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SUMMARY

G,A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

The accelerator performance showed improvement

over the previous quarter. Failure of the ion-source

extraction supply and the isolation transformer were the

major items limiting the availability.

Experiments running 1098 hours 47.7%

Scheduled shutdowns 502 hours 21.8%

Unscheduled shutdowns 704 hours 30.5%
2304 hours 100.0%

Sixteen experiments were performed involving CRNL

and 16 visiting scientists. The visiting scientists were

involved in experiments occupying 62% of the beam time and

their participation averaged 58%.

Research Activities

Measurements of the static quadrupole moments of

the 11/2" isomers in 1(^7''^-^Cd show the systematic trend

expected for the filling of the ^\\/2 neutron shell. The

quadrupole moments in the 21/2+ states of 1Q5,107cd are

inconsistent with predictions based on the additivity rule.

ft ft Q 0 n i

Shell model calculations for Zr, Mo and 92Mo

using state dependent g-factors yield level energies, B(E2)

values and g-factors in impressive agreement with recent

experimental results.

The spins and parities of nine high spin states

(17" to 30+) above 4 MeV have been measured in 2 1 2Rn.
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The lifetimes of six high spin members of the

K = 7/2 ground state band of 1 7 5Lu (spins 15/2 to 27/2)

have been determined by analysis of Doppler broadened line

shapes following Coulomb excitation.

Initial measurements of the cross sections for

two-photon emission in thermal-neutron capture in hydrogen

following recent improvements to the experimental arrange-

ment show a significant improvement in sensitivity.

An analytical study of the range distribution for

a beam of monoenergetic ions incident upon a layered, solid

target has shown that a discontinuity in the density of

stopped ions occurs at the boundary between two layers. This

work could have practical application in the implantation

of semiconductors through masking layers.

1.2 Accelerator and Applied Physics

Research Applications

The fast intense neutron source (FINS) was tested at

beam currents corresponding to a neutron yield of 1 x 10^2 n/ s

and averaged 1.5 hours between sparkdowns. Following these

tests the apparatus was disassembled and moved to a shielded

room in Bldg. 513 where it is now being reassembled.

The heavy ion cyclotron modelling program included

the following developments :

The stability of the beam in the cyclotron

against imperfection disturbances has been further

confirmed by calculations, in this case for a

second harmonic magnetic field component;

imperfections of short radial extent have only a

small effect.



Inductance calculations of the coupled coils

are complete and strategies for charging and

discharging are being considered preliminary to

specifying the lower supplies.

- Fabrication of the magnet poles is complete, the

yoke walls are being trued to length and assembly

of the entire yoke has begun at the manufacturer's

plant.

Twenty-eight of the thirty-two double-pancake

superconducting coils have been wound.

The radiofrequency power amplifier for the

accelerating structure has been ordered.

The results of new calculations of high energy

neutron yields are being used in the design of

shielding walls for the tandem-cyclotron facility.

The design of the post cyclotron beam transport

system is essentially complete but further work

is needed on the injection line.

- The structural design of the control room for the

new accelerator is now underway; the layout for

the target rooms is substantially complete.

Nuclear Power Applications

The modifications to the electrode apertures of

the accelerating column of the High Current Test Facility (HCTF)

had no significant effect on the column breakdown rate at

30 mA. A series of tests has been undertaken on suscepti-

bility of various electrode materials to current induced

breakdown. Modifications have been made to the rf amplifier

cavity to cure an excitation mode problem which has limited

high power operation.
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The second accelerating structure of the

Electron Test Accelerator has been successfully operated

at 50 percent over the design power of 60 kW. Both

accelerating structures have been manually run up on

independent oscillators to design power, then switched to

a master oscillator. This demonstrates that the frequency,

phase and amplitude control loops function well enough to

permit automatic startup under computer control.

In the fertile-to-fissile conversion program at

TRIUMF substantial progress has been made in neutron

leakage measurements, and in data analysis. Calculations of

neutron spectra have been made using alternative computer

codes, with significant differences appearing in the results.

The ion source test stand is being used to develop

high current ion sources, as required for a spallation

neutron factory, and medium current ion sources for HCTP

and FINS.

1.3 Solid State Physics

Measurements in two DNA-type compounds show that

the marked differences in wave velocity observed previously

for one transverse branch are also present, although to a

less marked degree, in the results for another.

In a collaborative experiment with scientists

from the National Research Council of Canada measurements

have been made of the pressure dependence of the static

structure of heavy water. The results show clear indication

of structural changes as the pressure is increased; analysis

is in progress.

Studies of the lattice dynamics of potassium

niobate and the orthorhombic-to-tetragonal phase transition

which it undergoes at 225°C have been carried out in

collaboration with scientists from the University of Metz,

France.
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Measurements of low-symmetry phonon modes in

niobium and molybdenum confirm that models previously used

to calculate various thermodynamic and superconducting

properties are reliable to within the required accuracy.

Experiments to study the excitation energies

of isolated clusters of magnetic impurity atoms and the

anisotropy of the critical magnetic scattering in uranium

nitride are continuing.

Positron annihilation experiments to study vacancies

in the y-phase of iron are continuing.

A new improved analysis of the neutron-scattering

results for liquid 4He has led to a greatly improved and

model-independent estimate for the fraction of atoms in the

Bose-Einstein condensed state at 1.1 K.

The study of the Wigner solid is continuing; a

melting curve has been determined from a model which

includes cubic anharmonic contribution to the force constants.

This model finds melting at a lower temperature than the

model without the cubic anharmonic terms, but still at a

higher temperature than predicted by Monte Carlo calculations.

1.4 Detectors

Efforts are being made to improve the quality of

single crystals of CdTe which are being grown for use as

radiation detectors. Several refinements to the procedures

for growth have been made but the quality of the crystals

still varies unpredictably. Mass-spectrometry measurements

suggest that better control of impurities in the crystals

is important.
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1.5 Applied Mathematics and Computation

The analysis of the behaviour of the Gentilly-1

steam mains network is continuing. The acoustic analysis

model has been reformulated to include damping effects, but

calculations have not yet been carried out. The inertial

analysis is being used to obtain an indication of the

behaviour of the network to be expected after the modifications

to provide steam for the La Prade Heavy Water Plant have been

made.

A method of approximating the Bessel functions

Jg(x), J,{x) , YQ(X) and Y^(x) in terms of a modulus and

phase is being investigated.

The problem of diffusion of hydrogen towards a

crack in a stressed solid is being investigated using the

FORSIM integration package. The model is being tested by

comparison with a semi-analytic solution for the steady-

state case, and will be extended to the case of thermal

cycling.

A scheme has been developed to Eoive the set of

nonlinear ordinary differential equations which model creep

experiments. The models may include discontinuities, such

as the elastic/plastic change of state.

A stress analysis of the liquid helium cans and

their mountings for the superconducting cyclotron was

completed. The study included an investigation of the

effects of varying wall and top-plate thicknesses on the

maximum deflection of the bottom plate.

Miscellaneous programs developed or modified during

the quarter included:

Programs to assist in assessing the effect of

burnup and defect size on the activity release

from a fuel defect, and the effect of burnup and

temperature on fuel element volume change.
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Programs for editing, storing and retrieving

Perch Lake environmental data.

- A general subroutine for "picture windowing".

- A program to generate from ENDF/B data 2^2Th

secondary neutron angular distributions in a form

useable by the multigroup program SUPERTOG.

- A program to analyze electrical demand in Forest

Hall with a view to optimizing the automatic control

system.

The major operating system development during the

quarter was the generalization of the 3300 to 6600/175

communication program to permit the 3300 to process files

from both 6600 and the 175 concurrently.

During the quarter, the total workload of 86,158

jobs for the 6600/170 system originated as follows:

Computing Centre
Power Projects
WNRE
Heavy Water Projects
Technical Information &

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

& Control
Advanced Projects &

Reactor Physics
Fuels & Materials
Administration
Medical
Finance
Operations
General Services
Plant Design
Special Projects
Contracts
Others

Percentage of
Number

23
15
3
0

1

2
3
7

1

14

11
0
0
2
4
0
1
3
1
0

of Jobs

.64

.56

.82

.26

.75

.79

.74

.26

.21

.16

.84

.83

.35

.20

.67

.20

.26

.25

.20

.02

Percentage of
Total Utilization

6.33
33.50
10.58
0.01

0.44

0.91
5.14
6.5S

0.66

22.00

7.90
0.15
0.01
0.88
1.46
0.04
1.15
0.92
1.34
0.00
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Nuclear Physics Branch

J.C.D. Milton

CONTENTS

2.1 Staff

2.2 Lifetime Measurements in 22Ne using the 4He(19F,p)22Ne
Inverse Reaction

2.3 The Mass of 1 7C

2.4 High Resolution Measurements of Isospin-Forbidden
Resonances

2.5 Nuclear Quadrupole Interaction of the ll/2~ Isomer of
109cd in Cadmium

2.6 Shell Model Calculations for N = 48 and N = 49 Nuclei
212

2.7 Spin-Parity Assignments for High Spin Isomers in Rn
2.8 Beta-Neutrino Correlations from the Kinematic Shift of

Beta-Delayed Particles
2.9 Computer Simulation of Perturbed Angular Correlations

2.10 Lifetimes for the Ground State Rotational Band in Lu

2.11 Development of a Fission Chamber for Detecting Neutrons
with Good Timing

2.12 A Heavy Ion EAE Telescope

2.13 Beam Emittance Measurements

2.14 Computer Aided Control System for the Superconductxng
Cyclotron and MP Tandem

2.15 Neutron Shielding Requirements for the Superconducting
Cyclotron

2.16 Design of the Beam Transport System for the Superconducting
Cyclotron

2.17 Control Room and Target Room Layout for the Heavy Ion
Superconducting Cyclotron (HISC) and MP Tandeia Facility

2.18 Computer Data Control Interface

2.19 Target Preparation

2.20 computers and Instrumentation

2.21 Tandem Electronics

2.22 MP Tandem Operation

2.23 Standardization of Cs
134

2.24 Calibration of the 4iry Ion Chamber for Cs



- 9 -
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(1) Postdoctoral Fellow.

(2) On leave of absence at CERN, Geneva, Switzerland.

(3) visiting research associate from University of Toronto.

(4) On leave of absence at the University of Rochester.

(5) Summer student from University of British Columbia;
arrived 4 May.

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

(7) Summer student from University of Waterloo; arrived
3 May.

(8) visiting professor from Aarhus University; arrived
2 June.

(9) Visiting professor from Oberlin College; arrived
June.

(10) Student from Waterloo University; arrived 26 April.
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2.2 Lifetime Measurements in 22Ne using the 4He(19F,p) 2Ne

Inverse Reaction

J.S. Forster, T.K. Alexander, G.C. Ball and W.G. Davies

22
Further measurements of lifetimes in Ne have been

made with implanted targets of He and the He( F,p) Ne

reaction (see PR-P-113: 2.10, AECL-5802). Three new backing

materials (Ti, Ni and Ag) were used. Experimental procedures

and analyses were similar to those described earlier (ibid).

Table 2.2.1 lists the values obtained (for the 3.35 MeV, 4 +

22
level in Ne) for these three backing materials as well as

for the two backing materials used previously. A mean value

of 0.324 ± 0.020 ps is obtained, where the uncertainty quoted

is from any one individual measurement to allow for possible

systematic errors.

2.3

Doppler broadened lineshapes were also obtained for

75 MeV, 2 + level to ground stati

to obtain the lifetime is in progress.

the 1.275 MeV, 2 level to ground state transition and analysis

Mean Lifetimes

Backing

Ti

Ni

Cu

Ag

Au

Average

The Mass of 1 7C

Table 2.2.1

of the 3.35

0.

0.

0.

0.

0.

0.

MeV Level i

T(ps)

322

316

333

332

315

324

+

±

±

±

±

+

0.

0.

0.

0.

0.

0.

020

019

020

020

020

020

22Ne

G.C. Ball, W.G. Davies, H.R. Andrews, J.S. Forster, D. Horn
and W. McLatchie (Queen's University)

The experiment described previously (PR-p-111: 2.9,

AECL-5614) to measure the mass of 1 7C via the 207Pb(18O,17C)
208

Po reaction has been repeated in order to improve statistics.
A total of eight events have now been observed for the ground
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state transition of this low (̂  50 nb*/sr) cross-section reaction.

The mass excess of C obtained from a preliminary analysis of

these data is 21.25 ± 0.23 MeV. This result is in good agree-

ment with current theoretical predictions (Jelly et al., Phys.

Rev. Cll (1975) 2049.

2.4 High Resolution Measurements of Isospin-Forbidden Resonances

A.B. McDonald, E.D. Earle (Neutron and Solid State Physics
Branch), D. Martin (Queen's University), H.B. Mak (Queen's
University) and P.G. Ikossi (McMaster University)

Further measurements have been performed to extend the

systematic study of the isospin-forbidden particle decay widths

of the lowest T = 3/2 and T = 2 levels of light nuclei (A < 44)

(see PR-P-109: 2.3, AECL-5508; PR-P-110: 2.2, AECL-5546; PR-P-

111, 2.10, AECL-5614; PR-P-113: 2.12, AECL-5802). The lowest

J17 = 0 , T = 2 level of Mg was observed as a resonance in the
23 23

Na(p,p ) and Na(p,a ) reactions at E = 3.91 MeV, with im-

proved statistical accuracy and better energy resolution than

previously employed (PR-P-111: 2.10, AECL-5614). The targets
2 2

consisted of 4 ug/cm of NaCl evaporated on 2 yg/cm carbon

foils supported by a thin cellulose nitrate layer which evapor-

ated under bombardment by the 500 nA proton beam. To avoid long-

term instabilities in the field stabilization of the analyzing

magnet, a new procedure was used to obtain excitation functions.

After the resonance was located, the analyzing magnet field, as

measured at the NMR sample, was stabilized by manual adjustment

of the current. Excitation functions were obtained by applying

up to 6 kilovolts to the target. In this way, the T = 2 reson-

ance was observed with a FWHM of about 900 eV. Preliminary

analysis indicates 200 eV < r <600 eV.

The cryogenic differentially pumped gas target (PR-P-

113: 2.24, AECL-5802) was used to study the 3CAr(p,p) and 36Ar

( a, a) reactions in the vicinity of the lowest T = 3/2 level of
*1 b = 10" 2 8 m2
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K and the lowest T = 2 level of Ca, respectively. Eight

hundred millilitres (STP).of Ar was pumped during the 48

hour running period with a target pressure of ^13 Pa and >90S

was subsequently recovered from the cryopump.

A resonance at E p = 3280 keV, corresponding to the

5.408 MeV, J1* = 3/2+, T = 3/2 level of K was clearly observed

at laboratory angles of 155°, 145°, 125°, 90° with a FWHM* of about

1.4 keV. Anamalous shapes at all angles were as expected for

hard sphere background phase shifts. Detailed fits to the data

are in progress.

Within the statistical accuracy obtained (̂ 5%) there

was no evidence of a resonance in the Ar(a,a) reaction in an
40

80 keV region centered on the expected location of the Ca

(Jïï = 0+, T = 2) level.

Sufficient information is now available for the isospin-

forbidden proton and alpha decay widths of T = 2 levels in light

nuclei to indicate that these widths are similar in magnitude

to those observed for T = 3/2 levels and increase with mass in a

similar systematic manner. Calculations of isospin mixing for

these levels are in progress.

109
2.5 Nuclear Quadrupole Interaction of the 11/2 Isomer of Cd in

Cadmium

0. Hausser, T. Faestermann, H.R. Andrews and T.K. Alexander

Although the quadrupole interaction of Cd (5/2+) in

hexagonal cadmium has been the subject of numerous experimental

studies, there is still considerable uncertainty in the magnitude

of the electric field gradient (EFG) V z z for Cd in cadmium

(ulCdCd) and in the value for Q(HlCd, 5/2+) . Existing

estimates rely on nuclear quadrupole resonance (NQR) measure-

ments of ll^In (Q = 0.86 eb ) in In and on arguments relating

the EFG's in Inln and Cdln. Because of uncertainties in

the contribution of conduction electrons to the EFG, the

results for Q(li:LCd, 5/2+) vary between 0.77 eb (R.S. Raghavan

et al., Phys. Rev. Lett. 30 (1973) 10) and 0.44 eb (Bodenstedt

* Full width half maximum
**quadrupole moments are commonly quoted in units of the electron
charge times the barn, written eb.
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et al., Phys. Rev. B6_ (1972) 2909), with the later value being

favoured at present. In an alternative approach, which is being

followed here (see also PR-P-111: 2.4, 2.5, AECL-5614) nuclear

structure arguments can be used to relate moments of states

studied by time-dependent perturbed angular distributions (TDPAD)

to those of similar structure known absolutely from atomic

physics experiments. Most suitable for this purpose are a

series of ll/2~ states, whose Q has been measured by optical

spectroscopy in 1 1 1' 1 1 3' 1 1 5cd (see Laulainen and McDermott,

Phys. Rev. 177 (1969) 1615), and for which the TDPAD method is

applicable in 1 0 7 / 1 0 9Cd.

We have now determined the quadrupole interaction fre-
— 109

quency for the 10.6 us 11/2 isomer in Cd by TDPAD. Excited

Cd recoils were produced by the Zr( O,3n) reaction at 56

MeV and implanted into thicK Cd heated to 210°C. The pulsed

beam bursts used were _<_ 5 ns wide and separated by 25.6 us. A

running period of three days was required to determine the pro-

duct |eQV /hj = 136.6 ± 1.0 MHz from the observed time distri-
z z - +

bution of the 259.5 keV 11/2 -> 7/2 M2 transition. Simultaneously

we observed | eQV /h| = 109.3 ±1.8 MHz for the 11:LCd (5/2+)

isomer which was produced by Coulomb excitation in the Cd backing.

In Table 2.5.1 we compare static quadrupole moments of

11/2", 5/2+ and 21/2+ states in Cd isotopes obtained by optical

spectroscopy and by TDPAD. The EFG for CdCd was calibrated by

extrapolating the nuclear quadrupole moments from Cd (ll/2~)
109 -

to Cd (11/2 ). This extrapolation should be fairly reliable,
since the h,,/o neutron shell is gradually being filled starting

105 J-J-/̂
at Cd, and because the effect of filling this shell can be

observed over five isotopes. The present procedure implies

Q( Cd, 5/2 ) =0.74 eb in disagreement with the lower value

deduced from solid state physics arguments.

Another interesting aspect of the results shown in Table

2.5.1 is the striking violation of the addivity rule for quadru-

pole moments of 21/2+ states in 1 0 5' 1 0 7Cd. We calculate Q(105Cd,

21/2+) = 1.55 eb and Q(107Cd, 21/2+) = 1.80 eb, using the atomic



Table 2.5.1

Static Quadrupole Moments in Cd Isotopes3'

J Quasiparticle 105_- 1^7 , 109_, 111 ,
Structure c a t'a c a .

11/2" hïi/2 ( v ) -0.94(9) -0.92(9) [-0.85(9)][-0.71(7)][-0.55(6)]

5/2+ ^"^(v) [0.43(4)] [0.68(7)] [0.69(7)] 0.74(7) f

S
21/2+

 g:^,(Tr)d:/-(v) 1.17(12) 1.21(12)

a) Atomic data in [] from Laulainen and McDermott, Phys. Rev. 177 (1969) 1615. TDPAC data

from present work and from PR-P-111: 2.4, AECL-5614, normalized to the atomic data at
109 —

Cd (11/2 ). The estimated errors () result entirely from uncertainties in the calcu-

lation of the atomic EFG.
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data for 5/2+ states in 1 0 5 / 1 0 7cd and for 9/2+ states in In

isotopes (Q 'v* 0.86 eb nearly constant between In and In).

It should be noted that with the proposed configuration of g

d5/2(v) the observed g-factors (see PR-P-111: 2.4, AECL-5614)

are reproduced to ± 1%.

2.6 Shell Model Calculations for N = 48 and N = 49 Nuclei

T. Faestermann, 0. Hausser and I.S. Towner (Theoretical
Physics Branch)

Recently we reported (PR-P-113: 2.3 and 2.4, AECL-5802)
• og op On

g-factor measurements for 8 states in Sr, Zr and Mo, for
+ 91

a 21/2 isomer in Mo and for a newly found isomer, which we
90

ascribed to Nb. In order to reach a better understanding of

the structure of these states we performed shell model calcul-

ations in a model space, which included the 2p. ,„ andorbitals for protons and neutrons. The matrix elements for the

p-p and p-n interaction were taken from Gloeckner et al. (Nucl.

Phys. A220 (1974) 477 and A256 (1976) 45) whereas those for the

n-n interaction were chosen to fit the energies of the known two
86

neutron hole states in Sr. With the resulting wave functions

we calculated g-factors and B(E2) values for the isomeric states

using experimental single particle g-factors with small corrections

for changes in the core-polarization and empirical effective charges

of e =1.72 and e = 1.67. The results are compared with the

measured values in Table 2.6.1.
88

The observed excitation energies for states in Zr
90

and Mo were reproduced within 90 keV and 170 keV, respectively.

The calculated g-factors for the 8 states are in excellent

agreement with our measurements, considering that there is a

considerable fraction in the wave function, which consists of

seniority four configurations with excited proton pairs.
90

The calculations for Nb show that the lowest high spin

isomer should be an 11 state. From the experimental gamma-ray



Table 2. 6 .1

Electromagnetic properties of isomers in N = 48 and N = 49 nuclei

Nucleus

88.
40 r48

»»4.

State

8+

8+

Main
Intensity

(%)
53

40

+ v =

49

25

Configuration

ir v

P2;O g"2.8

g2;0 g"2;8

4 configurations

2 2 -5
p g ;0 g ;8
4 -?

g ;0 g ";8

g^.=T^
caj.c

-0.220

--0.174

+ many v = 4 configurations

'exp
B(E2calc B ( E 2 )exp

-0.2264(20) 72
(e2fm4)

-0.1739(18) 124

40 (2)

73 (5)

CO

I

>« 11 74 p g^;17/2 g"J

24 p g2;13/2 g"1;9/2

0.804 0.798 (3) 59 57 (4)

42Mo49 21/2 51

24

14

PV»8
pVl6

g4;8

g'1;9/2

0.853 0.854(9) 42 35 (1)
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energies, intensities and angular distribution coefficients we

propose a partial decay scheme with the following l" (Ex in keV):

8+(0); 9+(813.5) (a 9+ state at ^ 819 keV has been seen in the
92Mo(d,ot)90Nb reaction, Nuclear Data Sheets 1± (1975) 55); 9~(1809.3);

ll~(1880.6) and gamma transitions frcm each level to all of the

lower lying ones. The calculated energies for these states are

within 80 keV and we find excellent agreement for the B(E2; 11

•*• 9~) and the g-factor of the 11~ state. Similarly impressive

results are obtained for the B(E2; 21/2+ -> 17/2+) and the g-
+ 91

factor of the 21/2 state in Mo, where the excitation energies

of the observed levels are reproduced within 140 keV.

