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SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

A high-gradient tube that had been returned to the

manufacturer in the last quarter for correction of a defect

that was limiting beam transmission was returned but the

expected improvement in transmission has yet to be fully

realized; tests and adjustments are continuing. This tube

work considerably reduced MP tandem availability during the

quarter.

Experiments running

Scheduled shutdowns

Unscheduled shutdowns

Fifteen experiments were performed involving CRNL

and 7 visiting scientists. The visiting scientists were

involved in experiments occupying 70% of the beam time and their

participation averaged 37%.

Research Activities

Measurements of magnetic moments (g-factors) in nuclei

in the Zr- Ru region have shown a systematic behaviour in

good agreement with predictions of perturbation theory.

The assumption basic to current theories of perturbed

angular correlations that atomic alignment is randomized at

each atomic collision or transition as a recoiling ion passes

through a foil has been shown incorrect experimentally by following

perturbed angular correlations of y-rays over long travel
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distances and times. A computer program describing the

actual behaviour is under test.

Experiments by an international team (Canada, f

United States, Denmark) to measure by crystal blocking the

lifetimes of compound nuclei preceding fission are continuing

with studies of highly excited mercury and lead nuclei produced

by heavy ion bombardment of thin tungsten crystals.

A painstaking experiment to study a rare reaction mode

yielding high energy deuterons from the He + He reaction was

carried out using the QD, spectrometer to isolate reaction

products. The result provides an upper limit for the cross

section an order of magnitude below a current literature value.

The Chalk River bremsstrahlung monochromator originally

installed at the University of Toronto Linac Laboratory has been

moved to the University of Illinois Microtron Laboratory where

the 100% duty factor will increase the counting rate efficiency
4

by a factor of 10 . The monochromator will be used by a team

of CRNL, University of Toronto and University of Illinois

scientists.

1.2 Accelerator and Applied Physics

Research Applications

The new accelerating column of the Fast Intense

Neutron Source has been tested satisfactorily at full voltage

with currents up to 25% of design value.

The heavy ion cyclotron modelling program included

the following developments:

- Apparatus for current lead tests and cryopump

tests has been assembled.

- Design of the main cryostat is nearing completion.

- The vertical focusing problem for 50 MeV/u carbon

ions is solved and the axial betatron frequency is

now in sn acceptable range.
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- Detailed calculations on error fields introduced

by hill tolerances have been completed.

- Detailed design of the hills and skirts is

essentially complete.

- Over three quarters of the superconductor has been

received and 2 of the required 32 double pancake

coils h£-ve been wound.

- Construction of "die rf accelerating system is well

advanced.

- Optimization of the first-order design for the

injection line from the MP tandem to the cyclotron

is nearly complete. Considerable effort is being

directed to straggling problems introduced by the

stripper.

- Preliminary design of the injection dipole is complete.

- Good progress has been made in solving the extraction

problem.

- The control computer (PDP 11/34) is being installed

and specification and procurement of interface

electronics is progressing. Close collaboration has

been established with the VICKSI project at Hahn-

Meitner Institute on computer control systems

specifications and computer programming.

- Radiation shielding measurements in the MP Tandem

laboratory indicate existing neutron skyshine shielding

to be adequate with the planned layout.

Nuclear Power Applications

Modifications to the accelerating column of the High

Current Test Facility have not resulted in satisfactory

performance; further modifications are under way. The output

power of the rf system is limited by coupling problems in the

output resonator; modifications are in progress.
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The second 100 kW klystron for the Electron Test

Accelerator was tested successfully. Three operational tubes

are now available. A klystron testing station is nearing

completion. The second accelerator tank has been taken to

50 kW in a commissioning test.

In the fertile-to-fissile conversion experiments at

TRIUMP most of the planned irradiations to measure neutron

leakage from uranium, thorium, and uranium oxide targets

bombarded by 300 and 480 MeV protons are complete. Equipment

is being assembled for experiments in which the production of

fissile material in target assemblies will be measured directly.

The Monte Carlo program for calculating neutron production in

spallation targets is being improved and generalized to handle

more complex geometries.

1.3 Solid State Physics

Studies by neutron scattering of the damage caused

by ultraviolet radiation in DNA-related compounds have been

extended to a wide range of substances, some of which show

effects similar to those observed previously for 1-methylthymine

while others appear to be insensitive to UV irradiation.

Irradiation by sunlight and 254 nm UV light show similar effects

in 1-methylthymine.

Acoustic branches of the phonon dispersion relation

in cytosine monohydrate have been measured and it is planned

to extend the measurements to related compounds with the goal

of extrapolating the results to DNA for which information on

the role played by water in determining the bonding energies

of pyrimidine bases would thereby be obtained.

Analysis of previously measured phonon dispersion

curves in GaS confirm the quasi-two-dimensional behaviour of this

material. Phonon dispersion curve measurements in CoQ 92
Fe0 08

are nearly complete. In a cooperative experiment at the Institut

Laue-Langevin a novel polarized-neutron technique was used to

study magnetic excitations in
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Neutron elastic scattering was used to study

rotational motions of the molecules in the plastic crystal

SFg. The temperature dependence of these motions could not

be related to the phase transition which takes place at

T = 95 K.

