceramic, vacuum,

metal interface on the ceramic. However, the present

analysis shows that the notches increase the electric stress

on the metal near and at the ceramic-to-metal interface by

I 20%.

6.3.2 Heavy-Ion Superconducting Cyclotron

J.H. Ormrod

Design and development of a superconducting

cyclotron for a post-tandem accelerator continues. The magnet

has been reassembled with improved insulation and the helium

boiloff rate of ^ 17 IL/h agrees with the calculated value.
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Fig. 6.3.1.1
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(d)

Equipotential lines in the ceramics of three

variants of the FINS column geometry (a, b and

c above) and the HCTF column (d above).
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All magnet components are being centered at low excitation

in preparation for detailed field mapping.

a) Code Development

E.A. Heighway

The code TRIUMF has been modified to use measured

field maps instead of calculated fields as the data base

before isochronization. Initially the code used a 7 x 7

square array of maps measured at various main coil currents

I and I . This was inefficient because the fraction of

usable area in I-jIp space was 60%. The code has been

modified to use a non-linear 6 x 8 lattice of field maps

closely bounding the actual operational area as shown in

Pig. 6.3.2.1

The code has been successfully tested with July

1978 field map data to generate an isochronous field for

6 MeV/n iodine.

The code RESHAPE was written (PR-P-114, p. 122

(1977); AECL-5854) to design a second set of flutter poles

after the first field measurements. The agreement between

the measured and calculated fields (PR-P-119, p. 114 (1978);

AECL-6366) was good enough that this is probably not required.

It instead may be sufficient to make small changes to the

z-profile of the existing poles 'in-house1. RESHAPE is

being rewritten to predict z-profile corrections instead of

the original azimuthal profile corrections.

b) Cryogenic System

(i) Cryostat

J.A. Hulbert and J.H. Ormrod

The modifications described in PR-P-120, 6.3.2 b)

(AECL-6452) have been successful giving a liquid helium boil-

off rate, with the cryostat full, of ^ 17 litres per hour at
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Ca) Cb]

Fig. 6.3.2.1 Field mapping lattice as a function of main

coil currents I, and I.. (a) original code

(b) modified code.

4.45 K. This is equivalent to a total heat flux to the

liquid helium of 11 watts and is in good agreement with the

calculated value (CRNL-1877). The increase of heat flux

under full power due to extra heating in the magnet leads

and joint losses in the magnet coil is not expected to

exceed 4-5 watts. A similar improvement in the shield

insulation has been attained, giving a 100 K heat load of

85 watts.

Cooldown started at 1700 hours on February 12th

and liquid helium transfer started 140 hours later with the

whole magnet coil below 8 K. Since then the cryostat has

been kept full during normal working hours, with the liquéfier

working continuously into the 1000 litre storage dewar. At

first the cryostat level was brought up each morning after

being left to fall overnight but since March 12th the level

has been maintained by self-regulation. The system is left

unattended overnight using three (our of a total of four)

circulating compressors. The excess liquid production

(collected in the storage dewar) is some 6 litres per hour.
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Following a comment from Michigan State University

that localized heat leaks have been detected there by

checking the azimuthal variation of liquid helium level in

their cryostat, the liquid level was compared at the four

tower positions. With the mean level 40 mm above the upper-

most coil winding, the variation in level was less than 6 mm,

indicating a maximum pressure variation across the liquid

surface of 7 Pa (7 x 10~ atm). It was concluded that

the azimuthal heat leak variation was too small to be

detectable.

When the cryostat is full, the insulating vacuum

outside the superinsulation, measured diametrically opposite

the pumping port, is 0.11 mPa air equivalent. The

helium leak rate into the insulating vacuum, measured by

mass spectrometer in the full fore pump flow is

0.9 mPa Is"1.

During the reassembly, temperature monitoring

points on the shield and helium can were increased from the

original 17 to 28 and located to maximize information about

possible heat leakage. No unanticipated readings have been

obtained.