These calculations show, that the shell model can pre-

dict g-factors of complex states extremely well in this mass

region if the additivity principle is abandoned and state depen-

dent g-factors are used instead.

212
2.7 Spin-Parity Assignments for High Spin Isomers in Rn

D. Horn, O. Hausser, T. Faestermann, T.K. Alexander and
A.B. McDonald

We have previously establisheJl a level scheme, isomeric
212

lifetimes, and g-factors for high spin levels in Rn (see PR-

P-lll: 2.3, AECL-5614; PR-P-112: 2.6, AECL-5696;and PR-P-113:

2.7, AECL-5802). Spins and parities suggested for levels above

the 4044 keV 17~ state were largely conjectural. Firm assign-

ments have now been made based on measurement of the angular

distributions and linear polarization, P , of the transitions

in question by using again the Hg( C,5n> Rn reaction. A

simultaneous fit of the angular distribution coefficients, A_

and A., and of P^ (measured with a Compton polarimeter consisting

of three Ge(Li) detectors) uniquely determined the angular momentum

change, Aj, the multipolarity, X , and the magnetic or electric

character of each transition, as well as the mixing ratio 6.

These quantities and the consequent J assignments are summarized

in Table 2.7.1 for levels above 4044 keV in excitation. Except
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for the 1047 keV (18~ -»• 17~) crossover transition, for which

6(<E2>/<M1>) = 1.4, the main sequence appears to have no strongly

mixed transitions.

The E2 assignment for the unobserved transition, A =

Ex(22
+)-Ex(20

+), is the only link that is not based on experi-

mental evidence in the sequence leading to 30+ for the upper-

most isomer. It does,- however, agree with the theoretical pre-

diction (Bergstrom, Blomqvist and Herrlander, Research Institute

of Physics, Stockholm, Sweden Annual Report 3.3.21 (1976)) for a

20 , 22 doublet at this energy, and the configurations upon which

this is based in turn agree with our measured g-factors as reported

previously.

B(EX) values have been extracted from the previously

measured isomeric lifetimes and were found to agree within 30%

with estimates using experimental single-particle strengths fer

proposed configurations, except for the 30+, t,,- = 154 ns isomer,

for which the B(E3) calculated is about a factor of five less

than the experimental value.

To explain the existence of such high spin isomers, the

model of maximum overlap of nucleonic wavefunctions by alignment

(MONA) of single-particle angular momenta (Faessler et al., Phys.

Rev. Lett. 36^ (1976) 1028) has been suggested.

J71 Assignments

Level

Table 2.7.1

for Upper Levels in
212

Rn and Supporting Information

Transition

30+

27"

25

22+

20+

19
18

17

17"

Ex(keV)

8550 ̂

7849 H

7113 ̂

6145 H

6145

5750

5092

4560

4044

u A

I- A

1- A

h A

E^fkeV) A

701

736

968

A

395

658

532

516

0.632

0.323

0.574

-0.212

-0.213

-0.335

0.430

2

(51)

(42)

(23)

(18)

(49)

(57)

(51)

A4

0.044

-0.098

-0.025

-0.007

0.008

-0.018

0.003

(65)

(57)

(32)

(25)

(73)

(81)

(72)

0.

0.

0.

0.

-0.

-0.

0.

PY

55

40

79

33

39

43

98

(24)

(27)

(19)

(10)

(12)

(16)

(21)

Type

E3

E2

E3

(E2)

El

Ml

Ml

Ml
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2.8 Beta-Neutrino Correlations from the Kinematic Shift of Beta-
Delayed Particles

E.T.H. Clifford, H. Schmeing (Neutron and Solid State Physics
Branch), T. Faestermann, K.P. Jackson, R.E. Azuma (University
of Toronto) and J.C. Hardy

Further experiments have been carried out in the beta-

neutrino angular correlations program (PR-P-113: 2.14, AECL-5802).

The delayed-alpha emitter Na was produced in the Ne

(p,n) Na reaction on neon gas at 20 MeV incident energy and then

transported to a counting chamber anr* deposited on an aluminum

foil using the helium jet and skimmer system (Nucl. Instr. &

Meth. 139 (1976) 335). The production of a thin source is very

important for the measurement of small shifts in the alpha par-

ticle energy. The "" O recoils resulting from the beta-delayed

alpha decay of Na provide a sensitive indicator of source

thickness. Their energy loss was used to determine that the
2

source was less than 20 yg/cm thick, less than the dead layer

of a surface barrier counter.

High background in the beta-detectors due to prompt

radiation from the proton beam hindered initial measurements

of the kinematic shift. This background was greatly reduced by the

incorporation of a shielding castle surrounding the counting

chamber.

A beta telescope has been built in order to improve

the response function of the beta detector. It consists of a

plastic scintillator (NE-102) E detector and a AE detector made

from a totally depleted silicon surface barrier detector 300 ym

thick with an area oi Joo mm .

With the aforementioned improvements it has been possible

to measure the kinematic shift of the alpha-particle energy as

a function of beta energy with sufficient accuracy to demonstrate

a clear distinction between a Gamow-Teller beta-transition and

a transition which has a dominant Fermi component. Further work

will be necessary in order to make an accurate determination of

the beta-neutrino correlation coefficient.
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2.9 Computer Simulation of Perturbed Angular Correlations

H.R. Andrews

The program described previously (PR-P-112: 2.8, AECL-

5696) for the modelling of perturbed angular correlations in

isolated atoms has been extended to include various distri-

butions of static hyperfine fields as well as random sampling

from Lorentzian and Gaussian field distributions. The code

is being used to relate the hyperfine field distributions ob-

served in the vacuum deorientation measurements with the per-

turbations arising from recoil in gas. In this way the correl-

ation times for the gas collisions can be deduced. From these,

atomic cross sections for randomizing collisions can be obtained.

2.10 Lifetimes for the Ground State Rotational Band in Lu

D. Ward, H.R. Andrews, R.L. Graham with P. Skensved, R. Kozub,
J.R. Leslie and W. McLatchie (Queen's University)

The K = 7/2 ground state rotational band in Lu has
40

been Coulomb excited to spin 27/2 using Ca ions at 168 MeV

incident energy. De-excitation gamma rays were detected in
40coincidence with backscattered Ca ions. Gamma ray angular

correlations were also measured. From Doppler broadened line-

shape analysis of the gamma rays observed at 0 to the beam

direction we obtained the lifetimes given in Table 2.10.1.

Gates were set on the particle spectrum corresponding

to 168-153 MeV and 153-141 MeV incident energy. The importance

of feeding changed quite significantly between these two gates

and the agreement shown in Table 2.10.1 is good confirmation

that feeding was correctly taken into account in the lineshape

calculation. The errors shown in the Table are purely statis-

tical and do not reflect the uncertainty in the stopping powers

for Lu in Lu. It is planned to compare these results with recoil

distance measurements.
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Table 2.10.1

Lifetime x(ps)

Transition Energy(keV) Particle Gate I Particle Gate 2

27/2+23/2 575.0 (1)

25/2+21/2 541.2 (.5) 1.05 ± 0.08 0.95 + 0.10

2?/2+19/2 506.4 (.3) 1.40 ± 0.05 1.45 + 0.05

21/2+17/2 468.8 (.2) 2.00 ± 0.05 2.02 ± 0.05

19/2+15/2 429-.05(.l) 3.12 + 0.10 3.15 ± 0.10

17/2+13/2 387.4 (.1) 5.05 ± 0.20 4.80 ± 0.25

15/2+11/2 343.7 (.1) 9.25 + 0.40 9.15 + 0.40

2.11 Development of a Fission Chamber for Detecting Neutrons

with Good Timing

D. Ward and M.A. Lone (Neutron and Solid State Physics Branch)

We have developed a uranium loaded gas scintillation

chamber for the purpose of measuring neutron spectra by time

of flight. This combines the well-known, nearly flat, efficiency

for detecting neutrons by induced fission, with the fast timing
238

properties of gas scintillators. In the first test, U in the
_2

form of UF, was evaporated to a thickness of ^ 1 mg^cm on both

sides of each of ten mica sheets (10 x 10 cm), giving a total

of about 2 g of uranium. The sheets were quite transparent in

appearance, however a stack of ten clearly attenuated light from

the gas scintillations. Nevertheless, it was expected that the

fission pulses would be much larger than those corresponding to

other events. The stack was loaded inside a gas scintillation

chamber filled with an argon-nitrogen mixture at atmospheric

pressure. The spacing between the sheets was 1 cm so that most

of the fission fragment energy would be deposited in gas. Scin-

tillations were observed in two 8575 photomultipliers.
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To test the apparatus we observed the high energy

neutrons and gamma rays produced by bombarding natural lithium

with 12 MeV protons using the pulsed beam facility at the

tandem Van de Graaff. A small stilbene crystal operated with

y-n pulse shape discrimination was placed behind the fission

chamber in order to monitor its performance. The chamber did

respond to both neutrons and gamma rays as judged from the

time of flight spectra ', however the scintillation pulse height

spectrum was essentially continuous. It was therefore not

possible to make a clean distinction between fissxon pulses

and other ionizing events. We conclude that the attenuation

and non-uniform collection efficiency of the light, introduced

by the mica-uranium stack, was too severe.

A new chamber is under construction which has a greatly

improved light collection efficiency at the expense of the mass

of uranium involved.

2.12 A Heavy Ion EAE Telescope

D. Horn, A.J. Ferguson and 0. Hausser

An energy-loss counter telescope for use with heavy

ions has been designed, constructed and tested. The instrument

is similar to EAE counters in use at other laboratories in that

it consists of a gas-filled proportional counter backed by a

silicon surface barrier detector. The CRNL version is cylind-

rical in geometry with a thin entrance window at one end to

admit heavy reaction products. Ions traverse the chamber,

depositing energy AE in the gas, and strike the silicon detector

at the other end with residual energy E. The ions may then be

identified on the basis of their E and A E , the product of which

is roughly proportional to MZ , the mass of the heavy ion times

the square of its nuclear charge. In the range of elements be-

tween carbon and calcium, the resolution is generally sufficient

to determine Z but not M.
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2
The entrance window is 10-15 layers (40-60 pg/cm ) of

VYNS film laminated over an 88% transmission nickel mesh, and

covers a re-entrant circular opening 2.06 cm in diameter. A

stainless steel wire 1.27 x 10~ cm thick serves as the pro-

portional counter anode and extends parallel to the trajectory

of the particles, but out of their path. A hemi-cylindrical

guard is concentric with the anode to insure a uniform field for
2

charge collection. Finally, a 450 mm water cooled silicon

heavy ion detector stops the particle.

Tests of the instrument using P-10 gas (90% argon, 10%

methane) at 3 to 13 kPa pressure showed the optimum voltages to

be +300 to +400 V on the anode and about half that on the guard,

with the cathode grounded. In these tests, resolution of about
32

6% in AE was achieved for a calibration beam of 40 MeV S.

The telescope has been used in fusion reactions forming
42

the compound nucleus Ca at 50, 65 and 77 MeV of excitation by
16 26 19 23

the reactions 0 + Mg and F + Na. Though the data are

still being analyzed, it was immediately apparent that evapor-

ation products between Z = 13 and Z = 17 were produced. Unit

resolution in 2 was obtained for fusion products and light

contaminants up to Z = 14.

Limitations on the resolution for heavier ions should

not prevent such a telescope from being used to detect

and identify groups of very heavy reaction products (e.g. fission

fragments, fusion residues, and fragments from deep inelastic

collisions) and to measure their cross sections.

2.13 Beam Emittar 3 Measurements

T.K. Alexander, J.S. Forster, W.G. Davies and N. Burn (Operations
Branch)

The results of emittance measurements have been

different on different experiments with 32S beams. Also, in-

consistent results on the value of multiple scattering angles

during a given experiment have been obtained (see PR-P-112: 2.20,
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Table 2.13.1

16 32
0 and S beam emittance values obtained for 90% beam intensity

earn

1 60

32s

Energy

(MeV)

40

70

55

80

z (mm • mrad • MeV )

previous*

-

-

15

15

-

-

,28

,29

present

10

31

e (mm-mrad

previous*

—

—

14,28

20,35

.MeV5)

present

9.5

31

*PR-P-112: 2.20, AECL-5696.

Table 2.13.2

Multiple scattering angles deduced from emittance diagrams

earn

1 60

32S

Lgmun

Energy
(MeV)

40

70

a & K.B.

Nomxnal
Foil thickness

(ug/cm2)

10

20

10

20

Winterbon, Nucl.

0.

0.

0.

1.

Instr

65

97

67

41

. &

(mrad)

0.67

1.15

0.67

1.59

Meth. 119,

A

theory

0.45

0.90

0.47

0.94

541 (197-
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AECL-5696). These troubles could be due to faulty apparatus,

(on-line testing procedures are not simple), changes in the beam

properties or changes in the foils during bombardment. There-

fore in the present experiment proper testing procedures were

devised and carried out and showed that the apparatus was oper-

ating correctly. Flat, self-supporting carbon foils of 10 and

20 pg/cm thickness were used to measure the increase in emit-

tance. Some of the previous foils had been coated with cellulose

nitrate to facilitate handling the foils.

It is seen in Table 2.13.1 that good consistency is ob-

tained between the S beams in this experiment and one previous

occasion but not in the other. The smaller values were probably

caused by a poorly transmitted beam through the accelerator and

beam transport system-

Multiple scattering angles deduced from emittance measure-

ments with 10 and 20 pg/cm foils placed in the beam are listed

in Table 2.13.2 along with the theoretical estimate of Sigmund

and Winterbon. The present results are consistent. The previous

inconsistent measurements(not shown) are concluded to be faulty

because the cellulose nitrate layer on the carbon foils slowly

sublimed during the measurements. A proper error analysis is

not yet possible but a feeling for the accuracy may be gained

by comparing 0 and 8 (they should be equal) in Table 2.13.2.

2.14 Computer Aided Control System for the Superconducting Cyclotron
and MP Tandem

R.L. Graham, L.D. Hansen (Mathematics & Computation Branch),
R.B. Walker and B.F. Greiner (Technical Information Branch)

The PDP-11/34 computer has functioned satisfactorilv

apart from a hardware fault in the line-printer. The

CA-11C CAMAC interface has now been delivered. A second LA-36

terminal is now installed. A single segment of the proposed

new control desk configuration (12 segments) has been deliver-

ed and is being equipped with a colour TV monitor, a touch
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panel, and two crates; two control knobs will be added later.

The manual crate controller has become operational and

is being used to check the available modules. Control knob

modules of the VICKSI design are now under construction. The

next set of commercial CAMAC modules has been selected and

orders have been sent out.

To facilitate the mapping of the magnetic field in the

test magnet, a communication link is planned between the PDP-11/34

coiaputer in building 137 and the SCC magnet which will be located

in the extension to building 467. Coaxial cables will serve as

a bit serial highway and telephone lines will be used for the

remote computer terminal. J. Steljes of the Mathematics and

Computation branch has agreed to supply the two modems needed

for the terminal link. Some additional CAMAC modules will be

needed.

The December 1976 version of the MUMTI software system

from the Hahn-Meitner Institute has been installed and seems to

be operating without any observable bugs. The VICKSI system

Variable Data Base Management software has also been installed.

As an initial test of the latter, a data base has been built for

an educational crate. While this management system is basically

functional several minor bugs have been discovered and documented.

The first stage in the study of this software, the cataloguing

of the *> 270 CAMAC routines, is now essentially complete. The

next stage, establishing the logic of these routines, is now

underway, a process which is expected to continue for many months.

The first meaningful exercise of the system will be to

set up an educational crate containing controls for a power supply,

a stepping motor, calibrated knob, meters, lights, switches, etc.

This will permit would-be MUMTI users to learn how to write simple

control and monitor programs. This educational crate is now being

constructed.
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2.15 Neutron Shielding Requirements for the Superconducting Cyclotron

G.C. Ball

Recently Bertini et al. (Phys. Rev. C14 (1976) 590)
12

calculated the neutron spectra produced by 16-75 MeV/u C on
56

Fe. The most significant feature of these spectra is the

appreciable number of neutrons emitted with energies greater

than the incident E/u, particularly at forward angles. Shielding

calculations based on these spectra together with measured neutron

attenuation lengths for ordinary concrete (Patterson et al.

Part. Accel. 2̂  (1971) 77) have been carried out for 1 particle

yA beams of 25 and 50 MeV/u C ions stopping in Fe. The

results are being used in the design of shielding walls for the

MP-HISC facility.

2.16 Design of the Beam Transport System for the Superconducting
Cyclotron

W.G. Davies and A.R. Rutledge

The design of the beam transport system following the

cyclotron is essentially complete to 10 of the 11 target loc-

ations (see PR-P-114: 2.17, AECL-5845). The design is tele-

scopic, i.e. the transfer function is a unit matrix. This

gives the versatility required at the target locations and in

addition avoids the over focussing common in simple waist-to-

waist systems. Matching the cyclotron beam into this telescopic

system is achieved with a four element lens immediately following

the cyclotron, that determines the beam size and shape at every

target location. The cyclotron analyzing magnet has a momentum

resolution of 1/1500 for a 1 mm spot size in x. The dispersion

at the target locations (except that for the on-line isotope

separator,ISOL) is however controlled by a set of three down-

stream triplets to provide the following modes of operation:

1. doubly dispersive - the dispersions of the analyzing and

switching magnets are added to double the resolving powers.
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2. non-dispersive - the two dispersions exactly cancel as a

result of symmetries designed into the system.

3. achromatic - both angular and linear dispersions are zero.

4. isochronous - beam pulses are not debunched.

All of these modes, plus intermediate ones, are available

at the six locations in target rooms 1 and 4. For the QD spec-

trometer in target room 3, dispersion matched and dispersion free

solutions have been obtained. The dispersion and timing prop-

erties are not as good for the two lines into the ISOL room

and the atomic physics line. Acceptable beam spots are however

available.

The design of the first half of the cyclotron injection

line was described in PR-P-113: 2.17, AECL-5802) and is complete.

The design of the second half of the injection line is now under-

way. A thin lens solution has been obtained that gives an exactly

isochronous solution, independent of the transverse emittance,

at the stripper foil. Thus it is possible to adjust the beam

shape on the stripper and the isochronism independently. The

design with realistic quadrupoles is well advanced.

An acceptable solution for the bypass line has been found.

It uses the first achromatic dipole doublet following the tandem

as the analyzing magnet system. The buncher is also available

for use on the bypass line.

2.17 Control Room and Target Room Layout for the Heavy Ion

Superconducting Cyclotron (HISC) and MP Tandem Facility

J.C.D. Milton, T.K. Alexander, H.R. Andrews, N. Burn (Operations
Branch) a.C. Ball, W.G. Davies, R.L. Graham, H. Schmeing (Neutron
and Solid State Physics Branch) and R.B. Walker

The preliminary design of the Control Room addition

has been sent to De Stein Associates for detailed structural

design, and the preliminary design for the target rooms and

HISC addition is ready to be sent. The main floor layout, il-

lustrated in Fig. 2.17.1 is strongly influenced by properties
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of the beam transport system (see PR-P-114: 2.16, AECL-5845).

For example it is impossible, because of the short flight path

following the cyclotron analyzing magnet, to obtain in target

room 5 the full range of desirable beam properties; in particular

good timing properties cannot be obtained. It is thus imperative

to locate the on-line mass separator (ISOL) there since, although

it requires the highest possible intensities, it is insensitive

to the precise energy and time dispersions of the beam. Not

shown in the figure are a basement under the control room addi-

tion and a service room over the injection line to the cyclotron.

The basement will contain some air conditioning equipment, an

electronic maintenance area and storage. The service room houses

the rest of the air conditioning equipment and the facilities

necessary for operating the cyclotron such as the RF and magnet

current supplies, and the helium storage and liquifier.

Provision has been made for possible future extensions.

For example, a large target room could be built adjacent to

target room 3, and a counting room for the ISOL, additional to

room 6 can be added over rooms 4 and 6, adjacent to the existing

tandem service room over target room 1. The design allows dual

ion source cages although the accelerator can operate with one.

A second identical cage could be added for use as an ion source

test facility and would improve the reliability and availability

of negative ion beams. Some features of the design are already

being implemented, for example the SF, storage tank is now being

installed in the location shown.

A report, CRNL-1631, has been submitted to the AECL

Accelerator Safety Committee to provide them with the information

necessary to assess this preliminary design. In general the con-

crete shielding walls shown in Fig. 2.17.1, together with a ^ 0.5

m roof thickness provide adequate shielding to reduce the "worst

case" radiation fields in uncontrolled areas to 0.25 mR(mrem)/h.

However local shielding (not shown) is required over the cyclotron

analyzing magnet slits and Faraday cup, and over the ISOL target,

if full design currents are achieved. A ceiling higher than those

in target rooms 1, 2 and 5 is required over the ISOL target in

order to accommodate sufficient local shielding.
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2.18 Computer Data Control Interface

R.L. Brown and R.E. Howard

A unit has been installed that interfaces the PDP 10,

the PDP-1, and a possible third computer to the two experimental

control centres for the taking of data. Implementing this new

role for the PDP 10 involved assigning control pulses from, and

status and interrupt signals to, that computer. Additional

circuitry has been incorporated into this unit in order to allow

external monitor electronics such as the "Threshold Shift Stabili-

zation Monitor" described in PR-P-112: 2.18, AECL-5696 to control

data taking if necessary. Front panel switches allow the control

inputs from the monitor to be disabled. An audio alarm is avail-

able to warn the experimenter that his data control centre has

been turned off by an external device.

2.19 Target Preparation

J.Ii. Gallant and D.J. Yaraskavitch

The following self supporting targets were prepared for
24

nuclear physics experiments during this quarter: Cd, Au, Mg,
26Mg, 1 7 2Yb, Ca, 160Gd, C, 2 4Fe, Lu, ?Li. Sodium targets as

sodium bromide and sodium iodide were evaporated on thin carbon

films. Sulfur targets as antimony trisulfide and lead sulfide

were also evaporated on thin carbon films and natural carbon on

nickel foils.