A new technique was used to study the small-angle

scattering in SrTiO3, in an attempt to observe temperature-

dependent domain scattering, and in amorphous carbon, in an

attempt to determine the distribution of particle sizes. The

technique was used at wave-vector transfers approximately

two orders of magnitude smaller than those usually employed in

conventional experiments.

1.4 Detectors

Radiation detectors made from CdTe crystals grown

by the slow-cooling method show a y-ray resolution of 4,7 keV

at 122 keV, which is adequate for many applications, and an

a-particle resolution of 15 keV at 5485 keV, which compares

favourably with that attainable with good silicon and germanium

spectrometers. These achievements represent a significant

step forward in CdTe detector technology where most applications

hitherto have been restricted to those requiring little or no

energy resolution.

1.5 Applied Mathematics and Computation

A major expansion of Computing Centre facilities took

place during the quarter, with the addition of a CDC CYBER 170

Model 175 computer to the existing 6600 and 3300. The 841 disc

storage system formerly used was replaced by an 84 4 system,

increasing total on-line storage to 730 x 10 characters. The

175 is program-compatible with the 6600, and since both

computers have access to permanent files stored on the 844

system, all users1 programs can run on either main-frame; a

channel-to-channel interface provides the means for load-sharing.
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Along with the introduction of the 175, CDC's new

operating system, known as the Network Operating System:

Batch Environment (NOS BE) was adapted to local requirements

and installed. The operating system conversion was accompanied

by the replacement of compilers, utilities, and subroutine

libraries by the latest editions.

Work continued on the development of software for

the Superconducting Cyclotron/MP Tandem control system. During

a visit to the Hahn-Meitner Institute a program was written to

test some of the CAMAC modules to be used in both the Hahn-

Meitner and CRNL systems. The MUMTI interpreter was used to

develop the program, whose size and complexity provided a very

good test of the MUMTI system.

The acoustical analysis of a model representing the

Gentilly-1 steam system, including the re-heaters for the steam

supply for the La Prade Heavy Water Plant, continued, and the

dominant modes of oscillation below about 3 Hz identified.

A limitation in the current version of the MARC

stress analysis program has been identified, and an improvement

to correct the handling of elements describing gaps which may

open and close has been developed. An analysis of the stresses

in the end ring weld of the heavy-ion superconducting cyclotron

was completed. An analysis of the temperature distribution

in various designs of shipping flasks was carried out.

The necessary theory was developed and programs

written to calculate energy loss distributions for specified

charge states of heavy ions after passing through thin gas

strippers.

The fraction of the total kinetic energy of the fast

neutrons in a fusion reactor that could be translated into

forward motion of protons recoiling from a target and hence

in principle directly converted to electricity was calculated

by a Monte Carlo method.



- 7 -

Miscellaneous programs and subroutines developed

or modified during the quarter included:

A program to perform a regression analysis on

critical crack length tests on cold-worked Zr-Nb

pressure tubes.

- An extension to the LIRA package of SNOBOL routines

for integer and rational fraction arithmetic.

- Modifications to the programs for editing, storing

and interrogating Glace Bay Heavy Water Plant

operating data to accommodate changes in the data

collection system.

A program to calculate the rate of dissolution of

hydride platelets in Zircaloy.

A program to analyze the gamma spectra of material

deposited in the NPD primary coolant system.

The total workload of 75,712 jobs for the CDC

CYBER 175/6600 computers during the quarter was distributed

as follows:
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Percentage of
Number of Jobs

26.31

16.830

3.134

2.033

1.644

4.093

5.094

Percentage of
Total Utilization

7.156

42.505

7.372

0.547

0.694

1.231

6.039

Computing Centre

Power Projects

WNRE

Technical Information &
University Relations

Biology and Health Physics

Chemistry & Materials

Physics

Electronics, Instrument n c_o . .,.,.
and Control °'573 °'156

Advanced Projects & ,~ s, n .- -
Reactor Physics 12.830 16.236

Fuels & Materials

Administration

Medical

Finance

Operations

General Services

Plant Design

Special Projects

Others

14.805

0.732

0.1^6

2.070

4.046

0.235

1.106

2.996

0.045

12.699

0.148

0.023

0.909

2.486

0.053

0.197

0.581

0.284
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2.1 Staff

Branch Head: J.C.D. Milton

Professional Staff

SECTION I

J.C.D. Milton

Technical Staff

Accelerator Group

T.K.
G.C.
J.R.
W.G.
T.

A.J.
J.S.
J.C.

0.
D.

K.P.
A.B.

D.

Alexander
Ball
Beene (1)
Davies
Faestermann (2)
Ferguson
Forster
Hardy (3)
Hausser
Horn (2)
Jackson (4)
McDonald
Ward

P

J.
N.
R.
L.
J.
J.
R.

A.S.
K.

J.P.
A.
F.
R.
R.
E.
D.