Each of the three magnet leads is monitored with

voltage taps at eight positions and across the upper and

lower contacts. The upper contacts, which are bolted, were

indium-plated electrolytically immediately before assembly.

Tests (to date up to 1400 amperes) show that the leads

attain a stable heat distribution after 15 minutes and that

the contacts remain ohmic.

Ideas for the future modification of the cryostat

inner wall to accommodate the radio-frequency acceleration

system have been reviewed. Tests on the rf system show a

cavity heating effect over the common cryostat/cavity area



- 125 -

which totals almost one kilowatt, so that cooling will have

to be provided at this location. Routes and seals for

helium gas cooling have been devised to fit along the

cryostat midplane penetrations. Some small holes will have

to be drilled through the existing outer wall coupling flanges.

The cooling pipes will be soldered to the backs of the copper

rf panels which will be bolted with O-ring seals to the

inner cryostat wall. The changes required to the inner

cryostat wall will involve cutting large rectangular holes

with rebates on the inner surface, but no welding.

(ii) Transfer Tubes

J.A. Hulbert and J.H. Ormrod

During the period of cryostat reassembly, the

opportunity was taken to rebuild some components of the

transfer tube system. The changes included the use of

Dexiglas-aluminized mylar superinsulation to replace the

Dimplar, increase of flexible section outer diameter so that

the straight sections of the outer wall can be assembled in

one piece with the superinsulation continuous longitudinally,

and the increase of the outer diameter to the full 2-1/2"

schedule 5 size as close as possible to the cryostat entry.

The damaged bayonets in Tube A were also renewed and fitted

with pressure reliefs. The heat leak in the rebuilt Tube H

assembly was measured to be about 8 watts, which is 3 watts

higher than calculated. The most probable cause of the

discrepancy is imprecision in assembly due to the extreme

difficulty of achieving perfection in such a task.

Further improvements are possible by adding a

cooled shield to the present design and increasing the

proportion of flexible to rigid length to eliminate bayonets.

The effort would possibly not be justified until the system

is moved to its final location, since the maximum gain attain-

able represents only 12% of the liquéfier rate.
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(iii) Liquéfier

J.A. Hulbert

The ex-SF- tanks were not finally commissioned as
o

helium gas storage until early February. Temporary heating

was installed round them so they could be well outgassed and

dried before filling. Their introduction to the system has

proved beneficial and helium contamination thereby reduced

to an almost negligible level.

The rebuild of the purifier filter required two

attempts because at the first trial the original return tube

was not renewed. The purifier is now operating well.

A minor modification has been made to the liquéfier

control to allow automatic restart after power failure.

Restart applies only to one compressor. This action is

necessary now that the system is left unattended for periods

of up to 18 hours.

(iv) Camac Interface

J.A. Hulbert

Completion of the Camac interface for the cryogenic

system monitoring signals has been delayed by the long

delivery of integrated circuits. These are now to hand. The

necessary commercial camac modules are now also available.

c) Magnet

(i) Yoke

Q.A. Walker (Civil & Mechanical Design Branch)

The upper pole was put into place and position

micrometers were added to permit moving it in a reproducible

manner for alignment. Operation of the lower pole jack screws

is now routine and no vibration is experienced provided that

adequate lubrication with a molybdenum paste is applied.
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The chain driven trim rod has been operated at a

load of 2.5 tonne without a magnetic field. Operation was

smooth and the rod could be set to ± 0.001" by manually

operating the motor and observing the potentiometer reading.

The pneumatic clutch operates satisfactorily after initial

sticking problems. The unit is now in position on the

cyclotron and wired for an operational test. Distortion of

the running threads with load has been observed and will

require compensating adjustments.

An alternative hydraulically driven unit is ready

for testing and the test stand is being prepared.

Two methods of trim rod control, individual sensors

or a dedicated computer routine are being investigated on a

lower priority.

(ii) Field Measuring Equipment and Measurements

J.H. Ormrod

The field measuring apparatus has been installed

and measurements to "center" all components has begun. Any

360° field map can be Fourier analyzed to determine the

harmonic components. The first and second harmonic components

are being used to position the field measuring equipment and

the magnet components on a common axis.