Work done for other branches

Several laser mirrors were gold coated for the Physical

Chemistry Branch. Carbon films were mounted and gold evaporated

on beryllium for the Solid State Science Branch. Evaporated B

and natural dysprosium on large glass plates were fabricated for

the Fuel Materials Branch and were used in neutron radiography

development work.
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Work done for universities

Four carbon discs 3.3 cm diam x 0.3 cm thick were pre-

pared for Dr. Tom Masterson of University of British Columbia

(TRIUMF) and will be used in pion experiments. Two discs were

natural carbon and two 99% C.

2.20 Computers and Instrumentation

F.J. Sharp

Construction of the replacement off-line display system

for the PDP 10 computer is about 50% completed. The micro-

processor addition for the existing on-line display is approxi-

mately 25% completed. Because of the ready availability of

microprocessor modular system boards from several commercial

sources and the compatibility between these various sources and

the popular S-100 data bus, it was decided to purchase the modular

system boards separately and construct our microprocessor systems

from them. At present/ a Zilog 80 C.P.U. controller board and

a Cromemco memory board have been received - the quality and

design of these boards are satisfactory.. .

A digital time-to-amplitude converter capable of 10

nanosecond bin widths has been built from Motorola 10,000 series

ECL logic. It is presently being tested.

Since successive approximation ADC modules and sample

and hold modules are available commercially at a reasonable

cost (12 bit ADC with 15 ps conversion time and sample and

hold with aperture times of 1 \is) , a successive approximation

ADC with Gatti averaging has been built and is being evaluated.

The working drawings for the PDP-10 to PDP-11 direct

memory interface have been completed. Construction is expected

to commence in the near future.
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Since the new air-conditioning unit was installed last

month in the PDP-10 memory room, the errors on the Intel Semi-

conductor Memories have once again ceased. At present, attempts

are being made to keep other PDP-10 cabinets in the Control Room

cool by installing muffin fans in the side panels.

2.21 Tandem Electronics

J.P.D. O'Dacre

Bench tests have been completed on a nuclear magnetic

resonance system with a long-term stability of ± 1 part in 10

or better over a frequency range of 4.25 to 78 MHz. The tests,

conducted at random frequencies, covered periods of up to three

days.

The system uses a standard commercially available NMR

probe, which has its oscillator output applied to a frequency

counter; the digital output of the counter is in turn compared

with the digital output from a set of thumb-wheel switches, or

computer output, specifying the required frequency. The digital

output of the comparator circuitry in turn selects the required

frequency band, tunes the oscillator to the desired frequency,

and maintains it there automatically. The reference for the

accuracy and stability for such a system then becomes that of

the crystal time base of the counter, which also serves as the
••8

read-out. The stability of this time base is Af/f = 3 x 10

per month. With digital comparison over seven decades a stability

of 1 x 10 was readily obtained; on the lower frequency it was

exceeded.

It is now proposed to construct an operational model

in which a phase sensitive detector based on the crystal con-

trolled NMR controls the fine trim current for a large magnet,

the analyzing magnet. Conventional current control will supply

97% of the required input. Such a precisely controlled trim

current should be able to maintain the magnetic field to very

high orders of stability.
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2.22 MP Tandem Operation

J.C.D. Milton

Despite further problems related to the isolation

transformer and a six day loss from a failure of the ion

source extraction supply caused by a vacuum leak, the avail-

ability of the tandem was much better this quarter (see Table

2.22.1). The tank was not entered until the scheduled shut

down in June. Thus 16 experiments were performed involving

CENL and 16 visiting scientists. For the first time an

experiment was performed entirely by visiting scientists,

H. Jeremie, L. Lemay and M. Irshad from Université de Montreal,

without CPNL collaboration. In all, non-CRNL scientists were

involved in nine experiments occupying 62% of the beam time

during which their average participation was 58%.

Table 2.22.1

hours %

Beam available

Scheduled shutdowns

Unscheduled shutdowns

T o t a l 2304 100.0

134
2.23 Standardization of Cs

J.S. Merritt and F.H. Gibson

134
Approximately 5 mCi (180 MBq) cs was purified chemically

and used to prepare a stock solution for which the activity was

determined by the 4irB-y coincidence method. The statistical

error of the weighted mean from three determinations, each with

a different gamma-channel gate, was ± 0.015%. Sources of syste-

matic error are much larger and an overall uncertainty of + 0.4%

in this measurement has been estimated. Dilutions and sources

were prepared for distribution within AECL, mostly for calibration

1098
502

704

4 7 .
2 1 .

30 .

7
8

5
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of gamma-ray spectrometers (see section 2-24 below). Ampoules

were sent to the International Bureau of Weights and Measures

(BIPM) and the International Atomic Energy Agency (IAEA) for

participation in their respective measurement assurance programs,
134

where they will be compared with other Cs standards that have

been issued by international standardizing laboratories.
i r>A

A report "Standardization of Cs (1977)", AECL-5834,
about this measurement has been prepared.

134
2.24 Calibration of the 4TTY Ion Chamber for Cs

J.S. Merritt and F.H. Gibson

134
Samples of the standardized Cs solution were compared

versus a radium reference source in the 4iry ion chamber (IC) .
134

This direct calibration will allow future Cs determinations

by IC measurement which is much faster than the 4irg-y coincidence

method for a complex decay scheme. The observed response factors
134

for Cs were compared with the expected factors calculated

from curves of IC response versus gamma-ray energy and the decay data

given by Martin (ORNL-5114, 1976). For all three IC sample

holders normally used these factors agreed within 0.1%, which

is gratifying. These data also are given in tiie forthcoming

report, A.ECL-5834.

2.25 Calibration Assistance to Nuclear Medicine Clinics

J.S. Merritt and F.H. Gibson

As part of the work done on behalf of the International

Committee for Radionuclide Metrology (ICRM), a number of Canadian

nuclear medicine clinics and other laboratories involved in work

with the life sciences were requested to indicate problems en-

countered with measurements of radionuclides. The results of

this survey indicated some serious doubts about the calibration

of "dose calibrators" (specially designed ion chambers for nuclear

medicine) for low gamma-ray energies, in particular for 6-h
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Tc which emits 140-keV gamma rays and is an important radio-
99

nuclide (daughter of Mo) in nuclear medicine. To assist in

assessing the nature and magnitude of this difficulty, this labor-
141

atory standardized a solution of Ce, which decays with the

more convenient half-life of 32.5 d and emits 145-keV gamma rays

in 48% of its decays. The 4TT8-Y coincidence method was used for

this standardization. Samples of the solution have been sent to

two Canadian clinics and the U.S. National Bureau of Standards

(NBS). The two hospital clinics will record the response of the
141

Ce solution with several dose calibrators from different hospi-

tals in their respective cities. NBS has a dose calibrator that

has been calibrated for Tcm among other radionuclides, and it

will report the relative response of Ce/ Tcm for its instru-

ment.

International Council for Radionuclide Metrology (ICRM) Comparison
of Gamma-ray Emission-rate Measurements

J.S. Merritt and F.H. Gibson

This laboratory recently participated in a comparison of
152

Eu by gamma-ray spectrometry sponsored by the ICRM. Each
152participating laboratory received a Eu source from Physikalisch-

Technische Bundesanstalt (PTB); these sources will be returned to

PTB for relative gamma counting to ensure that each participant

tested a representative sample. Thirty laboratories from sixteen

countries are listed as participants. The questionnaire completed

by participants includes information about the Ge(Li) detector

used, its efficiency calibration, summing corrections, dead-time

and pile-up corrections, and the counting-rate results for ten

gamma rays from the Eu decay.

ICRM hopes the results of this comparison will encourage
152

use of Eu as a gamma-ray standard. Among its advantages are

a long half-life (13.3 a) and its good distribution of intense

gamma rays over a wide energy range (122 to 1408 keV). Its com-

plex decay (> 60 gamma transitions) is a disadvantage.
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2.27 Preliminary Tests on a New Ge(Li) Detector

F.H. Gibson and L.V. Smith

An Ortec VIP10 Ge(Li) detector (Serial No. 2452) has been

received and performance tests to date indicate it is satisfactory.

Its efficiency was determined as 11.4% relative to a "3 x 3-inch"

Nal detector at a distance of 25 cm from a Co source. Values

for resolution (FWHM) at 1332 keV and peak/Compton ratio are

1.938 keV and 40:1 respectively. Such performance will be valu-

able in the assay of impurities in radionuclide standards.

Three source holders have been machined to enable accurate

positioning of the sources at 5, 10, and 20 cm. An adaptive collar

has also been machined to allow removal of the dipstick by ^ 15 cm

so that the detector will be compatible with existing lead shield-

ing (PR-P-87: 3.4.1, AECL-3742).

2.28 Standards Issued

J.S. Merritt and F.H. Gibson

*60
Co - Reactor Control

*133
Ba - Reactor Control

134
Cs - Analytical Science Branch, WNRE

134
Cs - Environmental Research

134
Cs - General Chemistry

1 3 4Cs - Health Physics
134

Cs - Nuclear Physics
134

Cs - Radiation & Industrial Safety
134

Cs - Reactor Control
134

Cs - System Materials
134

Cs - Solid State Science
141

Ce - Princess Margaret Hospital

Ce - St. Joseph's Hospital

Yb - Reactor Control
241

Am - Environmental Research Branch, WNRE
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A special standard containing Co and Ba plus undetermined

quantities of Co and Eu sealed in a piece of pipe was pre-

pared; this is to simulate conditions encountered in tests for

failed fuel.

2.29 Miscellaneous Services

J.S. Merritt

A source of Ru was prepared for the Nuclear

Physics Branch

2.30 Double Photon Decay Following Neutron Capture in H^O and

E.D. Earle, R. King, A.B. McDonald and J.A. Atkins

see PR-P-114: 3.18

2.31 Travelling Heater Systems

H. Schmeing, R.J. Toone, W.F. Slater, R.R. MacLanders,
J.G.V. Taylor and M.M. Wightman

see PR-P-114: 3.22

2.32 Superallowed Beta Decay

I.S. Towner and J.C. Hardy

see PR-P-114: 4.8

2.33 Publications and Lectures

a) Publications

ASSIGNMENTS OF J77 IN 58Ni VIA (a,<x') AND (6Li,d) REACTIONS
G. Guillaume, F.C. Jundt, H.W. Fulbright, J.C.D. Milton and
C.L. Bennett
Communications to Phys. Rev. C15 (1977) 1156.

SEARCH FOR HIGH-ENERGY DEUTERONS IN THE 3He + 3He REACTION
AND THE SOLAR NEUTRINO PROBLEM
W.G. Davies, G.C. Ball, A.J. Ferguson, J.S. Forster, D. Horn
and R.E. Warner
Phys. Rev. Lett. 38 (1977) 1119.
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2 16
DOUBLY RADIATIVE THERMAL NEUTRON CAPTURE IN H AND 0;
EXPERIMENT AND THEORY
A.B. McDonald, E.D. Earle, M.A. Lone, F.C. Khanna and H.C. Lee
Nucl. Phys. A281 (1977) 325.

FLUORESCENCE YIELDS OF DOUBLE L VACANCY STATES PRODUCED BY
AUGER EMISSION IN TANTALUM
J.L. Campbell, L.A. McNelles, J.S. Geiger, J.S. Merritt and
R.L. Graham
Can. J. Phys. 55 (1977) 868.

b)Lectures

TIME EVOLUTION STUDIES OF HEAVY ION INDUCED FISSION
J.S. Forster
Seminar at Manchester University, 1 April.

SUPERALLOWED NUCLEAR BETA-DECAY: A NUCLEAR VIEW OF THE
Z-VECTOR BOSON AND SYMMETRY RESTORATION IN HIGH ELECTRO-
MAGNETIC FIELDS
J.C. Hardy
Colloquium at University of Aarhus, 18 April.
Seminar at Niels Bohr Institute, 20 April.
Colloquium at University of Stockholm, 25 April.

CAN A NUCLEUS TELL THE DIFFERENCE BETWEEN PROTONS AND
NEUTRONS
J.C. Hardy
at ISOLDE group meeting, CERN, Geneva, 29 April.

The following talks were presented to the American Physical
Society Meeting in Washington, D.C. 25-28 April 77.

THE MASS EXCESSES OF 2 2O AND 19N
G.C. Ball, W.G. Davies, H.R. Andrews, J.S. Forster, W. McLatchie
and R.E. Warner

DEVELOPMENT OF A GAS SCINTILLATOR SYSTEM FOR DETECTING RECOILS
FOLLOWING (HI,xn) REACTIONS
D. Ward, H.R. Andrews, 0. Hausser, R.L. Graham, R.B. Walker,
D. Horn, T. Faestermann and P. Skensved

TIME EVOLUTION STUDIES OF HEAVY ION INDUCED FISSION
J.S. Forster (invited talk)

MAGNETIC MOMENTS OF N = 50 ISOTONES
O. Hausser, H.R. Andrews, T. Faestermann, D. Horn, I.S. Towner,
D. Ward, J.R. Beene and C. Broude
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HIGH SPIN ISOMERS IN x"Ra
D. Horn, A.B. McDonald, O. Hausser, T.K. Alexander, T. Faestermann,
J.R. Beene and C.J. Herrlander

ISOSPIN FORBIDDEN PARTICLE DECAYS OF THE LOWEST T = 2 LEVEL OF 0
A.B. McDonald, S.J. Freedman, M.A. Oothoudt, R.G.H. Robertson,
F.J. Zutavern and E.G. Adelberger

The following papers were presented at the IV International
Conference on Hyperfine Interactions at Madison, N.J., 13-17 June.

STATIC QUADRUPOLE MOMENTS IN Cd ISOTOPES
G.D. Sprouse, O. Hausser, H.R. Andrews, T. Faestermann, J.R. Beene
and T.K. Alexander

TIME-DIFFERENTIAL MEASUREMENTS OF HEAVY ION NUCLEAR ALIGNMENT
DURING RECOIL IN VACUUM
H.R. Andrews, R.L. Graham, J.S. Geiger, J.R. Beene, 0. Hausser,
D. Ward and D. Horn

MAGNETIC MOMENTS OF N = 48-50 NUCLEI AND PROTON CORE POLARIZATION
0. Hausser, T. Faestermann, I.S. Towner, T.K. Alexander, H.R.
Andrews, J.R. Beene, D. Horn, D. Ward and C. Broude

g-FACTORS FOR THE K = 6, Jf = 6+ ISOMER IN 178Hf
T. Faestermann, O. Hausser, D. Ward, H.R. Andrews, T.K. Alexander,
D. Horn and T.L. Khoo

KNIGHT SHIFTS AND ABSOLUTE MAGNETIC MOMENTS IN TRANS-BISMUTH
NUCLEI
0. Hausser, J.R. Beene, T.Faestermann, T.K. Alexander, D. Horn,
A.B. McDonald and A.J. Ferguson

The following papers were presented at the Canadian Association
of Physicists in Saskatoon, Saskatchewan,20-23 June.

TIME EVOLUTION STUDIES OF HEAVY ION INDUCED FISSION BY CRYSTAL
BLOCKING TECHNIQUES
J.S. Forster (invited talk)

AN ACCURATE DSAM LIFETIME MEASUREMENT OF THE 3.35 MeV 4 + LEVEL
in 22Ne
T.K. Alexander, G.C. Ball, W.G. Davies and J.S. Forster

A J11 = 3" ISOSPIN MIXED DOUBLET IN 18F
W.E. Kieser, K.P. Jackson, I. Berka, R.E. Azuma, A.B. McDonald,
H.B. Mak and W. McLatchie
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NEUTRON AND SOLID STATE PHYSICS BRANCH

A.D.B. WOODS

3.1 Staff

3.2 Structure Factor of Heavy Water at High Pressures

3.3 Transverse Modes in DNA-type Pyrimidines

3.4 Phonon Dispersion Curves of 1-Methylthymine

3.5 Analysis of UV Induced Damage in DNA Pyrimidine
Structures

3.6 Orthorhombic-tetragonal Phase Transition in Potassium
Niobate

3.7 Phonons in Niobium and Molybdenum

3.8 Excitations in fee Co- g2
Feo Q8

3.9 Pumped Helium Cryostat

3.10 Excitations of Isolated Clusters of Magnetic Ions

3.11 Critical Magnetic Scattering from Uranium Nitride

3.12 Vertically Bent Pyrolytic Graphite Monochromator

3.13 Positron Trapping at Vacancies in y~Phase iron
A

3.14 The Atomic Kinetic Energy in Liquid He

3.15 The Momentum Distribution in Liquid He

3.16 The Commissioning of the Bremsstrahlung Monochromator
3.17 A Lower Limit for Coincidence Timing with the Multiwire

Fission Counter Facility

3.18 Double Photon Decay Following Neutron Capture in H-0
and D2O

3.19 N4 Thermal Neutron Facility

3.20 Reactor Beam Hole Use

3.21 CdTe from Solution Growth
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Travelling Heater Systems

Sublimation System

Impurities in CdTe and Te Samples by Mass Spectrometry

Supply and Servicing of Detector Systems

Glassblowing

Miscellaneous Services

Development of a Fission Chamber for Detecting Neutrons
with Good Timing

High Resolution Measurements of Isospin-forbidden
Resonances

Beta-neutrino Correlations from the Kinematic Shift of
Beta-delayed Particles

Control Room and Target Room Layout for the Heavy Ion
Superconducting Cyclotron (HISC) and MP Tandem Facility

Publications and Lectures
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3.1 Staff

BRANCH HEAD: A.D.B. Woods

Technical Staff Summer Staff

SECTION I

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

SECTION II

J.W. Knowles
E.D. Earle
S.T. Lim(l)
M.A. Lone

SECTION III

J.G.V. Taylor
H. Schmeing

SOLID

R.S.
H.F.
M.M.
D.C.

NEUTRON

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

STATE PHYSICS

, Campbell
, Nieman
, Potter
, Tennant

NUCLEAR PHYSICS

Inglis
King
Mills

COUNTER DEVELOPMENT

M.A. Gulick

Ms. K.L. Kavanagl

B.C. Robertson(5)
C.J. Zanfino(6)

GLASSBLOWING

J.G. Wesanko

DESIGN

D.B. Grant(2)
W. McAlpin
K. Tait(3)

Ms. M.M.L. Racicot
W.F. Slater
R.J. Toone

WORKSHOPS
R.R. MacLanders'
H.C. Spenceley

A.H. Hewitt

SECRETARIAL STAFF

Mrs. Dianne Mitchell

(1) NRC Post-doctoral Fellow from University of British
Columbia, Vancouver, B.C.

(2) Seconded from Design Engineering, effective April 26,
1977.

(3) Returned to Design Engineering May 2, 1977.
(4) Queen's University student; arrived May 3, 1977.
(5) Visiting summer professor from Queen's University;

arrived June 15, 1977.
(6) McGill University student; arrived May 9, 1977.
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3.2 Structure Factor of Heavy Water at High Pressures

G. Dolling with A.Y. Wu and E. Whalley (NRC, Ottawa)

Neutron elastic scattering measurements have

been made on D2O at 0.1, 270, 540, 810 and 980 MPa

(100 MPa = 1 kbar), in order to determine the pressure

dependence of the structure of this technologically

important liquid. All the measurements were made at

25°C except for that at 980 MPa, at which pressure it

is necessary to heat the D_0 (48°C was chosen) to avoid

any solidification. The N5 crystal spectrometer was

used with a set of collimators before, at, and after the

sample, specially designed to avoid observation of any

neutron scattering from the large, steel-reinforced

aluminum pressure cell which contained the D_O. The

structure factor, S(Q), was measured with a 1.1 i beam

of neutrons from a Si (113) monochromator crystal, over

the momentum transfer range Q = 0.6 to 9.5 Â" . Very

significant changes in S(Q) were observed as the pressure

was increased. In particular the first peak, near Q = 2 Â " ,

became sharper and shifted to higher Q. (Q = 1.93, 2.06,

2.16, 2.22 and 2.25 Â for the above 5 pressures.) In

addition, the shoulder on the high-Q side of this peak,

clearly visible at low pressure, gradually merged with

the main peak and was almost undetectable at 810 MPa.

Analysis of these results to obtain the pressure dependence

of the D-O, 0-0 and D-D near-neighbour distances is in

progress.

3.3 Transverse Modes in DNA-type Pyrimidines

P. Martel and B.M. Powell

Previous neutron inelastic scattering measure-

ments in 1-methylthymine (1-MT) and cytosine monohydrate

* o
1 A = 0.1 nm
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(CMH) show that significant differences exist in the

transverse acoustic mode dispersion curves (PR-P-113:3.7,

AECL-5802). We have made new measurements in 1-MT to

observe the transverse modes propagating perpendicular

to the molecular planes and polari ed approximately along

the [201] direction. The effective elastic constant for

this branch was found to be (in units of 10 N«m~ )

0.077 ± 0.008 in 1-MT, whereas in CMH it was found to be

0.17 + 0.02 (PR-P-112.-3.7, AECL-5696) . The ratio of these

elastic constants (a factor of ~2) is smaller than that

found for the transverse modes propagating parallel to

the molecular planes, where the corresponding ratio is ~5.

Lattice dynamical calculations are being carried out in an

effort to find an explanation for these differences.

3.4 Phonon Dispersion Curves of 1-Methylthymine

B.M. Powell and P. Martel

The phonon dispersion curves of 1-MT have been

calculated assuming rigid molecules and using analytical

expressions for the interatomic potentials. The N,-H.,...Og

and C,-H_...Og hydrogen bonds were described by the

Lippincott-Schroeder potential (J. Phys. Chem. 6^ (1957) 921)

The non-bonded potentials were assumed to have the

6-exponential form with the C-C parameters given by Williams

(Acta Cryst. A30 (1974) 71) and the remainder scaled from

values derived from the London equation and effective

van der Waals radii. The molecular charge distributions

have been taken from Kwiatkowski and Pullman (Adv. in

Heterocyclic Chem. 1£ (1975) 19S). With these parameters

the model gives imaginary frequencies for the lowest

symmetric mode at the zone-boundary point (^,0,1), while

some of the modes at r have frequencies which are much

higher than those observed in optical experiments. The

parameters are being adjusted in an effort to rectify these

deficiencies.
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3.5 Analysis of UV Induced Damage in DNA Pyrimidine Structures

P. Martel and B.M. Powell

Analysis of the powder diffraction profiles

reported in PR-P-112:3.8, AECL-5696, is being carried out

by means of the Rietveld procedure. This is a computer

code which makes a least squares fit to neutron diffraction

powder spectra. If the crystal structure is approximately

known, then it can be refined by means of this fitting pro-

cedure. In 1-methylthymine (1-MT) initial values for the

atomic positions are taken from the calculations described in

PR-P-110:3.4, AECL-5546. If translational displacements

of the molecules are restricted, it is found that the

photodimer is described, approximately, by rotation of

near-neighbour interplanar molecules about the [20Ï] axis

passing through their centers of mass. When restrictions

on the translational motion are removed the molecules still

rotate about the same axis but also tend to approach one

another. The structure has not yet been completely deter-

mined and analysis is continuing. However, the results do

suggest that the molecular configuration of the dimer is

such that the C5-C5 and Cg-Cg bonds are significantly shorter

than the generally accepted length in a cyclobutane ring. A

similar fitting procedure is being initiated for cytosine

monohydrate where, because of steric considerations, the

dimer geometry should be similar.