W.
L.
R.

A.
C.
L.
H.
L.
J.
E.
C.
T.
D.
R.
J.
A.
B.
C.
J.

L.
V.
B.

Barsczewski
Bray
Brown
Bucholtz
Gallant
Hill
Howard
Hyde
McKee
O'Dacre
Rutledge
Sharp
Surette
Tomlinson
Wai to
Yaraskavitch

Perry
Smith
Walker

SECTION II Beta Ray Group

R.L. Graham
H.R. Andrews
J.S. Geiger (5)

SECTION III Radioisotope Standardization Group

J.S. Merritt F.H. Gibson

Students & Visitors

E.T.H. Clifford (6) M.N. Wightman (7)

Laboratory Services & Workshop

G.M. Boire
M. Desrochers
C. Johnson

Secretarial Staff

J.R.H. Bowes
S.M. Carlos



- 12 -.

(1) NRC Postdoctoral Fellow: left November 4 for Oak
Ridge National Laboratory.

(2) NRC Postdoctoral Fellow.

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

(4) Visiting research associate from University of
Toronto.

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

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

(7) Student from the University of Waterloo; left
21 December.
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2.2 On Parity Mixing in the J = 17/2 Doublet in Tc

0. Hausser, T. Faestermann, D. Ward, H.R. Andrews and
B.A. Brown (Michigan State University)

In a recent publication (Phys. Rev. C13 (1976) 1194)

B.A. Brown et al. reported two levels of J = 17/2 with opposite

parity and a separation of 0.44 + 0.02 keV. The 17/2 member

of the doublet is isomeric (T. ,_ = 10.1 ± 0.3 us) and partially

decays (26%) by a 750.7 keV gamma ray to a 13/2+ level. The

allowed multipolarities in this transition, M2 and E3, are

strongly inhibited and one may therefore expect to find a size-

able, parity-forbidden E2 admixture. If one assumes that the

transition proceeds entirely by E2, one may derive (Brown et a L

loc. cit.) a rather low limit, j<17/2+|HpNJ17/2~j <_ 0.34 eV for

the parity-non-conserving matrix element.

We have previously measured the g-factor of the 17/2

isomer (PR-P-110: 2.7, AECL-5546) and have now extracted angular

distribution coefficients to obtain the mixing ratio, 6(E3/(M2+E2))

= 1.2+n'., which indicates a significant E3 contribution. This

result can be combined with a recent measurement of a , the
K

K conversion coefficient (Brown et al., MSU Annual Report 1976,

p.53) yielding r ( E 2 ) / r
t o t a l = °-12 ± 0.12 and |<17/2+|HpN|17/2~>|

< 0.15 eV. The estimate of T(E2) can be slightly improved by

more refined experiments to measure 6 and a. . It was estimated

that the largest sensitivity can be gained if the linear and

circular polarization of the 750.7 keV gamma ray are determined.

2.3 Proton Core Polarization Contributions to Magnetic Moments
in N = 50 Nuclei

T. Faestermann, O. Hausser, D. Horn, H.R. Andrews, D. Ward
and I.S. Towner (Theoretical Physics Branch)

89 94The nuclei between Y and Ru contain a number of

isomeric states whose g-factors can be measured accurately.

These isomeric states are characterized by a closed neutron

shell (N = 50) and a rather pure ^^/^I^/^ proton structure.



Table 2.3.1

Nucleus JTT

91Nb 17/2"

92MO

9 4Mo

9 3 TC 17/2"

94
RU

Main
Configuration

neutronproton

8 + Pi/2g9/2+-* ^

+ 2 4
8 Pl/2g9/2

Tl/2 g(uncorrected) a(%) a* K(%) b )

134+4 ns 1.360+0.004 0.423 0.6+0.3 1.358+0.008

3.4+O.lys 1.277+0.013 0.439 0.610.3 1.275+0.017

21415 ns 1.417+0.003 0.455 0.6+0.3 1.415+0.007

10312 ns 1.319+0.007 0.455 0.610.3 1.31710.011

10.1+0.3ysc) 1.234+0.OO3C) 0.471 0.610.3 1.23210.004

68+10 psc) 1.390+0.OO1C) 0.488 0.610.3 1.388+0.004

a) Feiock and Johnson, Phys. Rev. 187 (1969) 39

b) estimated from the systematics of Knight shifts

c) see PR-P-110: 2.7, AECL-5546
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A systematic study of their g-factors enables one to investigate

shifts in their magnetic moments resulting from (p., ,, p, ,~ )
m— 1 J-/z

and (g Q / o g i n ) core excitations. Previously, we have reported
y/^ '/•£ 93 IT -

stroboscopic measurements of g-factors in Tc (J = 17/2 , T. ,„

= 10.1 us) and in 94Ru (J^ = 8+, T 1 / 2 = 68 ps) (PR-P-110: 2.7,

AECL-5546).

We have now measured the g-factor for the 17/2 , T,,- =
91

3.4 ys isomer in Nb. The g-factor is given in Table 2.3.1
together with improved measurements of previously known g-factors

90 92 94in Zr, Mo and Mo. Half-lives and corrections for diamag-

netism (a) and Knight shift (K) are also given.
92The g-factor in Mo shows the smallest deviation from

the Schmidt value (g = 1.51), since the (P-w2 Pi/2^ contri-

bution vanishes as a result of the p, / 9 subshell closure. The
91 93 92

decrease in the g-factors from Nb to Tc and from Mo to
Ru are a result of the buildup of the (gQ /r)

m~ g_ ,,) core polar-
ization as has been pointed out previously (PR-P-110: 2.7, AECL-

90 +5546). The smaller than expected g-factor for the Zr (8 )

isomer results from the (P3/2~ Pn/2^ core polarization, which

is very large because of the empty Pi/ 2 subshell and because of

the small p, ,, ~ Pi/o energy splitting.