The first harmonic component from any map is the

sum of contributions from:

1) residual first harmonic from manufacturing tolerances.

2) displacement of the axis of the field measuring

apparatus from the field center (the apparatus is

mounted on the lower pole).

3) displacement of the upper pole from the lower pole.

4) displacement of the superconducting coils from the

field center.
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5) accuracy of the optical encoder used to position the

azimuth of the arm holding the flip coils (difficult

to separate from 1)).

6) accuracy of the measured field at each point (< 0.1 m T ) .

The upper pole was initially positioned by passing

two trim rods through the upper pole and penetrating the

trim rod holes in the lower pole. This procedure aligns the

two poles within 0.3 mm. The axis of the field measuring

apparatus was then adjusted to minimize the first harmonic at

radii 660-690 mm for an average field of 1.2 T (where contribu-

tion 4 should have little effect), The first harmonic was then

measured at an average field of 2.1 T where 4) can be crudely

measured. The displacement of ^ 1.4 mm was reduced to 'v- 0.3

mm on the initial adjustment. After these adjustments, the

first harmonic field at all radii is less than 1 mT. The

upper pole will now be adjusted to reduce this further before

finally centering the coil.

(iii) Magnet Power Supply

H.R. Schneider

After only a few months of operation of the power

supply it was discovered that the very small cooling water

passages in the power rectifiers heat sinks were obstructed

by particulate matter in the cooling water. Sixteen new

heat sinks with larger cooling passages have been built and

installed. Additional filtering has been installed in the

cooling water line.

Recent tests of the magnet have shown that the

power supply modifications described in PR-P-120 (AECL-6452)

work well. The ripple voltage now is less than 20 mV peak

to peak - more than an order of magnitude smaller than we

had during initial tests of the magnet in July 1978.
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The reduced ripple plus some improved filtering

in the electronics, now allows the voltage tap instrument to

monitor maintenance of the superconducting state in the magnet

without spurious signals triggering alarms.

d) Accelerating Structure

C.B. Bigham

Tests of the rf accelerating structure in the dummy

vacuum vessel have been interrupted by the failure of the

output tube in the power amplifier. The upper resonator has

been operated alone at full voltage (100 kv) and one frequency

(50 MHz), but the finger contacts on the sliding short tuners

have not performed as well as expected.

The structure has been reassembled three times

during the quarter and the complete system operated up to

50-60 kV at 50 MH2. The multipactor breakthrough circuit

works reliably for vacuum pressures in the 1-7 mPa
— R

(1-5 x 10 Torr) range. The breakthrough level required

decreases with decreasing pressure in this range and is

expected to be much lower when the cryopumps are installed.

The upper resonator was operated alone (after the

lower tuner failed) up to the 100 kV level at 50 MHz during

two experiments. In the first experiment, the operating

time was limited by vacuum transients caused by overheating

of a coupling loop terminating resistor. During the second

experiment with the coupling loop modified, the vacuum

transient was much slower and seemed to be correlated with a

temperature rise in the "cryostat wall". Some water cooling

will be required on the copper sections in the cryostat wall.

In a third experiment, the upper resonator was

operated up to 60 kV at 50 MHz and also when retuned to 45

MHz. During retuning to 40 MHz the power amplifier failed

(see below) and the structure was disassembled to repair

the lower tuner.
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All recent tuner failures have been on the outer

rings of contacts, the inner rings of both upper and lower

shorts show no indication of wear or current related damage.

The outer ring on the lower tuner has failed three times at

about 50 kV and that on the upper tuner once at 100 kV. The

failures seem to be due to variations in contact pressure

because of variations in the outer conductor wall dimensions

and possibly also misalignment of the centre conductor.

Another attempt will be made to find the correct compromise

in dimensions for the lower tuner and a new finger contact

design with wider operating range is being developed.