3.6 Orthorhombic-tetragonal Phase Transition in Potassium Niobate

G. Dolling with M. Fontana and C. Carabatos (University of

Metz, France)

Experiments to determine the dynamical properties

of KNbO3 on either side of the 225°C phase transition have

been performed with two new single crystal specimens at
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the N5 crystal spectrometer, NRU. (See PR-P-111:3.6,

AECL-5614 for further details.) An initial attempt to

produce a monodomain specimen in the high-temperature

tetragonal-phase failed, probably because the external

crystal shape was not favourable for the establishment

of a suitable diagonal temperature gradient during the

passage through T . The sample was cut, polished and

remounted for a second attempt, which produced a 95%

single domain specimen, oriented with the C axis vertical

and perpendicular to the scattering plane. Measurements

were made, at 300°C and 245°C, of the frequencies of

several normal modes propagating along the A and E direc-

tions (q parallel to (Ç00) and UçO) respectively). The

two A, acoustic branches, a A. optic branch near 6 THz

and part of a second A. optic branch near 8.5 THz, are

clearly observed at both temperatures. The E. and Z2

acoustic modes and a A- optic mode near 5.5 THz are also

well-defined. The A- acoustic branch is, however, only

well-defined for low q values; over most of the zone,

this mode is very broad and may even consist of two

branches close together and strongly interacting. None

of the modes observed in this phase display a strong

temperature dependence.

The second new specimen was found to be about

85% monodomain in the orthorhombic phase. In view of

this unexpected and rare event, measurements were made

in this phase of the temperature dependence of the TA

modes propagating along a, polarized along c. These

modes correspond to the elastic constant C _, which has

been studied by ultrasonic methods (Wiesendanger,

Ferroelectrics 6_ (1974) 263) . Our results indicate a

significant mode softening for low q phonons, particu-

larly below 0.1(2ir/a) as the temperature approaches T

from below; this behaviour is consistent with the ultra-

sonic measurements.
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3.7 Phonons in Niobium and Molybdenum

B.M. Powell, P. Martel and A.D.B. Woods

Measurements of the frequencies of phonons

propagating in directions of low symmetry in both niobium

and molybdenum have been carried out with the N5 and C5

triple-axis spectrometers. In niobium, experiments were

done at a number of wave vectors, q, in the (1Ï0) plane

and in both metals for q in the [351] direction. In all

cases the measured frequencies agreed, within <10%, with

calculations based on a seventh-neighbour Born-von Kârmân

model which had been fitted to data obtained only for the

high-symmetry directions. This result shows that the model

can be used with confidence to calculate the frequency

distribution function, g(v)r and, hence, the thermodynamic

properties and the electron-phonon coupling parameters

which depend on g (v ) .

3.8 Excitations in fee Co. o,Fen n o

E.C. Svensson, B.M. Powell and A.D.B. Woods

Our neutron-scattering results (PR-P-90:4.5,

AECL-3996; PR-P-93.-3.3, AECL-4205", PR-P-112:3.6, AECL-5696J

and PR-P-113:3.5, AECL-5802) for fee CoQ g2
Fe0 08 ^ a v e been

re-evaluated and combined to give a total of 70 points on

the fOOç]L and T, the [ççO]L and T?, and the [ççç]L and T

phonon dispersion curves. The zone-boundary frequencies

and the most accurate results at low wave vectors, q, were

obtained by using the constant-^ technique while, for

intermediate q, the constant-E technique gave decidedly

better results because the constant-^ scans were often

badly distorted by the density of states seen via the large

incoherent scattering cross section. Shapiro and Moss

(Phys. Rev. B _.£ (1977) 2726) have also studied phonons in

Co« û2Fen no using only the constant-Q technique to obtain
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31 points on the dispersion relation with an accuracy

somewhat lower on average than that of our measurements.

In general their results agree within error with ours,

but for the low-g parts of the L branches they obtain

frequencies which are lower than our values by 3-5 times

their quoted errors. An analysis of our results to obtain

interatomic force constants is in progress.

In constant-E scans at low frequency transfers

(1.5 < v < 3.5 THz) we have also observed separate peaks

corresponding to the spin-wave modes. The results agree

extremely well with the spin-wave dispersion relation

determined by Sinclair and Brockhouse (Phys. Rev. 120

(1960) 1638, AECL-1114).

3.9 Pumped Helium Cryostat

H. Nieman and W.J.L. Buyers

A cryostat has been built for experiments

requiring temperatures lower than 4.2 K. A second 0.6 &

helium pot is hung from the main 10 & helium pot of a

standard cryostat and is filled from it by means of a

throttle valve operated from the top of the cryostat.

The small pot is pumped through a 6.3 mm line. Superfluid

flow, and consequent convective heat transfer, is reduced

by placing a diaphragm having a 1.5 mm hole halfway up the

pumped pot. The position'is chosen so that, by the time

the temperature of the helium has fallen below the lambda

point, the liquid level will lie below the diaphragm. In

initial experiments a temperature of 1.35 K was reached

and a hold time of 44 hours obtained (~7 mW heat input).

The main advantages of the cryostat are as follows. Since

it does not require large fixed piping, it can be pumped

through a hose by a small pump thus permitting pumped

helium experiments on all spectrometers. Since the pot
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that is pumped is small, helium consumption is low, and

pump down is fast (~30 min ). Because of the throttle

arrangement the main pot can be filled without inter-

rupting a pumped-helium run. Further improvements in

design are expected to lead to lower temperatures and

longer hold times.

3.10 Excitations of Isolated Clusters of Magnetic Ions

E.C. Svensson, T.M. Holden and W.J.L. Buyers

In earlier neutron-scattering studies

(PR-P-109:3.7, AECL-5508 and PR-P-110:3.10, AECL-5546)

we observed peaks corresponding to the v = 2J, 4J and 6J

excitations of isolated pairs of Mn ions and the v = 5J

and 7J excitations of isolated triplets. (J, the exchange

interaction, is approximately 0.10 THz.) In an attempt to

observe the v = 1J excitations expected (PR-P-111:4.5,

AECL-5614) for isolated quartets, we have begun high-

resolution measurements using the L3 triple-axis spectro-

meter and a new double-pot pumped-He cryostat (PR-P-114:3.9,

AECL-5845). Using a beryllium-filtered incident beam and

a fixed scattered-neutron frequency of 0.90 THz, we observe,

at 1.35 K and a wave-vector transfer <5 = 2ira

(0.55,0.55,0.55), a distribution which consists of a strong

elastic peak (v = 0 ) , a well-defined peak at v = 0.20 THz

corresponding to the 2J pair mode, and also, as a shoulder

on the elastic peak, a weaker inelastic component centered

at about 0.09 THz. This component is tentatively ascribed

to the scattering by the 1J excitation of isolated quartets.

Measurements to confirm this result and to determine the

temperature and wave-vector dependence of the scattering

will be carried out in the near future.
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3.11 Critical Magnetic Scattering from Uranium Nitride

T.M. Holden, W.J.L. Buyers and E.C. Svensson with

G.H. Lander (Argonne National Laboratory)

Measurements of the critical magnetic scattering

from uranium nitride are being made at the C5 triple axis

spectrometer. Higher-order wavelengths that contaminated

previous elastic measurements (PR-P-111:3.9, AECL-5614)

have been almost completely eliminated by making measure-

ments at an energy of 7.25 THz with Ge(113) planes as both

monochromator and analyser.

The crystal was oriented with its [001] axis

vertical and the scattering examined around (110) at 59 K.

Scans through (110) are consistent with the contours of

constant intensity being approximately circular in this

(001) scattering plane. This confirms our earlier sugges-

tion, based on the large [001]-[110] anisotropy found in

the (110) plane, that the critical scattering contours are

ellipsoids with their long axes parallel to [001]. The

measurements are continuing.

3.12 Vertically Bent Pyrolytic Graphite Monochromator

H. Nieman and K. Kavanagh

The addition of motor drive units to the

pyrolytic-graphite strip monochromator enables accurate

remote positioning of both the curvature and tilt of the

monochromator. Recent tests at the E-13 facility at NRX

show that, with the crystal in the monochromator position,

an intensity increase of 2.5 can be obtained with a radius

of curvature of 163 cm. Decreasing the specimen height by

a factor of 2.5 gave a reduction of only 12% in intensity.

The focusing properties of the pyrolytic graphite

with a radius of curvature of 28 cm were tested with it

in the analyser position. Incoherent scattering from a
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2.5 cm high by 1.3 cm diameter vanadium rod was studied

. using a 3.8 cm high window at the He detector. The

observed intensity gain with this set-up was 2.0 . It

was also evident from the results that, using the crystal

as an analyser, more curvature would be necessary to

realise the maximum possible intensity gain.

Work is progressing on the mounting of five

slabs of squeezed germanium. As with the pyrolytic

graphite it will be possible to adjust by remote control

both the positioning and the curvature of the germanium

monochromator.

3.13 Positron Trapping at Vacancies in y-phase iron

S.M. Kim

Measurements of the temperature dependence of

the positron annihilation peak coincidence rate in y-phase

iron (PR-P-113:3.13, AECL-5802) have been extended to

1320°C. Measurements were made in a 10 kPa He gas atmos-

phere in order to reduce specimen evaporation. The peak

coincidence rate showed an S-shaped temperature dependence

between 920°C and 1320°C indicating positron trapping at

vacancies in y-phase iron. The total increase in the peak

rate between 920°C and 1320°C was 8.0% and no saturation

trapping was observed at these temperatures.

3.14 The Atomic Kinetic Energy in Liquid He

V.F. Sears (Theoretical Physics Branch) and A.D.B. Woods

See PR-P-114:4.3 .

3.15 The Momentum Distribution in Liquid He

V.F. Sears (Theoretical Physics Branch) and A.D.B. Woods

See PR-P-114:4.4 .
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3.16 The Commissioning of the Bremsstrahlung Monochromator

J.W. Knowles, S.T. Lira, W.F. Mills with T.E. Drake,

B. Pich and S. Yen (University of Toronto)

The Chalk River bremsstrahlung monochromator,

moved recently from the University of Toronto to the

University of Illinois (PR-P-112:3.17, AECL-5696) has

been installed in the Illinois Microtron Laboratory.

Work is proceeding on the interfacing of the 100-wire

counter system of the monochromator with the Microtron

Laboratory computer complex.

3.17 A Lower Limit for Coincidence Timing with the Multiwire

Fission Counter Facility

S.T. Lim, M.A. Lone, J.W. Knowles and R.N. King

Tests made on the multiwire fission counter

(PR-P-107:3.17, AECL-5256;and PR-P-109: 3.11, AECL-5508)

yielded a lower limit on the timing jitter for application

of the device in coincidence experiments. For these tests,

monochromatic radiation of -9 MeV, from the Compton scat-

tering facility at the NRU reactor was used to produce
2 238

photofission in a 500 ug/cm thick- target of U evapor-

ated on a 1 mg/cm Ni foil backing.

The fission target foil was located in a plane

midway between two planes of the counter containing 50

wires each. The chamber was filled to 1 atmosphere pres-

sure with a 90% argon, 10% methane gas mixture. Each set

of wires was connected to a charge-sensitive preamplifier

followed by an Ortec 454 filter amplifier and an Ortec 473

constant fraction discriminator. Coincidences between

pulses due to fission fragments emerging on the opposite
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sides of the fission foil were detected. The observed

time jitter for each set of wires was 13.2, 11.8 and 8 ns

at voltages of 800, 1100 and 1200 V respectively. The

decrease in time jitter with increase in voltage may be

caused by the decrease of collection time of electrons in

the fission chamber.

3.18 Double Photon Decay Following Neutron Capture in H^O and D.,0

E.D. Earle and R. King with A.B. McDonald and J.A. Atkins

(Nuclear Physics Branch)

Measurements are in progress at the C4 facility

(PR-P-113:3.16, AECL-5802) using NaI(T£) detectors to obtain

greater sensitivity in the search for two-photon emission

following thermal-neutron capture in hydrogen. Three-

parameter data are being collected using the PDP-8 computer

and are being analysed off-line with the PDP-10 computer.

Heavy metal (HEAVIMET) shielding (10 cm thick) is now being

used to reduce cross-registration of scattered gamma rays.

Preliminary analysis of data obtained to data with H_O and

D20 targets indicates that we should be able to achieve the

expected enhancement of experimental sensitivity relative to

previous measurements with Ge(Li) detectors. For example,

in about 60 hours of counting with a D_O target, an upper

limit of a_ < 17 \ib was established for the two-photon cross

section following thermal-neutron capture in deuterium.

This may be compared with the previous result, a_ < 23 yb

(A.B. McDonald, E.D. Earle, M.A. Lone, F.C. Khanna and

H.C. Lee, Nucl. Phys. A 2£1 (1977) 325, AECL-5664), obtained

in 300 hours of counting with Ge(Li) detectors. An extended

counting period with the H-O target has begun.
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3.19 N4 Thermal Neutron Facility

M.A. Lone and W.M. Inglis

Installation of the neutron beam tube and

collimators is in progress. There had been some diffi-

culty in fabrication of the liquid-N, cryostat for the

Bi and Quartz cryostats but this has now been overcome.

Background checks are in progress in order to

optimize the design of the external shielding.

3.20 Reactor Beam Hole Use

A.D.B. Woods

The McMaster University and Guelph University

spectrometers were in operation during the period.

Shielding modifications to the N5 spectrometer are complete

and the L3 spectrometer was shut down for about two months

for the installation of new shielding.

The following table summarizes utilization of

operating CRNL facilities at NRU beam holes.

Beam Hole

Cl

C2

C4

C5

L3

N5

No. of
Experiments

3

1

1

4

1

3

No. of
Participating

CRNL
scientists

4-

1

2

6

3

2

No. of
Participating-
non-CRNL
scientists

0

0

0

2

0

4

Efficiency
(% of available

reactor operating
time used for
experiments)

98%

75%

100%

92%

32%

98%

Total reactor operating time was 77 days.
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3.21 CdTe from Solution Growth

H. Schmeing, W.F. Slater, M.M.L. Racicot and R.J. Toone

Three more samples have been crystallized

and another has been started. Vibration isolation

(PR-P-113:21, AECL-5802) has not yielded any obvious

changes in the sizes of single crystals.

The sizes of the larger single crystals

(up to 2 cm ) are adequate for producing detectors but

the quality varies unpredictably from excellent

(PR-P-112:3.20, AECL-5696) to useless. This variability

is likely to be due to differences in impurity concen-

trations among samples. There is mass spectrometric

evidence that impurities have been introduced at some

stage in at least one sample of poor detector material

(PR-P-114:3.24, AECL-5845). The properties of CdTe make

spark source mass spectrometry time consuming and inter-

ferences from the 16 stable isotopes of the CdTe matrix

preclude the detection of many light elements. From a

systematic review of methods of trace analysis it is

concluded that secondary-ion mass spectrometry (SIMS)

offers the most promise as a fast, sensitive method for

comparing traces of light elements in large numbers of

CdTe samples. The availability of SIMS expertise is

under investigation.

A detailed investigation of temperature stability

in the solution-growth furnace has shown that relocation

of the control thermocouple should improve temperature

control in the region of the crystal-solution interface.

3.22 Travelling Heater Systems

H. Schmeing, R.J. Toone, W.F. Slater, R.R. MacLanders and

J.G.V. Taylor with M.N. Wightman (Nuclear Physics Branch)

The determination of temperature profiles within

CdTe crystals is difficult above a temperature of several
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hundred degrees because of the corrosive properties of

CdTe. Such measurements are very desirable, however, to

determine the optimum growing conditions for detector-grade

single crystals. We have measured, to our knowledge for

the first time, several such profiles using Pt thermocouples

embedded in CdTe without any protection (the measurements

being terminated by the corrosion of the thermocouples)•

In regions of the THM furnace into which the crystallization

front could be shifted, gradients of more than 200°C/cm

were recorded. It is planned to increase this gradient

even further by application of direct conductive cooling.

A second THM apparatus is being constructed in

which the CdTe ampoule will remain stationary while the

furnace moves upwards at a rate of a few mm per day. The

design incorporates a shock-isolated motor and speed reducer

from which the slow-speed drive is transmitted to a lead

screw in two stages via flexible belts.

3.23 Sublimation System

M.A. Gulick and R.J. Toone

The hydrogen sublimation has been improved and

made safer by installing a better flowmeter, a pressure

relief valve, a particulate trap on the output end, and

replacing a leaky valve.

3.24 Impurities in CdTe and Te Samples by Mass Spectrometry

M.M.L. Racicot and J.G.V. Taylor with S.V. Armstrong

and I.H. Crocker (General Chemistry Branch)

Further examination of the data from the

spark-source mass-spectrometry analysis of a CdTe crystal

(PR-P-112:3.23, AECL-5696) has revealed the presence of

«25 ppm K and «<5 ppm Cl in addition to the In dopant and
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s»7 ppm Na reported earlier. Analysis of the Te solvent

phase (-7% Cd) remaining after crystal growth stopped

gave ~300 ppm Na, -5 ppm K, -0.3 ppm Cl, and the same

concentration of In dopant as in the CdTe phase. Pre-

liminary results for high-purity Te as received from

Cominco show only 2 ppm Na. Thus from this one set of

data it appears that Na concentrates in the Te phase,

K and Cl are preferentially incorporated in the CdTe,

and the In dopant may be almost evenly distributed.

Pending analysis of the high-purity Cd the preliminary

conclusion is that this sample was at some stage in-

advertently contaminated with gross quantities of Na

and K (~ 50 and 5 mg), probably not as chlorides.

The effect of these impurities on the properties

of CdTe as detector material is not known but no good

detectors could be made from this sample.

The sources of the contaminants or the stages

at which they were introduced have not yet been discovered.

More samples will need to be analysed to determine if the

impurities appear regularly or at random.

3.25 Supply and Servicing of Detector Systems

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

A third high-purity Ge double diode detector

system requested by Reactor 'Control Branch has been con-

structed and assembled. After preliminary tests the

detector has been reworked to improve its characteristics

and prepared for retesting.

A high-purity Ge detector was made and custom

mounted to meet specifications for photofission experiments

at the University of Illinois.
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Two Ge(Li) detector systems have been repumped

for Chemical Engineering Branch. One of these will require

further servicing.

The design of a sample changing system for Nuclear

Physics Branch to be used with a TPA Mk II ion chamber has

been started.

3.26 Glassblowing

J.G. Wesanko and M.A. Gulick

A glass system has been constructed for General

Chemistry Branch to measure deuterium and total hydrogen

from fuel sheathing. The system will also be used to

collect gas from uranium oxide fuel pellets.

A reaction-volume apparatus and gas-flow system

was made for the infrared laser in Physical Chemistry

Branch, apparatus for oxygen analysis of water samples

from Gentilly was built for Systems Materials Branch, and

several double-walled beakers have been made for Materials

Science Branch. In addition the usual number of smaller

and routine jobs were done for groups within and outside

the branch.

3.27 Miscellaneous Services

R.J. Toone, M.M.L. Racicot and M.A. Gulick

Germanium crystals for neutron experiments were

cut for Section I of the branch. Two days were spent

demonstrating techniques for making and mounting high-purity

Ge detectors to visitors from INAX Instruments Ltd., Ottawa.
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3.28 Development of a Fission Chamber for Detecting Neutrons

with Good Timing

D. Ward (Nuclear Physics Branch) and M.A. Lone

See PR-P-114:2.11 .

3.29 High Resolution Measurements of Isospin-forbidden

Resonances

E.D. Earle et al.

See PR-P-114:2.4 .

3.30 Beta-neutrino Correlations from the Kinematic Shift of

Beta-delayed Particles

H. Schmeing et al.

See PR-P-114:2.8 .

3.31 Control Room and Target Room Layout for the Heavy Ion

Superconducting Cyclotron (HISC) and MP Tandem Facility

H. Schmeing et al.

See PR-P-114:2.17 .