In contrast to previous investigations of g-factors in

the ( h Q " ) proton series at N = 128 (Phys. Lett. 63B (1976) 279),

the observed results can be well explained in first order pertur-

bation theory.

2.4 Search for Isomers in Rh and Pd

H.R. Andrews, T. Faestermann, O. Hausser, D. Horn and D. Ward

90
The existence of isomers in the N = 50 nuclei Zr -

94

Ru provides a unique opportunity for studying core polarization

contributions to g-factors of proton orbitals. We have searched

for isomers in Ru and Pd, both N = 50 nuclei, using a variety

of heavy ion reactions.
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95

Rh, for which some beta decay properties are known,

was substantially populated by the ^ Mo( Li,3n) and the

->̂ Ni (4"ca,3p) reactions. The experiments did not show delayed

gamma rays (T!\/2 > 30 ns) that could be attributed to 95Rh.

The 17/2" state is only expected to be isomeric if the lowest 17/2+

state is higher in energy. The calculations of Gloeckner and

Serduke (Nucl. Phys. A220 (1974) 477) predict both states to be
roughly degenerate in 9J>Rh, a s s e e n ±n

 3 T C .

'"Pd, whose ground state decay is as yet unknown, was

possibly produced by the 60Ni(40Ca,2p2n) reaction at Eca = 130 MeV.

A number of delayed gamma rays have been seen with energies

close to those predicted (loc. cit.) from de-excitation of an 8+

isomer. For a positive identification additional Y-v-coincidence

data are required.

2.5 12 States in Tl Isotopes

C.H. Herrlander (Michigan State University and AFI, Stockholm),
O. Hausser, D. Horn, A.B. McDonald, T.K. Alexander and
T. Faestermann

A 3.76 m J = 1 2 two-quasiparticle isomer in Tl

has recently been found through the use of the Hg( Li,any)

reaction (Phys. Lett. 64B (1976) 273). We have now searched for

similar isomeric states in ' ' Tl using again the (Li,any)

reaction with E( Li) = 36-44 MeV and thick targets of natural
198 202 +

Hg, Hg and Hg. The gamma rays from the known isomeric 7

states (T 1 / 2 = 34 ms in
 2 0 0Tl, 572 ys in 2 0 2Tl and 65 ys in 2 0 4Tl,

respectively) have been clearly observed- Since the 12~ states

are ex jcted to decay through their respective 7 states, and the

gamma rays de-exciting the 7 states have been observed to decay

with T w 2 (
7 + ) * ~'7e c a n conclude that the half-lives of the 12~

states are not in the range ^ ,2 (7
+) <_ T1/2(12~) <_ 30 m, the

longest time recorded. It is likely that 10~ or 9+ states lie

sufficiently low in 2 0 0' 2 0 2' 2 0 4
Tl to destroy the extremely long

half-lives of the 12 two quasiparticle states.
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The decay scheme of the 12~ isomer in Tl has been

re-investigated by a y-y coincidence experiment. The weak

decay branches, 12~ -> 8* (316.8 keV, M4) , 8* ->• 8* (247.4 keV,_ , z z I

Ml) and 12 •+ 8. (564.2 keV, M4) , which were previously assigned

on the basis of gamma-ray energies and half-life information,

have been confirmed by these coincidence data.

2.6 High-spin Isomers in Rn

D. Horn, A.B. McDonald, 0. Hausser, T.K. Alexander, T. Faestermann
and C.J. Herrlander (Michigan State University and AFI, Stockholm)

Further experiments with the Hg( C,xn)Rn reaction

have resulted in the identification of three new transitions
212

in Rn feeding the previously (PR-P-111: 2.3, AECL-5614)

identified levels. A level ordering was obtained by measuring

an excitation function with C energies from 70 to 85 MeV, and

placed the uppermost observed level at more than 8.5 MeV in ex-

citation energy (see the proposed level scheme in Fig. 2.6.1).

Y~Y coincidence data showed this level to be isomeric,

with its 702 keV transition having T, ,_ > 100 ns. The transition

following it (736 keV, T, ,„ = 35 ns) was found to have a g-factor

of 0.60 ± 0.07. The next transition(969 keV, prompt), with a

surprisingly large Legendre polynomial coefficient, A«, of about

1, precedes the previously mentioned (PR-P-111: 2.3, AECL-5614)

isomer with T, .„ = 113 ns and g = 0.70 ± 0.01 now thought to Lie at

about 6200 keV. This g-factor is substantially less than the

values generally reported for proton single particle configur-

ations of h gj 2
 a n d ii3/2 (e>9" 9 = 1-03 ± 0.02 for 17") and may

therefore be taken as an indication of coupling to the lowest 5~
208

collective state of the Pb core. Since the transitions seen

after this isomer (395, 515, 53 2 and 659 keV) all appear to have

prompt components as well, an unobserved low-energy transition

to the 6147 keV level is proposed. Assignment of Jw = 22 + to

this isomer and a spin of 25 or 26 to the uppermost observed
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(2S-.26+) * 1 ° O n S

(20 + )

17"

12 +

10 +

8 +

6 +

4 +

2 +
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ORDER OF 347 AND 1359 MAY
BE INTERCHANGED, AS MAY
THAT OF 448 AND 68.