The power amplifier failure was a short across the

edge of a blocking capacitor between screen and grid terminals

in the output stage tube socket. When this had been repaired

the tube itself failed to hold the plate voltage and sub-

sequently the filaments went open circuit. A replacement

tube and spare have been ordered.

e) Extraction

C.R.J. Hoffmann

Detailed mechanical design of the electrostatic

deflector system and of a test chamber for verifying high

voltage performance of system components is complete.

A specification has been written and quotations

requested for a semi-rigid cable to connect the deflector

system to a high voltage power supply. The cable will pass

through a vacuum seal at the top of the cyclotron, follow

the inside surface of a dee stem down to the dee web and bend

through the web to connect to the deflector system transition

piece. The specification calls for copper conductors and

teflon dielectric with a vacuum tight interface between

conductors and dielectric.



- 131 -

Calculations have started for determining the

detailed features of compensating elements to remove the

unwanted first harmonic fields which the magnetic extraction

elements generate in the acceleration region. Iron and

superconducting elements are treated separately. The iron

hill lenses can be completely compensated by reproducing

them at diametrically opposite locations. It is not

practical because of space requirements to use this method

for the iron in the first segment of the magnetic channel.

A single piece of iron (cross section 30 mm high x 10 mm

thick) located on the cryostat wall and subtending 29°

directly opposite this segment reduces the first harmonic

amplitude from >v 4.5 mT to 0.2 mT at 640 mm radius (v = 1

at approximately this radius for 50 MeV/n carbon). More

complex iron shapes are being investigated to improve this

compensation further. Compensation of the superconducting

elements is more difficult than the iron elements because

each of the four independent windings must be compensated

separately. Present efforts are focused on the bias field

winding of the first channel segment which produces a first

harmonic amplitude of ^ 4 mT at R = 640 mm for maximum

winding excitation.

6.3.3 Computer Simulation of Cesium Beam Optics for the Chalk

River Versions of the Negative Ion Sputter Source

S. McGarry, Y. Imahori (NRX Operations), H.R. Andrews and

W.G. Davies (Nuclear Physics Branch) and R.M. Hutcheon

See PR-P-121, 2.9.

6.3.4 Optical Design of the New Tandem Injector

R.M. Hutcheon et al.

See PR-P-121, 2.24.
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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 - 97.2%

Reactor Physics Branch - 2.8%

6.4.1 Injector Test Experiment

Fabrication of beam line components is continuing.

A pump manifold, a length of beamline pipe and a spacer have

been completed. Work is underway on a beam dump manifold.

6.4.2 Ion Source Development

A new bottom electrode ring for the extraction

column was fabricated. One plasma aperture plate was made

and another was modified. Two anodes were repaired, one

for FINS and one for the High Current Test Facility. A

beam neutralizer tube was also fabricated.

6.4.3 High Current Test Facility

Modifications were made to a number of electrodes

for the low gradient injector accelerating column. An ion

source spacer flange was fabricated together with a number

of vacuum gaskets.

Special split-ring collars of two designs and rf

garter springs were fabricated for the drift tubes of the

Alvarez tank. Vacuum leaks were repaired in the rf coupling

loop to the tank. Components were fabricated for a new

design of a titanium sublimation pump for the tank.

Modifications were made to the pressure relief

valve on the freon coupling system for the cw proton linac

final rf amplifier to prevent seat damage and leaks on
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transient actuation. Flow straighteners were made in

preparation for installation of a new flow meter. Also a

number of pieces of hardware were fabricated for the final

amplifier and its power supplies.

6.4.4 Electron Test Accelerator

Brackets and supports were fabricated to mount a

laser and detectors parallel to the ETA beam line. This

system will permit alignment of ETA structures and other

beam line components without opening the vacuum system.

Two stainless steel windows for the prototype

wastewater treatment target were fabricated and corrosion

tests started.

A heavy water target tank and shield, to measure

neutron yields and distribution has been manufactured and

installed in the ETA tunnel.