3. 32 Publications and Lectures

Publications

SPIN WAVE DISPERSION RELATION IN Pd3Fe AT 4.2 K
W.G. Stirling, A.J. Smith and T.M. Holden
Physica 86-88B (1977) 349
Atomic Energy of Canada Limited publication AECL-5780

CRITICAL SCATTERING IN THE SINGLET-GROUND-STATE SYSTEM Pr3Tl
J. Als-Nielsen, J.K. Kjems, W.J.L. Buyers and R.J. Birgeneau
Physica 86-88B (1977) 1162



- 63 -

ANISOTROPIC EXCHANGE IN ANTIFERROMAGNETIC RbCoF3

T.M. Holden, W.J.L. Buyers and E.C. Svensson
Physica 86-88B (1977) 1041
Atomic Energy of Canada Limited publication AECL-5644

CENTRAL PEAKS AND SOFT MODES IN PRASEODYMIUM
J.G. Houmann, B. Lebech, A.R. Mackintosh, W.J.L. Buyers,
O.D. McMasters and K.A. Gschneidner, Jr.
Physica 86-88B (1977) 1156
Atomic Energy of Canada Limited publication AECL-5778

MAGNETIC EXCITATIONS IN NEODYMIUM ANTIMONIDE
A. Furrer, W.J.L. Buyers, R.M. Nicklow and O. Vogt
Physica 86-88B (1977) 105
Atomic Energy of Canada Limited publication AECL-5779

ROTON-ROTON INTERACTIONS AND EXCITATIONS IN SUPERFLUID
HELIUM AT LARGE WAVEVECTORS
A.J. Smith, R.A. Cowley, A.D.B. Woods, W.G. Stirling
and P. Martel
J. Phys. C 10. (1977) 543
Atomic Energy of Canada Limited publication AECL-5752

SPIN WAVE EXCITATIONS IN Pd- 7,-Nin ,c
A.J. Smith and T.M. Holden 3 ° « " .
J. Phys. F 2 (1977) 849
Atomic Energy of Canada Limited publication AECL-5732

A SEARCH FOR ANOMALOUS PHONONS IN POTASSIUM
G. Dolling and J. Meyer
J. Phys. F 2 (1977) 775
Atomic Energy of Canada Limited publication AECL-5723

DOUBLY RADIATIVE THERMAL NEUTRON CAPTURE IN 2H AND 1 6O:
EXPERIMENT AND THEORY
A.B. McDonald, E.D. Earle, M.A. Lone, F.C. Khanna
and H.C. Lee
Nucl. Phys. A 2EU (1977) 325
Atomic Energy of Canada Limited publication AECL-5664

SCINTILLATION RESPONSE OF PILOT U TO 100 MeV NEUTRONS
A.N. James, J.M. Cameron, D.A. Hutcheon, P. Kitching,
W.J. McDonald, C.A. Miller and E.D. Earle
Nucl. Instr. & Meths. 142 (1977) 443
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SPIN WAVES AND CENTRAL MODES IN CRYSTAL FIELD SYSTEMS
T.M. Holden, W.J.L. Buyers, E.C. Svensson and
H.-G. Purwins
in "Crystal Field Effects in Metals and Alloys",
(ed. A. Furrer) Plenum Pub. Corp. (1976) p. 189
Atomic Energy of Canada Limited publication AECL-5578

A WIDE RANGE Ge GAMMA-RAY SPECTROMETER FOR ON-LINE
MEASUREMENTS OF REACTOR COOLING WATER ACTIVITY
J.J. Lipsett, I.L. Fowler, R.J. Dinger and H.L. Malm
IEEE Trans. NS-24 (1977) 673
Atomic Energy of Canada Limited publication AECL-5624

A VARIABLE CURVATURE ANALYSER CRYSTAL FOR THREE-AXIS
SPECTROMETERS
R. Scherm, G. Dolling, R. Ritter, E. Schedler,
W. Teuchert and V. Wagner
Nucl. Instr, & Meths. 143 (1977) 77

THICK TARGET NEUTRON YIELDS AND SPECTRAL DISTRIBUTIONS
FROM THE 7Li(|,n) AND 9Be(â,n) REACTIONS
M.A. Lone, C.B. Bigham, J.S. Fraser, H.R. Schneider,
T.K. Alexander, A.J. Ferguson and A.B. McDonald
Nucl. Instr. & Meths. 143_ (1977) 331
Atomic Energy of Canada Limited publication AECL-5748

Lectures

EXPERIMENTAL PROGRAM AT UNIVERSITY OF ILLINOIS USING
THE Y-RAY MONOCHROMATOR WITH THE C.W. MICROTRON
J.W. Knowles
University of Illinois, Urbana, Illinois
March 14, 1977

INTENSE FAST NEUTRON SOURCE REACTIONS
M.A. Lone
Symposium on Neutron Cross-sections; 10-40 MeV
Brookhaven National Laboratory, Upton, L.I., New York
May 3-5, 1977

INTENSE FAST NEUTRON SOURCE REACTIONS
M.A. Lone
Seminar at University of Alberta, Edmonton, Alberta
May 1"), 1977
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The following papers were presented at the 45th Congress
of the ACFAS, Université de Quebec, Trois-Rivières, P.Q.
May 19-21, 1977 :

MESURES PAR DIFFRACTION NEUï 'ONIQUE DE LA
STRUCTURE DE DIMÈRES PRODUITS PAR L'ULTRAVIOLET
DANS DES CRISTAUX DE DIVERSES BASES DE DNA
P. Martel and B.M. Powell

PHONONS DANS LES STRUCTURES EN COUCHES
S. Jandl, J.L. Brebner and B.M. Powell

INTERMOLECULAR POTENTIALS: COMPARISONS BETWEEN THEORY
AND EXPERIMENT (a AND 6 NITROGEN)
G. Dolling
Second Guelph-Waterloo Discussion, University of Waterloo,
Waterloo, Ontario
June 3, 1977

INTERMOLECULAR DYNAMICS IN MOLECULAR CRYSTALS
G. Dolling
Gordon Conference on "Molecular Solids",
Plymouth, New Hampshire
June 19-24, 1977

The following papers were presented at the CAP Congress
at the University of Saskatchewan, Saskatoon, Sask.,
June 20-23, 1977 : . . .

THE ATOMIC KINETIC ENERGY IN LIQUID 4He
A.D.B. Woods and V.F. Sears

THE EFFECTIVE PAIR POTENTIAL IN LIQUID 4He
V.F. Sears, A.D.B. Woods, E.C. Svensson
and P. Martel

ELASTIC NEUTRON SCATTERING STUDY OF THE
ANTIFLUORITE CRYSTAL K2OsClf;
D. Mintz, R.L. Armstrong, B.M. Powell and
W.J.L. Buyers
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THEORETICAL PHYSICS BRANCH

G.E. Lee-Whiting

4.1 Staff

4.2 Time Behaviour of the Response of Fluoride Electrodes

4.3 The Atomic Kinetic Energy in Liquid He

4.4 The Momentum Distribution in Liquid He

4.5 Penetration of Heavy Ions in Solids

4.6 Isospin-Forbidden Particle Decays from T=3/2 States

4.7 Collective Renormalization in the Spherical Shell Model

4.8 Superallowed Beta Decay

4.9 Shell Model Calculations for N = 48 and N = 49 Nuclei

4.10 The One-Component Plasma (Wigner Solid)

4.11 100-Group Thorium ( Th) Cross Sections

4.12 Reports, Publications, and Lectures
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4.i Staff

Branch Head:

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

G.E. Lee-

Harvey
Khanna
Kushneriuk
Lee
Sears
Towner

K.B. Winterbon

Students and Visitors

E. Blomhof (1)
S. Das Gupta (2)
H.R. Glyde (3)
T. Stone (4)

Secretarial Staff

M.E. Carey

(1) Student from The University of British Columbia, May 2, 1977;
(2) Visiting professor from UcGill University, May 25, 1977;
(3) Visiting professor from University of Ottawa, May 8, 1977;
(4) McMaster University Internship Program student, May 16, 1977.
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4.2 Time Behaviour of the Response of Fluoride Electrodes

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

In PR-P-112:4.2 (AECL-5696) we described the

comparison we had made of the measured responses of

fluoride electrodes immersed in fluoride solutions with

values derived from combined diffusion and "reaction" type

mathematical formulae that had been introduced to simulate

the response. The experimental measurements had been made by

R.C. Hawkings and L.P.V. Corriveau for a wide range of fluoride

concentrations and solution characteristics (PR-CMa-36:2.43

(AECL-5511)) and the "reaction" type term in the formula had

been introduced on an empirical basis by Hawkings (PR-CMa-33:

2.42 (AECL-5230)). In recent publications concerning elec-

trodes there has appeared a quite different type of empirical

relation for the detector response [J. Mertens et al., Anal.

Chem. 4£(1976)272; A. Shatkay, Anal. Chem. 48_(1976) 1039] and

it was therefore decided to extend our analysis of the

Hawkings and Corriveau data using the newer expressions. When

combined with the diffusion term, this expression depicts the

time dependence of the fluoride concentration in the solution

a s 2 2 -
_n TT̂  (2m+l) D .
1+Kt , . °° i_nm •" An2

C(t) = C + (C.-C ) A e -•- '••-»* - T ^-^-l
e -1 m=0

•n L 2 m + l

in which, as in PR-P-112:4.2 (AECL-5696), C and C œ are the

apparent initial and final concentrations, n and K are para-

meters of the new distribution and (1-A) is the fraction of

the response associated with the diffusion of the fluoride

ions through a barrier of thickness i located at the detector

surface. From the analysis it has now been concluded that

there is no obvious advantage or superiority in the n aw expres-

sion; the agreements obtained are comparable with tho.c e obtained

using the Hawkings empirical expression.



- 69 -

In PR-P-112:4.2 (AECL-5696) we had also indi-

cated that in certain of the Hawkings and Corriveau experi-

ments there existed apparent anomalies in the detector response.

Hawkings and Corriveau have since recorded responses over very

long time intervals (̂ 5000 minutes compared with about 80

minutes in the previous runs). The anomalies have now been

attributed to effects that become more prominent and evident

at the longer times. To describe fully the electrode response

additional terms of exponential and linear types are required.

The implication, from the point of view of application*of the

detectors for fluoride concentration determinations, is that

precautions must be taken to recalibrate the detectors perio-

dically, since the detector response is affected, in a compli-

cated way, by its history of previous usage.

4.3 The Atomic Kinetic Energy in Liquid He

V.F. Sears with A.D.B. Woods (Neutron and Solid State Physics Branch)

The expression for <KE>, the average kinetic

energy per atom, given in PR-P-113:4.4 (AECL-5802) has since

been generalized to become

<KE> = lim <o>n> m-n

where <o) > denotes the n-th frequency moment of the dynamic

structure factor, S(Q,u), and fia)r = (fiQ) /2M is the average

recoil energy of an atom of mass M.

We have now analysed 9 scattered-neutron distri-

butions in the range 60 <. Q <. 80 nm"1 with -1 <. n,m <. 4. Our

final values for <KE>/k_ are 13.1 K at T = l.l K and 13.6 K at
a

T = 4.2 K. These values have been corrected for instrumental

resolution; in computing the averages extra weight has been

given to the low-order moments, which are determined more pre-

cisely than the high-order moments.
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4.4 The Momentum Distribution in Liquid He

V.F. Sears with A.D.B. Woods (N.S.S.P. Branch)

A new analysis of previously reported measure-

ments (R.A. Cowley and A.D.B. Woods, Can. J. Phys. 49 (1971)

177) of the neutron scattering from liquid 4He at T = l.l K

and 4.2 K has been performed to determine the momentum dis-

tribution function, n(p). The analysis is based on the

relation

in which p = (M/hQ) (u>-to ) and the remaining quantities are

defined in the previous section. The results have been

corrected for effects of interference and final state inter-

actions which are present in the range 40 <L Q <. 80 ran in

which the data were obtained and which vanish only asympto-

tically as Q + ».

At T = 4.2 K,n(p) is found to be gaussian but

at T = 1.1 K it has an exponential tail at large p and is

enhanced near p = 0. Ak analysis of the temperature change

in n(p) gives a value of 6.9 ± 0.8% for the Bose-Einstein

condensate fraction at T = l.l K. The average kinetic energy

per atom determined from n(p) is 13.2 K at T=1.1 K and 13.6 K

at T = 4.2 K. These values are in good agreement with those

obtained in the previous section.

4.5 Penetration of Heavy Ions in Solids

K.B. Winterbon

The range distribution in the path-length approx-

imation has been calculated for a target consisting of one

medium for x > 0 and another for x < 0, where x is a length

coordinate and the projectile starts at a general point xn
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(PR-P-113:4.7 (AECL-5820)). Because this is a path-length

distribution (i.e. the particle always moves in the direc-

tion of increasing x), the distribution is obviously the same

as the appropriate infinite-medium one as long as the par-

ticle remains in the medium in which it started. When xQ < 0

there is a discontinuity in the distribution at x = 0, with

the size of the discontinuity proportional to the value of

the (infinite medium) distribution as x ->• 0-; the constant

of proportionality depends on the projectile-target mass

ratios, and has been evaluated explicitly. This work has

been submitted for publication.

Work is continuing on the calculation of moments

of the range distribution, taking proper account of angular

deflections.

4.6 Isospin-Forbidden Particle Decays from T = 3/2 States

M. Harvey 0

A recent summary of isospin-forbidden particle

decays from T = 3/2 states in light nuclei by MacDonald et

al., (Nucl. Phys. A273(1976)477) shows that the reduced neu-

tron-decay widths from T =1/2 nuclei are larger than the
z

proton-decay widths from the analog-T_ =-1/2-nuclei. The

proton decays also exhibit a periodicity of 8 in mass number

not evident in the neutron decay data. Current interpreta-

tions of isospin-forbidden decays is through the admixture

of either the T = 1/2 monopole state or a T = 1/2 antianalogue

state by an effective one-body Coulomb interaction. Such

calculations show no distinction between neutron and proton

decays. Following a suggestion by Adelburger (private com-

munication) we are investigating the effects of the residual

two-body Coulomb interaction in the isospin mixing of anti-

analogue states. In preliminary calculations,effective matrix
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elements of both the one- and two-body Coulomb interactions

have been extracted from data on binding energies and spec-

tra. We find that the two-body contributions are as large

as the one-body, with a relative sign depending on T ; this
z

leads to the somewhat paradoxical result that there is less

isospin mixing in the nucleus (T =-1/2) with the greater

number of protons. Qualitatively this explains the difference

between the neutron and proton decay data. No evidence has

been found for any periodicity with mass for isospin mixing

in the T =-1/2 nuclei however.
z

4.7 Collective Renormalization in the Spherical Shell Model

M. Harvey and I.S. Towner

Continuing the study of terms of transition-

density matrices (PR-P-113:4.8; (AECL-5802) we have added to

the open-shell, random-phase-approximation (RPA) of our

computer programme the second-order black-box vertex renorma-

lisation terms associated with the polarisation of core

nucléons. The change in the renormalization of several mul-

tipole operators has been computed for the A=17 and 20

nuclei with the interaction of Herbert and Barrett (HB)

(Nucl. Phys. A254(1975)13). Unlike the results of the sche-

matic model (M. Harvey, Ann. Phys. 94^(1975)47) the black-box

terms when added to RPA inhibit the enhancements of quadru-

pole operators, and lead to disappointingly small values.

Direct comparison with experiment is difficult because the

HB-interaction does not saturate at the correct nuclear radius.

To correct this situation we have prepared the latest Sussex

interaction (E. Sanderson, private communication) for use in

Chalk River and are in the process of estimating the renor-

malization properties with it. (The latest Sussex interac-

tion introduces a hard-core term specifically to satisfy
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the saturation properties.) Completion of this phase of the

calculations will require the addition to the computer pro-

gramme of the black-box vertex renormalization terms associa-

ted with polarization of valence orbitals. It is interesting

to note that our calculations for A = 20 show greater enhance-

ments for the isoscalar hexadecapole operator than for the

quadrupole.

4.8 Superallowed Beta Decay

I.S. Towner with J.C. Hardy (Nuclear Physics Branch,, currently

at CERN, Geneva)

A recent publication (D.H. Wilkinson, Phys. Lett.

67B(1977)13) suggests that the experimental data on superallowed

0 -> 0 Fermi S-decay are sufficiently precise that the data,

on the assumption that the conserved vector current hypothesis

is correct, may be used to test the validity of various calcu-

lated analogue-symmetry breaking corrections. Wilkinson con-

cludes that detailed calculations of these corrections, which

exhibit pronounced shell effects, are less successful in

explaining the experimental data than simple parameterizations

that display a smooth (increasing) dependence on the nuclear

charge.

We have re-examined Wilkinson's analysis and in

doing so have noted that the conclusion depends sensitively

on the chosen data base. As a consequence, definite conclusions

cannot be drawn as to the relative merits of the various calcu-

lations and, in general, there is no evidence against the

expected presence of shell effects.

4.9 Shell Model Calculations for N=48 and N=49 Nuclei

T. Faestermann, 0. Hausser (Nucl. Physics Branch) with I.S. Towner

See PR-P-114:2.6 (AECL-5845).
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4.10 The One-Component Plasma (Wigner Solid)

G.H. Keech (Math. & Computation Branch) with H.R. Glyde

See PR-P-114-.5.8 (AECL-5845) .

4.11 100-Group Thorium (232Th) Cross Sections

P.Y. Wong (Math. & Comput. Branch) with S. Kushneriuk and T. Stone

See PR-P-114:5.13 (AECL-5845).

4.12 Reports, Publications and Lectures

Publications

THEORY OF NEUTRON DIFFRACTION IN MOSAIC CRYSTALS
V.F. Sears
Acta Cryst. A33(1977)373

THE NUCLEAR MAGNETIC FIELD, CABIBBO ANGLE AND CP-VIOLATION
IN THE NUCLEUS
H.C. Lee and F.C. Khanna
Can. J. Phys. 5^(1977)578

DOUBLY RADIATIVE THERMAL NEUTRON CAPTURE IN DEUTERIUM AND
OXYGEN: EXPERIMENT AND THEORY
A.B. McDonald, E.D. Earle, M.A. Lone, F.C. Khanna and H.C. Lee
Nucl. Phys. A281 (1977)325

CALCULATIONS OF IMPLANTED-ION RANGE AND ENERGY-DEPOSITION
DISTRIBUTIONS: 13-B IN Si
K.B. Winterbon
Rad. Effects 3_0 (1976) 199

A SHELL MODEL DESCRIPTION OF"LIGHT NUCLEI - book
I.S. Towner
Oxford University Press, June, 1977

Lectures

COLLECTIVE RENORMALIZATION IN THE SPHERICAL SHELL MODEL
I.S. Towner
given at topical conference on "Physics of Medium-Light Nuclei",
Florence, Italy, June 7-10, 1977
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1) ELEMENTARY EXCITATIONS IN NORMAL LIQUID 3He;
2) PIONIC EFFECTS IN LOW ENERGY NUCLEAR PHYSICS
F.C. Khanna
invited talks given at C.A.P. Congress, Saskatoon,
June 20-23, 1977

THE EFFECTIVE PAIR POTENTIAL IN LIQUID 4He AT T = l.l K and 4.2 K
V.F. Sears
given at C.A.P. Congress, Saskatoon, June 20-23, 1977
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5.1 Staff

Branch Head:

Section I: Systems

Head:
D. McPherson

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

D. McPherson

Section III: Mathematical
Services and Applications

Head:
J.M. Blair

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

Programmer :
Mrs. E.A. Okazaki

System Librarian:
Mrs. K.M. Haddon

Section II: Operations

Head:
G.N. Williams

Programmer/Analyst :
B.B. Ostrom

Programmer:
C D . Price

Operator Supervisor :
Mrs. V.L. Tomlinson

Computer Operators :
Miss S.V. Bair (1)
Miss K.M. Bjarbo
Mrs. M.H. Burke
Miss M.A. Carroll (2)
Mrs. L.P.L. Cybulski
Miss M.E. Edwards
Mrs. C.M. Hepburn
Mrs. A.A. Laroche
Miss M. Robertson (3)
Mrs. T. Spear
Mrs. L.J. Sutton
Mrs. N.M. Ward (4)

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

Programmers :
K.R. Chaplin
Miss P.A. Christie
Miss C.A. Edwards
J.K.C. Liu
E.G. Long
Mrs. B.E. Purcell
B.V Riff
D.G. Stewart
J.W. Wendorf

Secretarial Staff

Mrs. K.F. Barnard

(5)
(6)
(7)

(8)
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(1) Summer student from Queen's University, joined Branch
2 May 1977.

(2) Summer student from Cambrian College, joined Branch
16 May 1977.

(3) Transferred from General Services Division 26 April
1977.

(4) Transferred to Finance Division 2 May 1977.
(5) Waterloo student, terminated 11 April 1977.
(6) Summer student from University of Waterloo, joined

Branch 3 May 1977.
(7) Summer student from University of Toronto, joined

Branch 4 May 1977.
(8) Waterloo student, joined Branch 2 May 1977.
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5.2 CDC CYBER 170/6600 System

(i) Job Card Processing

C.J. Tanner

Job card processing has been modified so that not

only is a job priority calculated on the basis of resources

required for the job, but a particular computer may be

selected to execute the job depending on a resource or

combination of resource requirements. At the moment, only

extended core storage requirements will direct a job to a

specific computer; however, this new feature is table-

driven, and can be extended to treat other resource require-

ments if necessary.

A second change to job card processing has been

the addition of a limited form of validation of accounting

information for Power Projects jobs. This check ensures

that required parameters have been presented in the correct

format, although as yet the account numbers themselves are

not validated.

Modifications wer; also made to job card pro-

cessing for compatibility with the extension to the 3300 I/O

system described in Section 5.3 below.

(ii) Keyboard Terminal Permanent Files

G.H. Keech

EXPFMGR, the program which executes permanent file

operation for keyboard terminals, has been modified to

correct a problem arising when an attempt is made to cat-

alogue a file with a cycle number greater than 999. The new

code also takes into consideration the possibility that

additional cycles of a file may have been catalogued by

other than terminal operation, protecting these cycles if

possible without losing the standard terminal-created cycles.
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(iii) Pseudo-interactive Graphics

G.N. Williams

The program DISPLAY, which translates a standard

plot file into a form appropriate for transmission to a

graphics terminal, was modified for the NOS/BE operating

system. New versions of the routines for retrieving the

plot and display files from the NOS/BE output queues were

developed.

(iv) IMSL Subroutine Library

L.E. Evans and E.E. Purcell

On 28 April 1977, the mathematical subroutine

library IMSL was updated to introduce corrected code re-

ceived from IMSL for 18 subroutines. Relevant documentation

was distributed and IMSL Reference Manuals were updated.

5.3 CDC 3300 System

(i) Changes for 3300 to 6600/CYBER 170 Link

E.A. Okazaki

The 3300 system has been modified to give the 3300

access to queues and files in both main computers. The

reasons for the changes were (a) to-eliminate the costly

overhead of transferring all output to one computer {an out-

put file now remains with the machine on which it was pro-

duced) , and (b) to minimize the effect on users of a removal

from service of the computer linked to the 3300 by allowing

operation to continue on the other computer without hardware

reconfiguration. Input is still sent to only one computer,

leaving "load-levelling" to be carried out over the 170/6600

link, but when the usual recipient of input is off, files

are sent to the other. The commands from remote terminals

to display, route, drop or alter the priority of a file, or

to drop a job from execution, can operate on files and jobs

in both main computers.



- 81 -

5.4 DECsystem-10

J.A. Edgecombe

Normal maintenance work continued thr "Jughout the

period. The latest version of FORTRAN was installed; two

problems reported have been forwarded to DIGITAL for resolu-

tion.

Software to interface the cross-compilers and

assemblers for the INTEL 8080 to a PROM programmer has been

completed and verified, even though not extensively used.

Enhancements to the computer centre communications

package (VIM) have been made, as a result of suggestions

received by the users.

5.5 Computer-aided Control System for the
Superconducting Cyclotron and MP Tandem

L.D. Hansen, R.L. Graham, R.B. Walker, Nuclear Physics
Branch and B 7. Greiner, Technical Information Branch

See PR-P-114, 2.14, AECL-5845.

5.6 Analysis of Acoustic Phenomena
in a System of Steam Mains

W.N. Selander and P.Y. Wong

The frequency ^sponse calculation of the steam

mains for Gentilly 1 with damped, Doppler-broadened reso-

nances has been set up algebraically although it has not yet

reached the computational stage. The pressure response of a

single pipe to a simple harmonic wave of angular frequency u

is a family of spatially damped waves of the form exp(yz)/

where

ay = ±Bw(l±a/2)±iu)(l±a)
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Here a is the speed of sound, a is the Mach number of the

flow, and $ is the dimensionless damping parameter,

6 = Fuo/P.u)

where F is the friction factor, u0 is the undisturbed flow

velocity and R is the pipe radius.