Fig. 2.6.1: 212
Rn Proposed Level Scheme
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isomer would not be unreasonable in the light of the above

information.

For the lower transitions, the level ordering was

confirmed, and several short half-lives were observed for the

first time: 477 keV ^ 8 ns and 227 keV ^ 13 ns.

2.7 Vacuum Deorientation of States in Cd and Cd

H.R. Andrews, 0. Hausser, D. Ward, D. Horn and R.L. Graham

The previously reported measurements (PR-P-107: 2.9,

AECL-5256) of the perturbed angular correlations of gamma rays

emitted by Cd nuclei after recoil in vacuum following excit-

ation in the reaction 94Zr(16O,3n)107Cd at 56 MeV have been

extended to longer times. The present measurements were made

with a new recoil distance apparatus designed for long travel

(up to 3 cm) and thus the time scale was extended from the

previous 16 to 400 ps to about 8000 ps. The "hard core"

behaviour reported previously for the perturbation of the 21/2

level persists to the limit of the present measurement, and the

onset o£ similar behaviour after ^ 200 ps for the ll/2~ state,

suggested by the earlier results, is verified. An attempt was

made to carry out similar measurements on the 5/2 247 keV

isomer in Cd using Coulomb excitation with O but no results

were obtained because of difficulties with targets.

These results, which now show unequivocally the import-

ance of static perturbations, will be used in conjunction with

the program described in the next report (PR-P-112: 2.8, AECL-

5696) to place limits on the lifetimes of the atomic excitations

produced by the interaction of the recoiling Cd ion and the

target foil.
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7.8 The Effects of Angular Momentum Conservation on Perturbed
Angular Correlations in Isolated Atomic Systems

H.R. Andrews and J.R. Beene

Existing theories of perturbed angular correlations

arising from hyperfine field fluctuations caused by atomic

collisions or transitions in excited atoms assume that the atomic

alignment is randomized at each collision or transition (e.g.

M. Blume, Nucl. Phys. A167 (1971) 81). This is manifestly untrue

in the latter case since atomic transitions are predominantly El

in nature, and is unlikely in the former case because of the

frequent observation of polarized light from beam foil excited

atoms and from ion beams traversing low pressure gases (e.g.

S. Bashkin, ed. Beam Foil Spectroscopy, Nucl. Instr. and Meth.

110 (1973) 1). Since a proper treatment of the atomic alignment

precludes a simple closed form for the results, a program has

been written that follows the time evolution of the joint nuclear-

atomic density matrix as the atom makes transitions of multi-

polarity L according to a Poisson time distribution generated

from random numbers. The program is being used first to explore

qualitatively the effects of non-randomizing atomic transitions

on the nuclear alignment as a function of correlation time,

nuclear spin and atomic spin.

2.9 Lifetimes Preceding Fission of Highly Excited Hg and Pb Nuclei

Produced by C and o Bombardment of Thin Tungsten Crystals

J.S. Forster, W.M. Gibson (SUNY, Albany), K. Jorgensen (Aarhus
University), I.V. Mitchell (Solid State Science Branch) and
D. Ward

Further lifetime measurements of compound nuclei preceding

fission have been made by bombarding th Lr. single crystals of W

with C and O beams. Previous experiments for O bombarding

tungsten (PR-P-105: 2.11, AECL-5121 and PR-P-109: 2.17, AECL-

5508) have been analyzed and reasonable agreement between theory
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and experiment for the extracted mean lifetime value for nuclei

surviving more than 10 s before fissioning, as well as the

number that survived, has been obtained. The theoretical calcu-

lations (H. Hagelund and A.S. Jensen, to be published) indicate

that for bombarding energies near the fission threshold, the

number of compound nuclei that fission at a time longer than

10 s, the limit of the blocking techniques for fission frag-

ment energies involved in this experiment, should be small. The

calculations also indicate that as the bombarding energy is raised,

to 110 - 115 MeV for the case of O + W, the fission distribution

should again show a decrease in the amount of the long-lived com-

ponent .

Experiments were carried out with a thin W crystal and the

<111> axis normal to the surface. Fission fragment blocking

patterns were observed along the <111> axis at angles of 130

and 170 to the beam direction. Incident energies of 86 MeV

and 115 MeV 1 6O and 80 MeV and 87 MeV 12C ions were used. Pre-

liminary analysis of the 115 MeV 1 6O + W and 80 MeV 2C + W

gives blocking patterns with low minimum yield values indicating

a small amount of long-lived component, in qualitative agreement

with the statistical model calculations mentioned above. Further

data analysis is in progress.