6.4.5 Fast Intense Neutron Source

A stacking jig was made for a test assembly of

the FINS column electrodes and two of the electrodes were

modified. Mounting hardware for column resistors was made

and tests to electrically remove nickel plating from a

copper bar proved unsuccessful.

6.4.6 Heavy-Ion Superconducting Cyclotron

A prototype chain driven experimental trim rod

drive was fabricated. Adjustments to pole centering gauges

for cyclotron yoke assembly were carried out.

Repairs and modifications to coaxial cavity tuning

plunger contacts is continuing and an alignment gauging

tool for the rf acceleration system was fabricated.

For the reassembly of the cyclotron magnet cryostat

various small components, locking devices, seals and pumpout

adapters were made. A set of special sub-miniature electrical

connectors for magnet lead monitoring was manufactured

together with a replacement purifier filter assembly for the

helium liquéfier.
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Selective plating tools for reconditioning

cyclotron magnet lead contacts were manufactured and sixteen

power transistor heat sinks for cyclotron magnet power supply

were made.

6.4.7 Reactor Physics

The ZED-II bundle assembly jig was modified to allow

it to handle plutonium fuel and a special chuck holder was

fabricated and assembled to hold plutonium fuel elements for

cutting.

6.5 Publications, Reports, Papers, Lectures and Patents

Publications

ELECTRONUCLEAR FUEL PRODUCTION USING HIGH INTENSITY
ACCELERATORS
S.O. Schriber
Atomkernenergie 22_, No. 1, 49 (1978).

Reports

BEAM TOMOGRAPHY OR ART IN ACCELERATOR PHYSICS
J.S. Fraser
Los Alamos Scientific Laboratory, Report LA-7498-MS
November 197 8.

CHALK RIVER EXPERIENCE WITH HIGH VOLTAGE HIGH CURRENT
DC ACCELERATORS
M.R. Shubaly
"FMIT Injector Workshop Notes" - 1978 July 12
Los Alamos Scientific Laboratories publication LA-UR-78-3082.

EXPERIENCE AT CHALK RIVER WITH A CW ELECTRON ACCELERATOR
J. McKeown
Atomic Energy of Canada Limited, Report AECL-6480
February 1979.

Papers

EXPERIENCE AT CHALK RIVER WITH A CW ELECTRON ACCELERATOR
J. McKeown
Paper presented at the Conference on "Future Possibilities
for Electron Accelerators" held at the University of Virginia,
Charlottesville, VA, 1979 January 8-10.
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HIGH CURRENT ACCELERATORS FOR FISSILE FUEL PRODUCTION
J.S. Fraser
Paper presented at the International Collaboration on
Advanced Neutron Sources, Third Meeting, Los Alamos,
New Mexico, 1979 March 19-22.

The following papers were presented at the 1979 Particle
Accelerator Conference, San Francisco, 1979 March 12-14.

OPERATIONAL EXPERIENCE WITH COUPLED-CAVITY STRUCTURES IN A
HIGH DUTY FACTOR ACCELERATOR
G.E. McMichael and J. McKeown.

BEAM POSITION MONITOR USING A SINGLE CAVITY
J. McKeown.

HIGH CURRENT DC ION SOURCE DEVELOPMENT AT CRNL
M.R. Shubaly.

Lectures

HIGH POWER, LOW ENERGY LINAC FOR RADIATION PROCESSING
J.S. Fraser
Seminar at Commercial Products, South March, on High Power
Linac for Large Scale Radiation Processing, 1979 February 02
(excerpts from paper given at the 5th Conference on
Application of Small Accelerators, Denton, Texas, 1978 November
06-08) .

Patents

CANADIAN PATENT NO. 1,045,717
STANDING WAVE ACCELERATOR STRUCTURE WITH ON-AXIS COUPLERS
S.O. Schriber, S.B. Hodge and L.W. Funk
Issued 1979 January 02.

SWEDEN PATENT NO. 404,577
A MAGNETIC BEAM DEFLECTOR SYSTEM
E.A. Heighway
Issued 1979 January 18.
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