Some time was spent in verifying a detail of the

calculations previously reported. It was found that if a

system consisting of a pipe and cavity was increased in

volume by adding another pipe and cavity within a certain

range of dimensions, the principal resonant frequency could

be increased. This result is unexpected in view of our

understanding that an increase in system volume normally

decreases the frequency. This result, which was verified

computationally and can be understood in terms of the mode

shapes of the system, explains the effect of the reheater

circuit on the undamped system.

5.7 Inertial Analysis of G-l Steam Mains

E.O. Moeck, Reactor Control Branch, and P.Y. Wong

The computer program which was designed to provide

natural frequencies and the corresponding modes of pressure

oscillation for the G-l modified steam mains network (PR-P-

113, 5.7; AECL-5802) has been modified to include calcula-

tions for the existing network. Four cases of interest have

been processed:

Modified steam mains at nominal operating conditions

(100% reactor power, full steam flow to La Prade Heavy

Water Plant and 17 MW(e) turbine load).

Modified steam mains without frictional pressure loss.

Existing steam mains at nominal operating conditions

(100% reactor ana turbine power).

Existing steam mains without frictional pressure loss.
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These cases provide an indication of the relative

changes in pressure resonances to be expected after modif-

ications of the steam mains. The loss-less cases give an

estimate of the kind of oscillations at low power.

The effect of extra piling volumes is being ana-

lysed. In our original model (version A ) , extra steam

pipings (due to network simplification) are represented by

two artificial volumes placed at the tee junctions of the

existing tie-line. A revised model (Version B) now has the

two volumes located near the turbine governor valves. The

two versions represent approximately the two extreme cases

that the two volumes may be located. Results of the four

cases described above have been obtained using Version B.

Preliminary comparisons indicate that only the frequencies

of the two modes - north steam mains vs. south steam mains

and steam mains in phase vs. rest of the network - are.

affected by the location of the two volumes; other oscil-

lation frequencies do not appear sensitive to this change.

5.8 The One-component Plasma (Wigner Solid)

G.H. Keech and H.R. Glyde, University of Ottawa and
Summer Visitor, CRNL

The study of the one-component plasma (OCP),

a plasma of charged point particles immersed in a uniform

background of opposite charge referred to in previous

reports (PR-P-113, 5.8, AECL-5802), is continuing.

The melting of the crystallized (bcc) phase of

the plasma as a function of temperature and volume has been

located using a self-consistent model of the particle dynamics

which includes cubic anharmonic contributions to the force

constants (SCH+C). Previously only a self-consistent

harmonic (SCH) model was used. Melting is identified with

unstable particle vibrations (imaginary phor,on frequencies) .
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At T=0 K, the plasma melts when the dimensionless parameter

T = r/aT, the ratio of the interparticle spacing to the

ionic Bohr radius a^, is less than 175. This value agrees

quite well with the value r < 145 found from a comparison

of fluid and crystal plasma gound state energies- The SCH

model finds r < 4 and previous estimates suggest r < 20.s — s —

A melting curve has been evaluated by studying the

stability of the solid as a function of r and temperature.

For a fixed r , the SCH+C model finds melting at a lower
S

temperature than the SCH model, but still at a considerably

higher temperature than predicted by Monte Carlo calcula-

tions (E.L. Pollock and J.P. Hansen, Phys. Rev. A8_, 3110

(1973)).

The cubic contribution to the ground state energy

of the crystallized plasma has also been computed for a

number of r values. The applicability of the OCP as a
A C C

model for derse ionized matter (e.g. He ions, Fe ions)

found in White Dwarfs and for metallic hydrogen is being

investigated. For metallic hydrogen the model is applicable

only for the higher density regions.
5.9 Rational Minimax Approximations for the Modulus and Phase

of the Bessel Functions Jn(x), J. (x) , Y,, (x) and Y, (x)u j. - j - i

C.A. Edwards and J.M. Blair

The standard approximations to J (x) and Y (x)

for n=0,1, in the asymptotic range, have the form

Jn(x) = x MPn(x) cos x - Qn<
x) s i n X)

Yn(x) = x"'
s{Pn(x) sin x + Qn(x) cos x)

where x = x - (2. + i)7r, and where ?n(x) and Qn(x) are

rational functions (J.F. Hart et al. "Computer Approxima-

tions", Wiley, New York, 1968). Thus the computation of



- 85 -

J or Y involves the calculation of four quantities, P ,

Q , cos x y i a &*n Xf *-n addition to the square root evalu-

ation. Xf. v&iiiis of the-modulus M (x) and phase 9 (x) , the

Bess^l "iictions are defined as

Jn(x) = Mn(x) cos 0n(x)

Yn(x) = Mn(x) sin 8n(x),

and the computation of J or Y requires only three computa-

tions, M , 6 and cos 9 or sin 9 .

In order to assess this approach, efficient ap-

proximations to M (x) and 9 (x) are being constructed by

means of the program REMES2 (Atomic Energy of Canada Limited

report AECL-4210). Subroutines to compute full-range ap-

proximations to J(x) and Y (x), accurate to at least 26S,

have been written, using the Hankel asymptotic formulae for

x ^ 40, and analytic continuation from x=40 by decrements of

0.1 for x < 40. The master routine computes M and 9 from
n n

the formulae

and

Mn(x) = [j2

9 (x) = arctan —

for x < 40, and for x ^ 40, the asymptotic formulae in

M. Abramowitz and J.A. Stegun (Ed.) "Handbook of Mathe-

matical Functions", Chapter 9, are used. The approximation

forms are :

and

Mn(x) * x~
H Rn(l/x

2)

9n(x) - x-(J + J) w + i Sn(l/x
2)

where Rn and S n are rational minimax approximations.
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For the remainder of the range, approximations

similar to those in [1] will be constructed, and a suitable

breakpoint, to give a reasonable balance between the amount

of computation in the two ranges, established.

The work is continuing.

5.10 Calculation of Hydrogen Diffusion
Towards a Crack in a Standard Solid

D.G. Stewart and J.M. Blair

G.E. Lee-Whiting (Atomic Energy of Canada Limited

report AECL-5612) has solved the problem of steady-state

(time-independent) diffusion of hydrogen tov/ * crack in

a stressed solid, for the conditions of interest to AECL

pressure tube designers. Metallurgical Engineering Branch

wishes to extend the results to the case of thermal cycling,

which involves time-dependent diffusion. Since the semi-

analytical method used in AECL-5612 does not extend readily,

a purely numerical solution is being sought using the FORSIM

code (Atomic Energy of Canada Limited report AECL-5821).

As a check on the problem specification and on the

accuracy of the numerical solution, the results of the case

reported in Figure 5 of AECL-5612 have been obtained by

FORSIM by treating the problem as time-dependent, and inte-

grating to a steady state. For a 10 x 10 grid of mesh

points, integration methods 14 and 15 of FORSIM (Gear Diag-

onal and Gear Banded) were unable to integrate the system of

equations, but method 16 (Gear Sparse Matrix) worked suc-

cessfully. The failure of methods 14 and 15 is thought to

be due to the scale of the radial dimensions in the problem,

and an appropriate scaling factor will be introduced.

The particle current J on the inner boundary has

been computed for 10 x 10 and 20 x 20 grids, and shows quite

good agreement with the values in Figure 5 of AECL-5612,

except at 9=TT where Jr is infinite. The quantity of inter-

est is the integrated flux A defined by
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x = -2 /J dt /J Jr(Rlf8,t)d6

where t denotes time and the other symbols are defined in

AECL-5612. An estimate of the accuracy of A will be made

before the computation is extended to the time-dependent

case.

5.11 Electrical Demand and Energy Equations
for Forest Hall Staff Hotel

J.M. Blair

In order to optimize the demand and energy control

system installed in Forest Hall in 1976, the Design and

Technical Service Branch wishes to obtain regression equa-

tions for the peak electrical demand per month as a function

of the maximum water and air differential temperatures, and

for the energy consumption per month as a function of the

average water differential temperature and the heating

degree days.

Nine sets of data values covering the period July

1976 - April 1977 have been fitted with linear models in the

two predictor variables. The models are unsatisfactory, as

the predicted values are less accurate than desired, and the

water temperature is not appearing as a significant vari-

able. There are several possible explanations for the inad-

equac- of the model, the effect of occupany level of the

hotel, the unreliability of the dr.ta (due tc meter readings

being taken later than the prescribed date in the month,

causing the current reading to be high and the subsequent

reading to be low), or the effect of the demand controller

setting. These possibilities are being investigated.
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5.12 Statistical Analysis of Slotted Burst Tests
on Cold-Worked Zr-2.5 wt % Nb Pressure Tubes

J.M. Blair

Previously reported work (PR-P-113; 5.11; AECL-5802)

on this problem resulted in a regression equation in which

temperature is a significant variable, and predicts a reduc-

tion in stress with temperature above 240°C for a given

critical crack length. Since this conclusion cannot be

explained on physical grounds, a carefully controlled experi-

ment to test the effect of temperature on stress has been

carried out by Metallurgical Engineering Branch (PR-FM-41P).

Nine sets of measurements, four at 240°C and five at 300°C,

have been obtained, all pertaining to sharp cracks of approxi-

mately the same length (45 mm) in unirradiated specimens. A

hypothesis test on the mean values of the stress at the two

temperatures was set up, and showed no significant difference

between the means. Thus we conclude that temperature is not

a significant variable in the range 240°C - 300°C.

The above conclusion casts doubts on the validity

of the data on which the regression analysis was based, and

indicates that a re-evaluation of the data, particularly at

the higher temperatures, is necessary.
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232
5.13 100-Group Thorium ( Th) Cross Sections

P.Y. Wong, S.A. Kushneriuk and T. Stone, Theoretical Physics
Branch.

In our previous effort to create a 100-group cross-

section library for fusion-reactor blanket calculations, we
TOO

found that the data file Th given in the ENDF/B-IV library

cannot be used by the multi-group cross-section processing

code SUPERTOG. Examination of the file indicated that the

angular distributions of secondary neutrons (File 4) are not

given in terms of the commonly used Legendre polynomial

coefficients, as assumed by SUPERTOG, but in a normalized

probability distribution form which cannot be used by the

code.

We have written a program to determine the Legendre

polynomial coefficients by curve fitting the given prob-

ability distribution data. The 100-group cross sections gen-

erated by SUPERTOG with the converted file appear comparable

with those given in the latest DLC-37/EPR library (ORNL/TM-

5249, March 1976; revision DLC-37D, RSIC Newsletter, April

1977).

5.14 Time Behaviour of the Response of Fluoride Electrodes

S.A. Kushneriuk, Theoretical Physics, and P.Y. Wong

See PR-P-114, 4.2, AECL-5845).

5.15 Superconducting Accelerator Design

K.R. Chaplin

A Monte Carlo analysis of random manufacturing

defects and positioning errors of the iron portions of the

cyclotron was performed and the effects of these errors upon

the beam dynamics were investigated.
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5.16 Simulation

(i) The FORSIM PDE/ODE Package

M.B. Carver and D.G. Stewart

The new manual, which will be released as Atomic

Energy of Canada Limited report AECL-5821, is complete to

first draft stage. The final step before issuing will be to

verify the many example problems.

The new manual version FORSIM VI is being tested.

The issue of a new manual is an ideal time to introduce

several program design improvements based on user exper-

iences, comments and requests. These include user mod-

ifiable storage for all variables, improvements of the two-

dimensional capability, and addition of a three-dimensional

capability, and three-dimensional plotting. The Runge-Kutta

integration algorithm is also being improved in connection

with the library revision discussed below.

(ii) Discontinuities and Time Delays

M.B. Carver

The two routines which take advantage of the

built-in predictor-corrector formulae of the Gear inte-

gration routine to effectively handle the computation of

discontinuity points and time delays are now complete. They

will be discussed in a paper "Efficient Handling of Discon-

tinuities and Time Delays in Ordinary Differential Equation

Simulation" presented at the International Conference

Simulation '77, Montreux, 20-22 June. The discontinuity

aspect alone was presented also at the Fourth Annual AECL/

Utilities Simulation Conference in Montreal, 27-28 April.
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(iii) Integration Algorithms for ODE's

M.B. Carver and J. Liu

Continuing the policy of rigorously updating the

FORTRAN subroutine library, section by section, the ODE

initial value section is now under investigation. Plans so

far call for the overhauling of the Gear Sparse Matrix

algorithm for large equation sets, the provision of an

extrapolative algorithm, and the reassessment of the Runge-

Kutta routines. All algorithms will be tested exhaustively

to isolate and optimize problem areas. The goal is to pro-

vide three levels of sophistication (and hence complexity)

in integration algorithms and to clearly illustrate to the

user the possibilities and ramifications of each.

(iv) Hyperbolic Equations

M.B. Carver and H.W. Hinds (Reactor Control Branch)

It is very difficult to accurately simulate the

behaviour of systems described by hyperbolic PDE's. This is

chiefly because of the possibility that steep sided wave

fronts may develop and propagate. The natural method for

such systems is the method of characteristics, but this is

difficult to implement in a generally applicable manner. In

contrast, the method of lines as used in FORSIM is decep-

tively easy to implement, and, therefore, has received

considerable attention in the literature recently. Higher

orders of 'upwind' differencing have been used for some time

in FORSIM, and upwind skewed differencing schemes have

proved the most successful, being least subject to spurious

dissipation and oscillations. Frequency analyses of several

possible schemes clearly show the most attractive models

from the point of view of bandwidth, but these are not

necessarily the best to use in simulations as they are

subject to spurious error waves which may cause numerical
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problems. It has become apparent, therefore, that the

choice of model is not problem independent, but should be

related to the type of wave motion expected in the physical

situation. Further work is aimed at rationally defining

this choice.

(v) Simulation of Creep Experiments

M.B. Carver and S.R. MacEwen (Materials
Science Branch)

In order to test models for the microstructure of

metals in elastic, plastic or creep states, these models

must be compared to results obtained from stress testing

experiments.

In a typical test one may fix either stress rate

or strain rate. In the first case, the resulting strain is

an explicit relationship attainable by solving a set of

nonlinear ordinary differential equations. In the second

case, the equation set is implicit and the nonlinearities

present make explicit definition impossible, and simple

iteration does not converge. This problem is heightened by

the necessity to explore a number of different modelling

equations.

A scheme was developed to soive the implicit

equations by Newton-Raphson iteration. Providing the pro-

gram is given not only the equations for the models under

consideration, but also analytic expressions for the rele-

vant partial derivatives, these gradients can be used to

guide iteration. The prototype scheme to do this is com-

plete, and iterates extremely efficiently.

An associated numerical problem occurs when a

transition takes place in either the test forcing function

or the state of the metal (e.g. plastic to elastic). These

transitions are severe and can only be handled by the

special discontinuity routines previously discussed.
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(vi) Deuterium Deposition in a Pressure Tube

M.B. Carver and V. Urbanic (System Materials
Branch)

The partial differential equations describing

deuterium deposition in a pressure tube have been success-

fully solved in a finite two-dimensional grid. An attempt

is now being made to model the effectively infinite extent

along the tube axis.

5.17 Stress Analysis Programs

(i) MARC - General

B.V. Riff

Most differences between G.3 and G.4 versions of

MARC (see PR-P-113; 5.10; AECL-5802) have been satisfac-

torily resolved, and G.4 is being used predominantly. A

newer version, G.5, has been received, is currently being

tested, and is scheduled to become the operating version in

July.

(ii) Liquid Helium Cans of Cryostat
for Superconducting Cyclotron

B.V. Riff

As previously reported (PR-P-113, 5.10(iii); AECL-

5802) , the liquid helium can was modelled by the axi-symmetric

isoparametric two-dimensional element 28 of MARC. The

initial specification was for a maximum deflection of the

bottom plate of 0.05 mm.

(a) Deflection Analysis of a Single Can

The maximum deflection found for the bottom plate

of the can as designed, loaded by a uniform pressure of

45,000 N on the upper face of the bottom plate, was 0.32 mm.
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The following four variations were then tried:

Case 1: The outside wall was doubled in thickness, which

reduced the maximum deflection to 0.141 mm.

Case 2 : The outside wall and the top plate doubled in

thickness. The maximum deflection was then found

to be 0.091 mia.

Case 3: Triple thickness in outside wall, double thickness

in top plate. The maximum deflection was further

reduced to 0.053 mm.

Case 4 : Using the same structure as Case 3, a two-atmosphere

internal pressure was applied along with the

original 45,000 N load on the bottom plate. The

maximum deflection was now 0.093 mm and occurred

more towards the middle of the bottom plate.

(b) Estimate of Shear Stress in Bolts

A further requirement of the analysis was to

estimate the shear stress in the bolts connecting the upper

and lower cans of the cryostat.

In the designed structure the cans are connected

by 12 radial I-beams and a full analysis requires a complex

three-dimensional model. In order to reduce the computing

time the gap and I-beams were approximated by a uniform

annular plate, of equivalent Young's modulus, in perfect

contact with the upper and lower cans. The total shear

force on this plate could then be distributed amongst the

bolts to give the shear stress estimate. The simplified

structure is axisymmetric and was modelled by element number

28. Calculations were carried out for three different

assumptions about the boundary condition on the model.
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5.18 Data Reduction Programs

(i) Fuel Defect Activity Release

L.E. Evans for Fuel Materials Branch

A general expression for the activity release F as

a function of X was provided by fitting a polynomial in

log,QA to log1QF. For xenon and krypton data the straight

line

log1QF = p 0 + P l log10A

was sufficient, but for the iodine data, the additional term
2

P2(log10A) was significant.

The effects of burnup, B, and fuel defect, expres-

sed as number of holes, N, and area of defect size, A, were

then investigated by attempting to include these variables

in the polynomial model.

Burnup Effect

There was no significant burnup effect evident in

the xenon data. For the krypton data, the model fitted was

log1QF = p Q + p^log^A) + p2B

Defect Dependence

For both xenons and kryptons models of the form

log1QF = p Q + Pl(log10X) + p2A

and

l o g 1 0 F = P0 + Pi<lo9lOA) + P 2
N

were fitted to the data.

All model fitting for this data was performed

using a locally written multiple linear regression package

which uses the IMSL stepwise regression routine RLSTEP.
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(ii) Fuel Element Volume Change, AV/V, as a
Function of Temperature, T, and Burnup, B

L.E. Evans and E.G. Long for Fuel Materials Branch

For the entire temperature range, i.e. 800 K < T <

2100 K, a suitable fitting function could not be derived, so

a polynomial of degree 4 in B and T was fitted by stepwise

regression using the software mentioned in (i) above.

For the restricted temperature range, 800 K < T <

1300 K, the model
-P4B 2 3

AV/V = (1-e * _)(P0+P1T'+P2T' N-p3T•
J)

where T1 = (T-700)/100 was derived and fitted to the data

using MLSQQ, a general purpose nonlinear least squares

fitting routine (described in PR-P-113, 5.14(ii); AECL-

5802). This model was later extended to the temperature

range (550,1300) K by fitting with additional data.

(iii) Fuel Element Porosity Changes

L.E. Evans and E.G. Long

The expression

-1 " P 3 B 2
F = ~ . (1-e J ) (p0+p1exp(-(p2(1300-T)/100)

/))

for F, the fraction of porosity removed as a function of the

temperature, T, and Burnup, B, where p is porosity of the

fuel, as a percent of volume, was derived and fitted to the

data supplied. Making use of the relationship,

AV/V = -p.F

this model was also used to fit the volume change data from

(ii) for 550 K < T < 1300 K and a slight improvement, 5%, in

sum of squares of residuals was obtained.

This model, however, is not appropriate for the

extended temperature range 550 K < T < 3000 K for which we

now have data. Analysis of this data is underway.
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(iv) Storage and Analysis of Perch Lake Environmental
Data for Environmental Research Branch (K. Hendrie)

L.E. Evans and B.E. Purcell

The data, a variable number of instrument readings

(channel values) spaced at 2%-minute intervals, are stored on

nine-track EBCDIC tapes. The specific requirements estab-

lished for this project were as follows:

(a) To validate and to copy nine-track EBCDIC tapes pro-

duced by an external tape drive.

(b) To recover specified items from these tapes and to

write this data in DATPAK form on another tape, pro-

ducing dump listings of all data recovered.

(c) To identify and reject out-of-range and unacceptable

data items. (Unacceptable channel values are those

which are inconsistent with the history of readings for

that channel and/or are out of step with the values of

neighbouring channels.)

(d) To condense the data by calculating hourly averages and

to create a second DATPAK file of these averages.

(e) To analyze the hourly average data by model fitting.

(f) To run all programs associated with the above and to

maintain detailed records for all data tapes.

Items (a), (b), (c) and (f) have been completed

for all data received. Item (d) is underway, and item (e)

has not been started.

(v) Photobadge Dosimeter Data

E.G. Long

A change in badge number format made by Head

Office required that minor modifications be made to the

program which processes this data.
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(vi) Underwater Profilometer Data

E.G. Long

The two programs used by R.L. Stoute of Fuel

Materials Branch to scan and correct this data have been

combined to greatly facilitate their use.

Windowing Subroutine

G.N. Williams

A general subroutine, which performs picture

windowing, was written for Materials Science Branch for one

of the crystallographic analysis programs which produces

plotted output.

Operations

(i) New Equipment Installation

B.B. Ostrom

During this period, the two 80 kVA flywheel

equipped motor generators were brought on line to provide

400 Hz power to the CDC 3300, 6600 and CYBER 170 computer

system.

Work continues on modification to the building

electrical system and installation of the building sprinkler

system.

(ii) Terminal Installation

G.N. Williams

A CDC 734 terminal has replaced the old 200 User

Terminal in Bldg. 456.
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(iii) Computer Use by Division

The following table is an analysis of the jobs

processed during the quarter.

Utilization

Number of Jobs System Seconds

Power Projects

WNRE

CRNL:

Computing Centre

Technical Information
& University Relations

Biology & Health Physics

Chemistry & Materials

Physics

Electronics, Instru-
ment & Control

Advanced Projects &
Reactor Physics

Fuels & Materials

Administration

Medical

Finance

Operations

General Services

Plant Design

Special Projects

Contracts

Heavy Water Projects

Others

TOTAL

13

3

20

1

2

3,

6,

1,

12,

10,

1,

4,

1,
2,

1,

86,

,405

,295

,368

,509

,406

,222

,258

,040

,197

.200

711

300

899

025

170

084

798

030

222

19

158

(15

(3

(23

(1
(2

(3,

(7,

(1.