2.10 A Further Search for High Energy Deuterons from the He + He
Reaction

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

In an earlier experiment (PR-P-108: 2.2, AECL-5315)

we obtained an upper limit of 0.2 nb/MeV-sr* for the cross

section of the reaction He + He •+ a + d + e + + v. Two factors

prevented the lowering of this limit: i) the necessity of limit-

ing the maximum singles proton rate in the counter telescope to
4

less than 10 counts/s (in order to reduce pile up), ii) the

intrusion of di-proton events into one corner of the deuteron

*1 barn =100 fm2
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window set on the two dimensional mass 1 versus mass 2 plot

(ibid). As a result of these limitations it was decided to

repeat the experiment with the QD spectrometer since this

would remove all proton events from the region of the focal

plane detector and hence these limitations.

The gas cell (see PR-5-94: 2.9, AECL-4257), operp^ed at

a He pressure of 1 atmosphere, was bombarded with a beam of 15

MeV He ions from the MP tandem accelerator. Reaction products,

analyzed by the QD spectrometer were detected by a 70 cm long

section of the "rear" Charpak counter (PR-P-109: 2.21, AECL-5508).

The spectrometer was positioned at a lab angle of 20° near the

maximum in the He( He,a)2p cross section and was operated at a

solid angle of 11 msr. Data were recorded event by event by the

PDP 10 computer.

The experiment was done in a cycle consisting of:
7 3 8

i) a calibration run with the Li( He,d) Be reaction to check

that the Charpak counter system was operating correctly as

well as to monitor any drifts in the AE signal,

ii) a run with the spectrometer valve closed to measure the

background

iii) a run with integrated charge equal to ii) with the valve

oj.en to search from deuterons from the He + He -*• a + d

+ e + v reaction.

This cycle was repeated several times for each of two magnetic

field settings covering the deuteron energy range from 21 to 26.3

MeV, the latter being the maximum permissible energy.

The background was typically 0.0014 counts per yC of beam

on target corresponding to ^ 1 nb/MeV-sr. In all cases the

number of counts recorded with the valve open was not signifi-

cantly different from the number with the valve closed.

The cross sections in the four regions of excitation

covered by the two counters at the two magnetic field settings

are: 0.17 ± 0.22 nb/MeV-sr (Ed = 22.0 to 23.2 MeV), 0.25 ± 0.23

(Ed = 23.3 - 24.5), 0 ± 0.45 (Ed = 24.2 - 25.6), O^'gg (Ed =

25.7 - 26.8). The maximum deuteron energy that is kinematically

allowed is 26.27 MeV and occurs when the relative energy of the
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two protons is zero. The above results are consistent with a

50% probability that the cross section is less than 0.17 nb/MeV-sr

and an 85% probability that it is less than 0.4 nb"/MeV-sr, a result

that is consistent with our earlier measurement. This is at least

a factor of 10 below the value of 3.4 nb/MeV-sr published by

Slobodrian et al. (Phys. Rev. Lett. 3^ (1975) 19 and reaffirmed

in a more recent experiment (Bull, of the C.A.P. 3_2 (1976) BA2) .

2.11 Calculation of Gamma-ray Multiplicities

A.J. Ferguson

Gamma-ray multiplicities observed in the de-excitation

of high spin states excited by the (HI,xn) reactions generally

show a considerable spread about the mean value. For example,

for a mean multiplicity of 20, the standard deviation may be 10

as evaluated by the method of Hagemann et al. (Nucl. Phys. A245

(1975) 166). The mechanism of the de-excitation is assumed to

be a "statistical" cascade down to the yrast line involving

about 4 transitions followed by an yrast cascade. Hitherto it

has been assumed that the distribution of multiplicities results

solely from the distribution of the entry points in the excita-

tion region without any spread resulting from the gamma-ray cas-

cade itself. However, some variation in the multiplicity is

possible in either the statistical or the yrast cascades, parti-

cularly the former.

The distribution of multiplicity at a particular excit-

ation level may be related to the distributions at lower levels

if the de-excitation probability is known or can be assumed.

A Fortran program has been written on this basis to calculate

the multiplicity distribution for an entry point of arbitrary

energy and spin. The energy space must be divided into equal

intervals whose size is arbitrary as long as it is substantially

less than the average transition energy, in this case about 1

MeV. El and E2 transitions have been assumed with strengths
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having respectively 10~ and 30 Weisskopf single particle units.

Preliminary results indicate that the spread in multi-

plicity is less than 1, supporting the standard assumption that

no significant spread results from the gamma cascade. The aver-

age multiplicity is approximately 1/2 the initial spin for high

spin values, showing that in these cases 2 units of angular

momentum are removed by each transition and suggesting that

statistical cascades, removing very little angular momentum

proceding the yrast cascade do not occur.

2.12 Br: A Search for Self-delayed Proton Decay

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

In contrast to the many examples of alpha-particle
C "I Ttl

radioactivity, the decay of the high-spin isomer Co •+
52

Fe + p is the only known example of self-delayed proton

emission. According to the recent predictions of Liran and

Zeldes (Atomic Data and Nuclear Data Tables, 17̂  (1976) 431),

the ground states of all members of the series of nuclei char-

acterized by A = 4n + 1, T = -1/2 are unbound to proton emission
z

for A ^ 65. In part because of its predicted binding energy

(B = -0.55 MeV), 69Br produced in the 40Ca(32S,2np) reaction

was chosen as the object of the initial investigation. This

choice was influenced by an earlier study of the positron
32

activities induced by bombarding calcium with S in which

activities attributed to the decay of both Se and As were

observed (PR-P-108: 2.7 and subsequent analysis, AECL-5315).
69 +
Se is a weak source of 3 -delayed protons (0.06% of all decays)

69
and hence is a useful monitor. The identification of Br as a

direct proton emitter would be most useful in assessing the

possible role the positron decay of this nucleus might play as

a contaminant in the spectra attributed to As.
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A natural calcium target, 4 mg/cm thick, was bombarded
32

with a pulsed beam of S at 115 MeV- The resulting activities

recoiling out of the back of the target impinged on a carbon

foil 0.2 mg/cm thick with its surface inclined at 30 to the

beam direction. Silicon counters shielded from the target were

positioned to detect protons emitted normal to the catcher

foil and hence at an angle of 120° to the incident S ions.

The beam pulsing was initially chosen with a cycle time of 75 s

in order to establish the detection efficiency of the system for

the known & -delayed proton emitter Se (T, ,_ = 27.4 ± 0.2 s).
6969In the search for Br the best data were recorded with a cycle

time of 2.3 ms but values of 53 us and 0.8 us were also used.

In each case, although protons consistent with the decay of Se

were observed, no activity that could be attributed to the direct

decay of Br was observed. Assuming a value of the half-life

longer or comparable to the cycle time one can set a limit on

the cross section resulting in proton emission. The analysis

of these data is in progress but preliminary indications are that

the partial lifetime for proton decay of Br is probably not in

the range from 0.1 ]xs to 1 s.

2.13 The T = 1/2 Series of Beta-delayed Proton Precursors:

Kr and Zr

T. Faestermann, H. Schmeing (Neutron and Solid State Physics
Branch), J.C. Hardy, H.R. Andrews and K.P. Jackson

The data for the beta-delayed proton precursors Kr
Q I

and Zr, collected during the previous quarter (PR-P-111: 2.15,

AECL-5614) have been analyzed. The improved values for the

half-lives are T, ,, (73Kr) = 28.4 ± 0.7 s and T. -, (81Zr) = 5.9

± 0.6 s. In the gamma spectra coincident with protons we saw
+ + 72

the 2. •*• 0, transitions in the daughter nuclei (862 keV in Se
80

and 385 keV in Sr). The fraction of the total proton decay
feeding the 2+-state in the daughter is (18 ± 4 ) % for 73Kr and
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81
(24 ± 8 ) % for Zr. A preliminary analysis of the proton

spectra in coincidence with annihilation radiation (Phys. Lett.

63B (1976) 27) yielded values for Q - B (the total energyec p
available for electron capture decay and subsequent proton

emission) of 3.4 ± 0.4 MeV for 73Kr and 5.9 ± 0.6 MeV for 81Zr.

2.14 Kinematic Shift of Beta-delayed Protons

E.T.H. Clifford

The relative Fermi and Gamow-Teller strengths contri-

buting to an "allowed" beta-decay can be determined from the

coefficient, "a", of the beta-neutrino angular correlation

W(6) ^ 1 + a(v/c)cos9.

Because the nucleus recoils when emitting the leptons, a care-

ful measurement of the energy centroid of a subsequent proton

decay in coincidence with the betas from a beta-delayed proton

emitter can be used to determine the coefficient, "a" (J.C.

Hardy, "Nuclear Spectroscopy and Reactions, Part C", ed. J.

Cerny, Academic Press (1975) p.417).

An analytical expression describing the proton line-shape

and energy shift has been derived assuming an isotropic correla-

tion between the proton and the recoil direction. With this

expression the difference in proton energy shift for pure Fermi

and pure Gamow-Teller transitions is found to be ^ 4 keV for
25

the decay of Si. The effects of the beta-recoil-proton triple

angular correlation on the expression are being investigated.

The Mg( He,2n) reaction will be used to produce Si

in order to measure the coefficient "a", for beta decay to the
25various proton emitting states of Al. The Chalk River helium

25
;jet and skimmer system will be used to transport the Si from

the target area to a counting chamber.
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2.15 Progress on the QD Focal Plane Counter System

G.C. Ball, J.J. Hill and W.G. Davies

Preliminary testing of a 7 04 wire front counter module
241is being carried out with a collimated Am source. A further

modification to the amplifier boards, that slows down the sig-

nal from the transistor drivers, was found to be necessary in

order to reduce cross talk to an acceptable level. At present

the front counter modules can only be operated at voltages

adequate for highly ionizing particles. However, a new front

counter module is being conditioned with pure; CO- by a pro-

cedure developed in Munich that should allow us to operate at

higher counter voltages.