(14.

(11.

(0.

(0.

(2.

-<4,

(0.

(1.
(3.

(1.
(0.

.56%)

.82%)

.64%)

.75%)

.79%)

.74%)

.26%)

.21%)

,16%)

,84%)

83%)

35%)

20%)

67%)

20%)

26%)

25%)

20%)

26%)

(0.02%)

2

714

225

135

9

19

109,

140,

14,

469,

168,

3,

18,

- 31,

24,

19,

28,

,133,

,705

,808

,068

,464

,341,

,679,

,359.

,092.

,519.

.591.

,117.

254.

790.

223.

785.

489.

569.

603.

286.

13.

764.

.17

.91

.93

.13

.15

.86

.32

,76

,43

,55

23

78

73

19

70

30

03

77

25

11

30

(33

(10

(6

(0

(0

(5

(6,

(0,

(22.

(7.

(0.

(0.

(0.

(1.

(0.

(1.

.50%)

.58%)

.33%)

.44%)

.91%)

.14%)

.58%)

.66%)

.00%)

.90%)

.15%)

01%)

88%)

46%)

04%)

15%)

(0.92%)

(1.
(0.

34%)

01%)

(0.00%)
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5.21 Publications, Reports and Lectures

Publications

EFFICIENT HANDLING OF DISCONTINUITIES AND TIME DELAYS IN
ORDINARY DIFFERENTIAL EQUATION SIMULATIONS
M.B. Carver
Proceedings of Simulation '77 Symposium, Montreux,
Switzerland, 22-24 June 1977, to be published by
Acta Press, Calgary.

EFFICIENT INTEGRATION OVER DISCONTINUITIES IN ORDINARY
DIFFERENTIAL EQUATIONS
M.B. Carver
Proceedings of 1977 Simulation Symposium on Reactor Dynamics
and Plant Control, Montreal, Quebec, 27-28 April 1977.

Reports

INTRODUCTION TO FORTRAN AND JOB CONTROL CARDS ON THE CYBER
175/6600 SYSTEM
J.M. Blair, M.B. Carver and L.E. Evans
AECL-5549, April 1977

MULTIPLICATIVE RANDOM NUMBER GENERATORS FOR 48-BIT COMPUTERS
J.E. Mulvihill and J.M. Blair
AECL-5819, April 1977

RATIONAL CHEBYSHEV APPROXIMATIONS FOR THE BICKLEY FUNCTION
Ki, (x) , x >_ 6
P.A. Christie and J.M. Blair
AECL-5820, April 1977

COMPUTING CENTRE NEWSLETTER, Vol. 4» Nos. 4,-5 and 6
Edited by L.E. Evans

Lectures

EFFICIENT HANDLING OF DISCONTINUITES AND TIME DELAYS IN
ORDINARY DIFFERENTIAL EQUATION SIMULATIONS
M.B. Carver
Simulation '77, Montreux, Switzerland, 22-24 June 1977.

EFFICIENT INTEGRATION OVER DISCONTINUITIES IN ORDINARY
DIFFERENTIAL EQUATIONS
M.B. Carver
1977 Simulation Symposium on Reactor Dynamics and Plant
Control, Montreal, Quebec, 27-28 April 1977.

ANS COBOL PROGRAMMING
C D . Price
Algonquin College of Applied Arts & Technology, Continuing
Education Course, CRNL, 1 March to 3 June 1977.

FORTRAN IV
J.M. Blair
Algonquin College of Applied Arts & Technology, Continuing
Education Course, CRNL, 28 February to 3 June 1977.
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ACCELERATOR PHYSICS BRANCH

P.R. Tunnicliffe

6.1 Staff

6.2 Nuclear Power Applications

6.2.1 High Current Test Facility
6.2.2 Electron Test Accelerator
6.2.3 Fertile-to-Fissile Conversion Experiments

at TRIUMF
6.2.4 Ion-Source Development

6.3 Research Applications

6.3.1 Fast Intense Neutron Source
6.3.2 Heavy-Ion Superconducting Cyclotron

6.4 Mechanical Laboratory

6.4.1 High Current Test Facility
6.4.2 Electron Test Accelerator
6.4.3 Fast Intense Neutron Source
6.4.4 Heavy-Ion Superconducting Cyclotron
6.4.5 Reactor Physics
6.4.6 Neutron and Solid State Physics Branch

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

BRANCH HEAD: P.R. Tunnicliffe

Professional Staff

C.B.
J
K
B
J
L
E
J,
S,
C
J,
R
P,

G.
J.
H.
S.
M.

• C.
.C.
.G.
.S.
.W.
.A.
.D.
.B.
.R.
.A.
.M.
.W.
J.
.E.
.H.
,R.
.0.
,R.
J.

Bigham
Brown
Chan (1)
Chidley
Fraser
Funk
Heighway
Hepburn
Hodge

J. Hoffmann
Hulbert
Hutcheon
James (2)
McKeown
McMichael
Ormrod
Schneider
Schriber
Shubaly
Ungrin

Mechanical Laboratory

J.E.
R.
R.
N.
D.
J.

J.
J.
.1.1
W.
F.

Anderchek
Bakewell
Kelly
3. Labrie
Warren
Weaver

Secretarial Staff

Technical Staff

B
R
L
H
M
K
L
B
K
A
J
S
P,
W.
R.
A.

.J.

.T.

.F.

.F.

.R.

.A.

.E.

.A.

.J.

.B.

.C.

.H.

.J.

.L.

.A.

.E.

Ardiel
F. Bird
Birney
Campbell
Cox
Dobbs
Geoffrey
Gillies
Hohban
Hood
Jones
Kidner
Metivisr
Michel
Vokes
Weeden

Laboratory Services

J.
J.
H.
,J.

Hewitt
Murphy

Waterloo Students

E.
W.
P,
È.

Keyes (3)
Walden (4)

Summer Students

S.
W.
E.

N.
M.
F.

Crocker (5)
Smith (6}
Talbot (7)

Mrs. M.A. Trecartin

(1) NRC Post Doctorate Fellow.
(2) NRC Post Doctorate Fellow, resigned 30 June, 1977.
(3) Resigned 29 April, 1977.
(4) Arrived 2 May, 1977.
(5) Joined Branch 16 May, 1977.
(6) Joined Branch 3 May, 1977.
(7) Joined Branch 2 May, 1977.
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6.2 Nuclear Power Applications

6.2.1 High Current Test Facility

B.G. Chidley

Work continues on assembly and testing of the 3 MeV

100% duty factor proton linear accelerator to study problems

in the initial section of an accelerator suitable for a

spaliation neutron factory.

a) Injector

J. Ungrin

The apertures of the electrodes at the high energy

end of the injector column were increased to reduce beam

interception. This change has had no significant effect on

the column breakdown rate for beams up to 30 mA. Modifica-

tions to the column which will reduce the electrode areas that

are at a high field gradient are being investigated as a

method of improving reliability.

A modified version of the high brightness ion source

used on the FINS accelerator was installed to increase the

current possible with a 10 mm plasma aperture. The turn-on

characteristics and beam divergence of this source proved

unsatisfactory in this application. Effort is being con-

centrated on increasing the injector current with the lower

brightness source.

Experiments have been carried out on the 100 kV

test column (PR-P-113, 6.2.1 a); AECL-5802) to investigate

the effects of beam interception by electrons on reliability.

An electron beam produced by a hot filament at ground potential
2

and accelerated across the 100 kV gap formed by two t< 60 cm

disc electrodes was used to model the effects of ion inter-

ception. Titanium, molybdenum, and type-304 stainless steel

have been tested to date. Beam currents as low as 50 uA

trigger breakdowns between titanium electrodes in ^ 10 minutes.

Beam currents of 500 pA reduce the time period to < 1 minute.

Both molybdenum and stainless steel electrodes are less
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susceptible to electron beam induced breakdowns. Under con-

ditions of no beam all three materials maintain the 3.1 MV/m

gap gradient for hours without breakdown. Investigations

on this phenomena are continuing.

b) Alvarez Linac

J.C. Brown and B.6. Chidley

High power commissioning of the triode amplifier

continues. Fading of the rf output power has been diagnosed

as a temporary emission deterioration brought about by

operation of the input resonator in the TEM2 rather than the

TEM3 mode.

In TEM2-mode operation a current maximum is

developed in the centre of the active portion of the grid-fila-

ment structure with small rf voltages at the extreme ends.

The resultant power gain is low and when drive exceeds 15 kW,

a part of the filament and grid overheats raising the gas

level. When plate voltage is applied, the increased gas

level results in positive ion borabardment of the filament

and subsequent surface poisoning. For these brief diagnostic

tests, filament emission was recovered readily and the

internal gas level is very low although sustained operation

at high drive levels would lead to permanent loss of

emission and high internal gas levels. Input excitation in

the TEM3 mode which places a, voltage maximum and current

minimum at the grid-filament mid-point is expected to produce

proper operation and larger power gains.

Attempts to excite the TEM3 mode proved unsuccessful

due to faulty resonator rf connections to the tube which

strongly reduced the circuit Q . The Q for the TEM2 mode

was not seriously degraded and consequently easily excited.

The amplifier resonator has been dismantled and

damaged finger 'tock repaired. A test installation of the tube

in the structure has demonstrated proper rf connection of the
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input resonator and proper excitation behaviour. Modiri-

cations are being installed to avoid faulty seating of the

tube in the structure or subsequent displacement by the

filament dc leads which carry the filament/grid block cooling

water. Final installation and power operation is expected

shortly.

The final amplifier rf power monitoring system has

been modified by the installation of a new chassis in which

the thermo-electric rf detectors and the dc metering circuitry

have been placed in a well-shielded enclosure. In the

earlier arrangement, rf leakage from the exciter stages

produced unacceptable drift.

6.2.2 Electron Test Accelerator

JoS. Fraser

This two tank experimental 4 MeV 100% duty factor

electron accelerator is intended to study problems associated

with the main portion of a spallation neutron factory based

on a proton linear accelerator.

a) g=l Tank Commissioning

J. McKeown

High power testing of this structure has continued

and during one half-hour run the total dissipated power

remained steady at 93 kW. The structure, klystron stand and

cooling system are now fully commissioned for continuous

operation at the design power of 60 kW.

Some of the important features of the structure at

design power are shown in Figs. 6.2.2.1 to 6.2.2.6. In one

experiment the forward power was turned on suddenly as shown

in Fig. 6.2.2.1 and Fig. 6.2.2.2 shows the dissipation of

this power in the two sections of the structure. The power

is measured calorimetrically using the product of coolant flow

and the temperature difference. The delay of the power flow
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following a rapid r i s e to design power of 60 kW.
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into the coolant is due to the thermal inertia of the

structure. About 3% of the total power is dissipated in the

bridge, rf window and tuner. The near equality of power

dissipated in sections A and B (Fig. 6.2.2.2) confirms the

low-power bead pull measurements.

The dimensional changes resulting from the tempera-

ture gradients change the field amplitude tilt. Figure

6.2.2.3 gives the ratio of the electric field in the

accelerating cells at opposite ends of each section. This

tilt has a time constant similar to that of the increase in

temperature of the side couplers of which Fig. 6.2.2.4 is

typical.

Six of the 18 side couplers were monitored for

temperature changes during the run. The increase in tempera-

ture resulting from the power dissipation is shown in the

following table.

Side Coupler No. 7 8 9 10 11 12

Temperature Rise 11.9 11.5 10.8 11.1 12.5 12.0

The average rise is 11.6°C in contrast to 16.1°C for the

experimental 3=1 structure (Model 1) tested at the same power

level (J. McKeown et al., Proton Linear Accelerator Conference,

1972, LA-5115, p.233).

To first order, the fields in the accelerating

cells are independent of cell detuning in the TT/2 mode, yet

the detuning expected from the small spread in side-coupler

temperatures does not explain the large initial field

amplitude tilt shown in Fig. 6.2.2.3; additional temperature

measurements are required for diagnosis.

Slow changes in side-coupler fields, which are

mainly attributed to accelerating-cell detuning and small

changes in cell-to-cell coupling are much as expected. This

is shown in Fig. 6.2.2.5. The response is similar to the

rate of accelerating cell detuning, as exemplified by the
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Tr/2-mode frequency in Fig. 6.2.2.6, which changes at a

faster rate than the side coupler temperature. This result

confirms the prediction of the coupled-resonator model that

side-coupler fields are dependent only on cell resonant

frequency errors.

Figure 6.2.2.5 which is typical of the other 9

side couplers monitored also confirms a prediction made during

low power tuning. The relative cell and side-coupler

frequencies at low power were adjusted so that the stop band

would close at high power. The figure shows that the initial

transient in side-coupler fields gradually decreased as the

frequency of the accelerating cells approached that of the

couplers. In the "Model 1" and in the present structure the

average ratio of high-power cw to pulsed side-coupler fields

was 1.3 and 0.98 respectively (see above reference) in

contrast to 0.47 for the graded-3 structure.

b) Start-up of Structures Under Computer Control

J. McKeown and G.E. McHichael

In preparation for computer start-up of the

accelerating structures, measurements of the performance of

the field-control loops were made and necessary modifications

begun.

It is desirable to allow the field-amplitude loop

to remain closed with the structure field as the controlled

variable. However when the rf power is applied at a low

level, the controller must not demand any appreciable power;

a simple controller detecting a low level of field would

demand more power when off resonance and the system would

shut down on excessive reverse power. The controller has

been modified to be insensitive to the crystal output at a

low set point and yet the forward power of 0.5 kW permits an

easy search for resonance.
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The capture range of the resonance control system

was measured with 60 kW into the 8=1 structure. In AFC mode,

frequency displacements of 173 kHz were introduced. The

loop reduced these to within the required operating range of

± 2 kHz. Excursions beyond this range will shut down the

system on a reverse power trip. Attempts to lock the resonance

loop at a tank power of 0.5 kW were unsuccessful without

changing the loop gain.

Electronic phase shifters have now been installed

to permit the selection of the phase set point by the com-

puter and work has begun to lock the phase of the 0=1 structure

to the phase reference line.

c) Graded-6 Structure Match Experiment

J. McKeown

Because of the importance of power efficiency in a

spallation breeder, attempts were made to run this well-behaved

structure without an isolator. With the drive power to the

klystron held constant, Fig. 6.2.2.7 shows the forward and

reverse power as the frequency is swept through resonance.

The sensitivity of the forward power to frequency errors

introduces a large coupling between the resonance and phase

and amplitude control loops.

The experiment was repeated under the same con-

ditions but with an 11 db isolator placed in the drive line.

Figure 6.2.2.8 shows the expected result that the dependence

of forward power on frequency is greatly reduced. The ideal

characteristic of the forward power would be flat but this

would require a very large isolation. The unavoidable

insertion loss would seriously reduce efficiency. However

the extent of the compromise between resonance disturbances

and source isolation can only be made after operational

experience with heavy beam loading. Therefore first beam

experiments with both structures operating are planned with

isolators between each klystron and its load.
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Figures 6.2.2.7 These figures show the effect of introducing

and 6.2.2.8 an isolator between the klystron and the

graded-6 structure.
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d) Two-structure Operation

J. McKeown

The first operation of the complete rf system

excited from a common rf source was made at the end of the

period. The graded-3 structure was operated at 33 kW and

the 3=1 structure at 61 kW from the master oscillator

operating at a fixed frequency of 804.781 MHz. Both klystrons

were also operated from a common high voltage supply. The

inlet water temperatures were 35.2°C and 32.9°C respectively.

The system ran for 20 minutes with the tuner in each bridge

compensating for disturbances in tank resonance.

The significance of this result may be appreciated

following a brief review of the history of the two structures.

The graded-3 structure suffered a drop in îr/2-mode frequency

of 764 kHz after brazing (about 20 times the bandwidth). The

frequency drop in the 3=1 structure was similar but after

relative side-coupler and cell tuning it was necessary to

increase its frequency by 400 kHz to bring it up to the

projected accelerator frequency. This projection was com-

plicated by an estimated frequency shift of 180 kHz because

of the presence of air at a known-relative humidity.

First beam experiments with the graded-3 structure

yielded a shunt impedance 24% less than the calculated value.

This required an increase in the power from 23 kW to 32 kW

to obtain the design fields, thus straining the capability

of the cooling system. Operation of the system at this

power is only possible above 35°C which requires the

structure to operate at frequencies less than 804,800 MHz.

The structures are quite different in design and

have a different resonant frequency at room temperature.

Unlike other linear accelerators, exciting the structure from

a common signal source must be a dynamic operation. The

resonant frequency changes by about 10 times the bandwidth

in goining to full power - about 400 kHz. This is caused
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mainly by cell distortion under power but is also caused by

a temperature dependence of 13 kHz/°C. The frequency range

of the tuner in the bridge-coupling cell is only 90 kHz for

the 3=1 structure and hence the structure temperature must

be varied to get both tanks to converge on the master

frequency. Transfer to the master oscillator is only possible

provided the run-up oscillator frequency and the master

frequency are within 2 kHz otherwise the system will shut down.

The first two-structure operation confirms the main

accelerator design parameters and once the structures are

locked to a common phase reference, beam experiments can begin.

e) Computer Data Acquisition and Control System

G.E. McMichael and J.S. Fraser

(i) Hardware

A fault in the central processor caused a three day

shutdown while replacement parts were obtained. During this

time, minor hardware and software incompatibility problems

with the disk system were eliminated by replacing the Pertec

drive by a second Diablo unit.

The beam transport controllers have been relocated

and are now being tested.

(ii) System Software

A fault in the executive, which caused the system

to crash if a "roll-out" operation was unsuccessful, has been

corrected. Subroutine "HEXDEC" has been added to the FORTRAN

library to provide hexadecimal output.

A program "BEAMLN" to document changes to the beam

line configuration has been added to the system.

(iii) Data Acquisition and Accelerator Control

A single-knob control program, functionally similar

to the transport control program, is now available to control

the rf and electron source set points. The data logging and
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relay control programs have been recoded to correct some

minor faults and accommodate the recently acquired third

frequency counter.

Coding of the structure run-up programs has been

completed and they nre being checked out.

A fast analog multiplexer is being built to

supplement the slower reed-relay system purchased with the

computer. The fast multiplexer includes circuitry to control

up to three wire scanners and to digitize and transfer to

the computer the current readings from the wires as they

transverse the beam. Alternatively, the multiplexer can

handle up to four rapidly changing variables with data

transfer rates up to 10,000 readings per second. Associated

with the multiplexer are a scanner control module and a

four-channel amplifier and analog-to-digital converter module.

All components of the system have been constructed and

testing has begun.

6.2.3 Fertile-to-Fissile Conversion Experiments at TRIUMF

B.D. Pate, I.M. Thorson and F.M. Kiely (Simon Fraser

University) with J.S. Fraser

This work is intended to provide experimental

measurements of neutron and fissile material production in

spallation targets for a neutron factory and to provide a

verified base for calculations of yields.

a) Experimental

Eleven irradiations were conducted in this period.

Table 6.2.3.1 shows the target configurations which have

been studied to date. Of the sixteen configurations included

in the program, total neutron flux data have been taken at

about 75 locations within the moderator (a density believed

adequate for accurate integration of the total neutron

leakage) in the case of eleven configurations at 480 MeV.

Data of the same density will be taken for the remaining five

configurations soon.
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Table 6.2.3.1

Summary of Neutron Leakage Experiments to Date

H = data taken with a "high density" of Au-foils

I» = data taken with a "low density" of Au-foils

C = epithermal data taken with cadmium covered foils

blank = configuration yet to be measured

X = configuration not in program

No of elements

Target

Pb 10.2 cm diam

Pb 3.8 cm diam

Th

U

uo2

Single Pb + Th

Single Pb + U

7 - Pb + Th

7 - Pb + U

1

HLC

X

LC

LC

X

X

X

X

X

7

X

HLC

HLC

HLC

X

HC

HC

X

X

19

X

X

HLC

HLC

X

HC

X

X

37

X

X

X

HC

HLC

X

X

In addition, data have been taken at a lower density

for nine target configurations to permit assessment of the

reproducibility of the above data, and with Cd-covered foils

for all configurations measured, to correct the data for the

epithermal contribution. The self-powered detector system

has been used to obtain the ratio of the integrated neutron

leakage from 12 target configurations at 350 and at 480 MeV

incident proton energy. These measurements will be completed

for all 16 target configurations shortly.
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The Au-198 activity data, fitted to a 2.7-day single

component decay, have been corrected for beta self-absorption

and detector geometry to produce maps of neutron flux as a

function of two dimensional coordinates within the moderator,

for each of the target configurations studied. The anomalous

flux values referred to in the last quarterly report have

been studied. It proved possible in almost all cases, due to

effective book-keeping, to trace the origin of and to correct

such values.

The problem of fitting the variation of neutron

flux with radius (R) from the beam line centre, and with

longitudinal distance down the beam line (Z), has been studied.

The process is more complex than would have been expected f.rom

the results of the Cosmotron bombardments conducted in 1966,

in part evidently because the major source of neutrons is

found at the present energies near to the front target face.

In particular the data are not well fitted by a single poly-

nomial in Z or in R. Trial fittings have been conducted with

analytical expressions of varying complexity, to data for

portions of the moderator volume only, to determine the

sensitivity of the final result for integrated neutron

leakage to details of the procedure adopted.

Conversations have been held with B. Dropesky,

M. Wilson and other LASL personnel on the logistics of

extending the present measurements to 800 MeV incident proton

energy via irradiations at LAMPF.

b) Equipment

(i) Gamma-ray Spectroscopy System

The NOVA computer system is now complete and is

being commissioned. Initial operating problems are being

corrected. NIM high voltage and amplification units have

been ordered. It is intended to delay purchase of X-ray or

y-ray detectors until initial measurements of conversion,
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fission and spallation product distributions, made with

borrowed detectors, have been evaluated.

(ii) Sample Changer

Construction has proceeded as far as possible until

the necessary relays (presently on order} arrive.

(iii) Target Assemblies

More lead elements, of dimensions matching those

of the uranium and thorium elements, are under fabrication.

These will permit measurement of mixed Pb/U and Pb/Th

assemblies, containing seven central lead elements.

(iv) Target Jig

A design is well advanced for an apparatus to

support the various target configurations (with removable

stringers) in the beam line for conversion, fission and

spallation distribution measurements.

(v) Thermocouples

Data have been received from LASL on the design of

"intrinsic thorium thermocouples", used for calorimetry of

heavy element targets. Adaption of this design to our targets

is being studied.

c) Calculations

Total pre- and post-fission neutron evaporation

spectra have been calculated by means of the FISMAP and

ALICE codes, for uranium and oxygen nuclei at 100 MeV of

excitation and a triangular angular momentum (taken to be

somewhat representative of the nuclei left at the end of

the prompt cascade resulting from 480 MeV protons incident

on UO»). Results are signficantly different presumably

because of the different treatment of angular momentum

effects in the two codes.
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6.2.4 Ion-Source Development

M.R. Shubaly

Ion sources providing up to 500 mA high-quality

proton beams will be required for a spallation neutron

factory. Emphasis in source development has shifted from

lower current sources, needed for the HCTF and FINS, to this

requirement.

a) Ion Source Test Stand

Test stand operation during the past quarter has

been generally good. The arc supply has given few problems

although its low output voltage is still limiting source

operation. A new arc supply has been ordered. A number of

modifications have been made to the test stand to improve

operation with high current beams.

The major change to the system has been the

installation of a new extraction and backstreaming electron-

suppression electrode system. The electrodes (connected in

an accelerating-decelerating configuration) operate with

•v< -800 volts on the extraction electrode. The test stand

previously operated with a 200 V bias applied to the

em.rttance measuring unit (EMU) and the Faraday cup to reduce

electron backstreaming and radiation. With this arrangement,

beams could not be space charge neutralized because the bias

would sweep the electrons from the beam; at high current

densities, a non-neutralized beam expands so rapidly that it

strikes and heats the walls of the EMU. The new system

allows the EMU and Faraday cup to be operated at ground

potential and decreases radiation levels tenfold.

A needle valve installed in parallel with the flow

transducer has given a five-fold increase in the measurable

gas flow rate. The accuracy of the system is uncertain but

will allow comparison of gas efficiency to be made. A Varian

"Smart Gauge" has been installed on the vacuum manifold which
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measures both system pressure and nitrogen partial pressure

and can therefore differentiate between a leak and outgassing.

b) High Current Ion Sources

Development of the duoPIGatron source continues.

Current densities of more than 400 mA/cm over a 2 cm

diameter are readily achieved. Beam quality at 100 mA is

good, however the proton percentage has not increased with

beam current as expected. Current densities as high as 725
2

mA/cm have been achieved, however beam stability was poor.

The strong space charge field associated with a high current

density beam distorts the applied electric field. The beam

tracing program AXCEL, developed in the Plasma Heating

Division at the Oak Ridge National Laboratories, calculates

a self-consistent potential distribution and beam shape in

the extraction region of a high current density ion source.

This program has been modified to work on the computer system

at CRNL and is starting to give useful results. Preliminary

measurements of current noise on the beam gave noise levels

low enough to make the measurements suspect. These measure-

ments will be repeated with more accurate equipment. Starting

characteristics of the source have been improved by connecting

the final anode and plasma aperture plate via a resistor to

the filament, rather than the first anode.

Development of a source based on the MATS III

source (Osher and Hamilton, Proceedings of the Symposium on

Ion Source and the Formation of Ion Beams, BNL-50310 (1971))

ha? begun. This source uses two coils to provide magnetic

field shaping, instead of one coil and an iron intermediate

electrode. Preliminary measurements on our version of this

source give a current density higher than Osher reports, but

less than the duoPIGatron. However, the proton percentage

is higher than for the duoPIGatron. One problem with this

source is that the small bore of the anode coil leads to a
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rapid field expansion outside the coil, making location of

the plasma aperture plate more critical and possibly leading

to a greater inhomogeneity across the beam.

c) Other Studies

Problems with filament poisoning and short filament

lifetime that occurred on the FINS accelerator but not on the

test stand prompted a study of the cause of these effects.

A few minutes after the arc had been turned off, the filament

emission would disappear; increasing the filament temperature

caused emission to slowly re-appear. After relatively short

periods of operation, the filament would fail. About a third

of the width of the filament would be eroded away, and the

final failure caused by localized overheating because of the

high filament current density in the uneroded part of the

filament. When the FINS source was run on the test stand

using the same source operating conditions as on FINS no

poisoning or filament damage occurred. A very small bleed of

SFfi into the source reproduced the poisoning effect, but not

the erosion. The damage was reproduced by operating with

high starting currents (as used on the FINS accelerator).

During these measurements, it was'noticed that high starting

currents also gave a more rapid deterioration of the anode

and intermediate electrode. Attempts to use a bright emitter

(which would be less susceptible to poisoning) were unsuccessful

because the filament supplies used on both the test stand and

FINS could not supply enough power.

The effect of background gas pressure on beam

transport was studied using a FINS source (which has good gas

efficiency) giving a 20 mA, 32 keV beam. Figure 6.2.4.1 shows

plots of the beam width at half maximum and at tenth maximum

at the EMU (̂  46 cm downstream) as a function of background

gas pressure for an initially diverging beam. Operation at
_2

pressure greater than 1.2 x 10 Pa was not possible because
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Figure 6.2.4.1 Ion-source beam width vs background gas

pressure for a 32 keV 20 mA beam, 46 cm

downstream.

of sparking in the suppression electrode. The decrease in beam

diameter at high pressure is caused by the reduction of the

space charge forces by electrons generated by the beam in the

background gas and trapped in the potential well of the beam.

A 20% decrease in the measured emittance at higher gas pressure

was also observed; an increase in emittance with increasing gas

pressure, caused by scattering from gas molecules, would have

been expected. The higher emittance at low pressure is caused

by the non-linear electric field generated by the non-uniform

charge density in the beam.
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Experiments with high current sources which,

because of their high gas load produce high pressure in the

extraction region, have shown almost complete stopping of

the beam during high gas flow operation.

6.3 Research Applications

6.3.1 Fast Intense Neutron Source (FINS)

J.D. Hepburn and B.G. Chidley

Reliability tests on the accelerator were run with

a 5 mA H beam on a bare copper target. (This gives a
12 +

projected neutron yield of 1 x 10 n/s, for a D beam on a

tritiated target.) The longest uninterrupted run was 6.1

hours, with the average £ 1.5 hours. The accelerator ran

well, with no component failures except two ion source

filaments which suffered from partial poisoning (loss of

emission) then erosion and melting. Later tests on the Ion

Source Test Stand showed that poisoning is caused by SF,. gas
b

in the vacuum system, and erosion is caused by a combination

of high arc current during arc starts, poisoning, and low H

gas pressure (see also section 6.2.4 c)). These problems can

be solved by changing operating procedures.

Following the reliability tests, the high voltage

power supply was dismantled and inspected. No degradation

of components had occurred since the last modifications made

in November 1976.

The accelerator was dismantled for moving to its

permanent location, a shielded room in Bldg. 513 (Health

Physics Branch)• Accelerator installation is now ^ 90% com-

plete, control wiring 80% complete, electrical services 40%

complete, and plumbing 60% complete. Work on completing the

shielded entrance maze and heating ductwork has not started

but these are not needed for proton beam tests. The com-

pleted high voltage column and beam line are being vacuum

leak checked. Proton beam tests are expected to begin in late

June or early July.
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Components for further column development experi-

ments are being readied. The trials in Bldg. 610 used the

Mark II accelerating column, which has three straight-sided,

unglazed ceramics bonded with polyvinyl acetate, and Mark II

electrodes, which are stainless steel built up with copper.

A Mark III column has been assembled using unglazed ceramics

with a convoluted inner surface and "Torr-seal" vacuum epoxy.

This is now installed on the accelerator for vacuum tests.

Ceramics for a Mark IV column (glazed versions of Mark III)

are on hand, and metal flanges are being machined. Mark III

electrodes have been designed and will incorporate a more

uniform accelerating gradient, better shielding of the

ceramics from X-radiation produced by backstreaming electrons,

better voltage stand-off, and improved electron suppression

at the ground electrode. The three columns and two electrode

sets mentioned are interchangeable.

6.3.2 Heavy-Ion Superconducting Cyclotron

J.H. Ormrod

Design and development on a superconducting

cyclotron for a post-tandem accelerator continues. Field

mapping is scheduled for early next year.

a) Code Development

E.A. Heighway

A code RESHAPE has been written to specify any

flutter pole shape corrections necessary after mapping of the

cyclotron magnetic field. The linearity of the uniform

magnetization approximation is used to form a set of simul-

taneous equations which are solved to find the azimuthal

corrections necessary to produce a given magnetic field

correction. Initial solutions exhibited large oscillations

with radius in the azimuthal corrections (impractical

solutions) and the simultaneous equations were modified to

simultaneously minimize the second radial derivative of the
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corrections. The code has now yielded sensible smooth

corrections for both a uniform field error and for a radially

periodic field error. The largest residuals, which occur at

the inner and outer hill edges, are of the order of a few

percent of the field correction.

Work has begun on a code to accept and smooth the

raw data from the magnetic field measurements.

b) Cryogenic Systems

J.A. Hulbert

The helium liquéfier continued to supply liquid for

low temperature tests on prototype magnet leads and for

resistance-ratio (at room temperature and at 4 K) measurements

on copper samples for magnet coil interconnections.

Some minor improvement in liquéfier performance

has been obtained by modifying operating procedures to increase

the efficiency of impurity discharge.

All six high pressure bank selector valves had to

be rebuilt and pressure tasted to stop involuntary helium gas

transfer between different parts of the helium circulation

system. We are now satisfied that the fault lay in poor

assembly by the manufacturer and that the valve design is

basically sound.

Manufacture of the aluminum gas holder is about

50% complete.

The prototype cryopump was found leak free at low

temperature and awaits super-insulation before the

mounting plate and radiation shield are fitted.

Low temperature tests on the 2500 A magnet lead

pair showed that the lead section had not been correctly

optimized. A remodelled lead, which is smaller in diameter

than the original, and has an improved design of seal, will

be ready for tests shortly.
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The computer analysis on the deflection modes of

the helium tanks has been completed by the Mathematics and

Computation Branch using the MARC software. The stiffening

effect of the side walls and end plates results in a distor-

tion of the midplane by only 0.06 mm in the axisymmetric

approximation employed.

c) Magnet

(i) Orbit Dynamics

K.A. Heighway

The study of the additional fixed points inside the

normal stable region at a v 'hole' has continued (see

PR-P-113, 6.3.2 c); AECL-5802). Based on a topological under-

standing of the phase space diagram it was predicted that

for v > 1 a region should exist where simultaneously both

the normal and the additional fixed points exist. A detailed

search using the accelerated orbit code GOBLIN has revealed

that such a region does in fact exist but only for a very

short radial range. The complete evolution of the phase space

diagram in the region of a v 'hole' is illustrated by Fig.

6.3.2.1. At the crossing of v = 1 from above,eight new

additional fixed points are created and are coincident with

the equilibrium orbit (EO). These migrate away from the EO

forming their own small stable region. As the crossing of

v = 1 from below is approached the fixed points again migrate

to coalesce with the EO but reappear again for a brief interval

after v has reached 1. They then remigrate towards the EO

to finally vanish leaving the original phase space diagram.

The deterioration in phase space in the presence

of a second azimuthal harmonic in the axial magnetic field

B is generally well understood (J.M. van Nieuwland, Fifthz
International Cyclotron Conference, Oxford, 1969, Butterworths,

London). However, accelerated orbit calculations for the

superconducting cyclotron showed no beam distortion even at



Figure 6.3.2.1 Evolution of the radial phase space diagram in transition through

the region of a vr 'hole
1.
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very large harmonic amplitudes when the radial extent of the

field imperfection was small. To understand this the phase

space diagram in the presence of a second harmonic radial

gradient in B was examined using the code TRIUMF. This is
z

shown in Fig. 6.3.2.2(a) where the normal compression of the

stable region is seen for increasing error field amplitude.

Figure 6.3.2.2(b) shows what happens if the radial extent of

the error field is decreased while keeping the amplitude at

3 mT/mm (large enough to theoretically eliminate the stable

region). The distortion is reduced until, for i» 100 mm

extent, virtually no effect is observed. Again, as for the

v 'holes', this indicates the tolerance of the cyclotron to

imperfections of short radial extent. Imperfections must

extend over a radial range of the order oi the normal

separation of the fixed points before significant deterioration

in phase space results.

Work is continuing on the statistical analysis of

the effect of the various magnet imperfections on the

cyclotron operation.

(ii) Magnet Excitation Calculations

C.R.J. Hoffmann . . .

The mutual and self inductances of the magnet

windings split into two coils, each coil being symmetrical

about the cyclotron midplane, have been calculated over the

whole excitation range using POISSON. Inductance values at

the low and high ends of the excitation range, where the

iron is respectively unsaturated and highly saturated, are

given in the following table:

ctanc

Ll

L2

M

:e (H) Excitation

Low

13.8

18.1

14.4

High

3.18

2.55

1.86
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Figure 6.3.2.2 Unstable fixed points in the presence of a second harmonic gradient.
(a) Dependence on gradient amplitude.
(b) Radially sinusoidal harmonic, dependence of fixed points on

wave length for a gradient of 3 mT/mm.
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Ii. and L. are the self inductances of the inner and outer

coils respectively (the inner coil is nearer the midplane)

and M is the mutual inductance.

Circuit models for charging and discharging the

coils have been analyzed. The main results are:

1. the ratio of the dc voltages applied

across the inner and outer pairs of

coils to charge the magnet (which

changes with current because the

relative inductances change) should

be controlled to better than 1% of the

required ratio to avoid reverse current

in one of the coils.

2. the coils can be charged to maximum

currents (2300 A) in ^ 1 hour using

appropriate 6 V power supplies.

3. the time to discharge the coils from

maximum excitation to below 1 A is

'v 10 hours for discharge resistors of

'v 5 mfi. Methods of reducing this

discharge time are being considered.

Emergency dumping of the coils is

about a factor of 10 faster.

(iii) Magnet Iron

Q.A. Walker (Civil & Mechanical Design Branch)

1) Yoke

Misalignment problems with the wall segments have

been resolved by special bolting and the wall is due for final

machining.

The boring of the trim rod holes in the magnet poles

is complete and they are being set up for alignment checks.

The end rings have been moved to the manufacturer's

fitting shop in preparation for dowel bracket welding.
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2) Hills

The final round of quotations for fabrication have

been examined. The selected company cannot flame cut the

thick steel plate and the steel supplier is now being asked

to quote on cutting the blanks.

3) Trim Rods

A 40 mm trim rod drive unit is being tested for

positioning accuracy and for performance in a magnetic field.

A second quotation request has been issued for ground bar

for the trim rods; the measured sizes of the trim rod holes

are now available.

The layout of the trim rod drives is being detailed.

Tests of vacuum seals are planned to complete this work.

(iv) Superconducting Coils

H.R. Schneider

Twenty-eight double-pancake coils have been com-

pleted. The winding line equipment is operating well and a

production rate of one coil every three days is being main-

tained.

(v) Field Measurements

K.C. Chan

The design of the flip coil is finished. The coil

forms have been machined out of MACOR and winding of the

coils has started.

A chopper-stabilized operational amplifier has

been chosen for the integrator circuit. A printed circuit

board is now under design for final testing.

The control system, designed around a PDP 11/34

computer is shown in Fig. 6.3.2.3. A CAMAC crate will be

located in the extension of Building 467 with a link to the

computer in Building 137. Electronics modules have been

ordered. Data transfer will be mainly through the IGORs

(Input Gate/Output Register) in the CAMAC crate.
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d) Accelerating Structure

C.B. Bigham

Construction of the full-sized rf structure and

dummy

arapli

of 19

vacuum chamber for out-of-magnet tests continues.

A purchase order for the main 100 kW rf power

ier has been issued; shipping is scheduled for the end

7.

A voltage control circuit has been wired and

partially tested. This circuit and the automatic resonator

tuner circuit wired earlier are the main controls required

for manual operation of the cyclotron rf system. They will

be partially tested with the Collins 205-G supply driving the

single X/4 resonator at powers up to 20 kW.

e) Injection

(i) Foil Changer

D.L. Beaulieu (Civil & Mechanical Design Branch)

The conveyer chain has been ordered.

Detailed design of the foil handling mechanisms at

the magazine is still underway. Modelling of the entire

system will start shortly. • - •

f) Extraction

C.R.J. Hoffmann

Walkinshaw resonance calculations for C at

50 MeV/u were done to establish an upper limit on B 1, the

first harmonic resonance extraction field amplitude. An

axial emittance diagram was tracked in GOBLINEX (with radial

and axial motion coupled) from radius of 0.55 m out to the

entrance of the electrostatic deflector for several values

of B... The emittance diagram at 0.55 m was assumed

rectangular with Z = 4 mm and p = 0 . 3 mm. The results show
z

that axial beam growth is small for B1 below 2 mT.
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Superconducting wire for the magnetic channel has

been selected and purchased; it is multifilamentary Nfc^Sn,

diameter 0.5 mm, with a short sample current rating of 300 A

in a 5 T magnetic field.

Mechanical design of the support structure for the

superconducting windings has started.

6.4 Mechanical Laboratory

J.E. Anderchek

The Mechanical Laboratory operates the machine shop

and furnaces in Bldg. 145 and carries out mechanical construc-

tion, 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 - 98.3%

Reactor Physics Branch - 1.7%

6.4.1 High Current Test Facility

Assistance was provided in the selection of a

surface coating for a new cooling water sheath for the 400 kW

rf load. Two leak-rate test rigs were fabricated and

several test lengths were prepared from sample lengths

supplied by the sheath manufacturer. Also a new end seal

and support cone was fabricated for modifications to the

input end of the load.

Special adapters and hose fittings were fabricated

to permit installation of a larger diameter hose for the

triode amplifier plate cooling water connections.

An encapsulating form and twenty heat sinks were

fabricated for construction of new temperature sensors for

the triode and tetrode amplifiers. Also special holders

were machined for supporting rf sampling probes in the

triode amplifier input resonator.
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Assistance was provided in the assembly of the

Alvarez accelerating structure. Adapting flanges and heat

sinks were fabricated for electron beam welding of the beam

line bellows to the structure end plates.

The apertures of the accelerating column electrodes

were increased in size and electrodes were manufactured for

the 100 kV materials testing column.

Repairs were made to a beam line scraper and

modifications were made to the first bending magnet chamber.

A new set of extraction-suppression electrodes was

fabricated for the Ion Source Test Stand. One of the

electrodes was subsequently modified. Electrodes for a

reflex arc source were made, two duoplasmatron anodes were

replated and one was repaired.

6.4.2 Electron Test Accelerator

Two chassis were made for prototype phase control

circuits for multi-tank operation of the Electron Test

Accelerator and miscellaneous parts were fabricated for beam

diagnostic devices and for the electron gun control system.

6.4.3 Fast Intense Neutron Source

Most of the work involved ion source repairs and

modifications (to an extractor, source can, three intermediate

electrodes and one anode) and the fabrication of two plasma

aperture plates.

A high voltage cable support disc and ground plate

were made and the cable window modified for the high voltage

power supply.

6.4.4 Heavy-Ion Superconducting Cyclotron

Numerous small tools and fixtures were made to

assist in coil winding. These included tensioners and glue

fixtures for the radial "T" clamps, a sanding jig for radial

clamp shoes, a tape applicator for tilt correction of the
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conductor in a pancake coil and a brake system for the

winding table.

Various parts required for development of a coil

alignment system were constructed and forty-three electrical

connectors and two inter-coil connector plates were made.

A model flexible probe drive for the cyclotron

extraction channel probe was designed and manufactured

together with several stripping foil holders and forty-two

MACOR flip coil bobbins.

An automatic liquid helium transfer tube for

cryopump tests was fabricated and assembled.

For the rf structure experiments, several tuner

shorts were repaired and rf finger stock replaced and a new

tuning short and a fine tuner were manufactured for the A/4

resonator.

6.4.5 Reactor Physics

ZED-II Reactor

Numerous end caps, hanger and fuel sheaths were

machined for the "Bruce G-2 Absorber" experiment, the "Hot

Loop" experiment and for the "NRX Trefo.il" experiment.

6.4.6 Neutron and Solid State Physics Branch

A liquid helium pot was repaired and modified and

a cadmium absorber was fabricated.

6.5 Publications, Reports, Papers, Lectures and Patents

Reports

COMPUTER CONTROL OF THE BEAM TRANSPORT SYSTEM OF THE CHALK
RIVER ELECTRON TEST ACCELERATOR
G.E. McMichael, S.H. Kidner and J.S. Fraser
AECL-5544, May 1977.
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Papers

THE SPALLATION BREEDER OF FISSILE MATERIAL
J.S. Fraser
Paper presented at the Canadian Association of Physicists
Annual Congress, Saskatoon, Saskatchewan, June 20-23, 1977.

THE CHALK RIVER SUPERCONDUCTING HEAVY-ION CYCLOTRON
J.H. Ormrod
Paper presented at the Canadian Association of Physicists
Annual Congress, Saskatoon, Saskatchewan, June 20-23, 1977.

Patentr.

U.S. PATENT NO. 3,925,676
SUPERCONDUCTING CYCLOTRON NEUTRON SOURCE FOR THERAPY
C.B. Bigham and H.R. Schneider
Issued 9 December 1975.

CANADIAN PATENT NO. 1,009,382
X-RAY BEAM FLATTENER
S.O. Schriber
Issued 26 April 1976.

CANADIAN PATENT NO. 993,124
A MAGNETIC BEAM REFLECTOR SYSTEM
E.A. Heighway
Issued 13 July 1976.

U.S. PATENT NO. 3,999,096
A LAYERED, MULTI-ELEMENT ELECTRON-BREMSSTRAHLUNG PHOTON
CONVERTER TARGET . . -
L.W. Funk and S.O. Schriber
Issued 21 December 1976.

CANADIAN PATENT NO. 1,003,892
LAYERED, MULTI-ELEMENT ELECTRON-BREMSSTRAHLUNG PHOTON
CONVERTER TARGET
S.O. Schriber and L.W. Funk
Issued 18 January 1977.

U.S. PATENT NO. 4,006,361
X-RAY BEAM FLATTENER
S.O. Schriber
Issued 1 February 1977.

CANADIAN PATENT NO. 1,008,125
METHOD AND APPARATUS FOR MAGNETIC FIELD TRIMMING IN AN
ISOCHRONOUS CYCLOTRON
C.B. Bigham
Issued 5 April 1977.
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U.S. PATENT NO. 4,027,193
KLYSTRON-RESONANT CAVITY ACCELERATOR SYSTEM
S.O. Schriber
Issued 31 May 1977.

U.S. PATENT NO. 4,028,583
HIGH POWER-DOUBLE STRAPPED VANE TYPE MAGNETRON
C.B. Bighciin
Issued 7 June 1977.
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