2.16 MP Tandem Operation

J.C.D. Milton, H.R. Andrews, Y. Imahori (NRX Operations Branch)

The rebuilt first tube of the MP tandem (PR-P-111: 2.25,

AECL-5614) was received from HVEC and installed early in the

quarter. However it was not until October 26 that experiments

were able to recommence. Subsequently the accelerator has oper-

ated above 13 MV for short periods but transmission problems existed.

In order to understand these better, a series of tests was carried

out with various beams from the UNIS source and with protons

from the Heinicke-Penning source (H-P). With the UNIS source

the best proton transmission was about 15%, the best heavy ion,

about 10%. These figures, obtained with foil strippers are

virtually independent of the cage, or pre-acceleration voltage,

whether the low energy aperture is in or out, or whether the

gas stripper canal is lifted out of position or not. The trans-

mission of protons from the H-P source was also about 15% with a

symmetric focu_ at the low energy aperture, but could be increased

to 'Vi 35% with some asymmetric defocussing. Efforts to understand

the reasons for the behavior of the transmission are continuing.

*High Voltage Engineering Corp.
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Considerable success was achieved with the UNIS source

which was used for the first time in its present form (PR-P-110:

2.18, AECL-5546). The source operated steadily for a week with

no problems during which time beams of Cu, Ni, Se, p, 0,
31 12

P, As, Fe and C were used. The extracted currents ranged

from 2600 nA of Cu" to 200 nA of As". An unsuccessful attempt

was made to obtain a usable Al beam.

During the quarter, 15 experiments were performed

involving CRNL and 7 visiting scientists. Non-CRNL scientists

collaborated on experiments occupying 70% of the time during

which their average participation was 37%.

The availability of the accelerator, Table 2.16.1

reflects the time required to re-install the number one tube,

the gas stripper lifter and remove the low energy electrostatic

doublet. The tank was open four times.

Table 2.16.1

hours

Beam Available 698.7

Scheduled Shutdown 766.1

Unscheduled Shutdown 551.2

2016.0 100.0%

2.17 Target Preparation

J.L. Gallant

The following targets were prepared for Nuclear Physics

experiments performed during the quarter; self-supporting targets

of 1 0B, 88Sr, 90Zr, 40Ca, 5 6Fe, 1 5 1Eu, 1 5 3Eu, 2 0 8Pb, arsenic,
14 7 7

aluminum, natural iron, gold, C on gold backings, Li as LiF
111 198

on carbon backings, Cd on silver backings. Targets of Hg,

Hg, natural mercury, Tl and a lead lutetium sandwich were

prepared for g-factor experiments. In addition 225 carbon foils
2

(2 pg/cm ) for the terminal stripper were mounted.
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Work done for other branches

Chromium and p-quaterphenyl were vacuum sublimed onto

a thick glass plate for use by Dr. M. Shubaly (Accelerator Physics

Branch) in the emittance measuring unit on the high current test

facility, Bldg. 610.
2

Uranium, (UF,) 100, 200, 500 pg/cm thick was evaporatedfc>
onto large 500 nm nickel foils. These sources will be used by

Dr. W. Knowles, Neutron and Solid States Physics Branch in nuclear

photo fission experiments.

Work done for universities

Thin O targets as Si O- were prepared for Dr. Hay

Boon Mak of Queen's University. These targjets will be used for

(p,a) cross-section measurements.

2.18 Threshold Shift Stabilization Monitor

R.L. Brown and R.E. Howard

A technique for compensating transit time variations

through the tandem beam transport system during fast pulsed

beam experiments was described in PR-P-104: 2.20, AECL-5032.

Now a circuit has been devised tiiat senses when the prompt

time peak has jumped outside the stabilization window (or

when the beam is no longer on target) and interrupts the taking

of experimental data until proper stabilization is restored.

The circuitry consists of two single channel analyzers (SCA)

one of which sees the entire time spectrum, while the other is set

to a narrow window around the prompt peak. Each SCA feeds a rate-

meter whose output is connected to a special dual amplifier and

comparator circuit. This unit routes start or stop pulses to

the data control console according to the proportion of the total

spectrum in the peak window.

Many fast pulsed beam experiments are not recorded on

magnetic tape, event by event because of the high data rates.
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For this reason the time stability of the measurements is of

particular importance. The dynamic monitor circuit described

above is a valuable safeguard for the threshold shift stabiliz-

ation technique.

2.19 MP Tandem Electronics

J.P.D. O'Dacre

A prototype log current amplifier has been bench tested

over the current range 1 nanoampere to 100 microamperes. It is

intended to supersede the slit amplifiers now used to stabilize

the accelerator. Comparisons between the new and the old cir-

cuits show the following improvements (old values in parentheses):

frequency response at the nanoampere level 3000 Hz (10 Hz), con-

formity to the log curves £ 1% (10%), variation between circuits

1% (20% or greater). The increased speed will allow correction

for pelletron ripple in the 5C0 Hz range by the stripper modulator

in the terminal of the accelerator. For the first time since

the introduction of the pelletron chains a further significant

reduction in beam ripple seems plausible.

A circuit using the development described above that

would permit measuring the beam position and intensity at the

stripper location in the terminal and feeding the information

out over optical fibre light guides in real time has been bench

tested. The production model is now under construction.

32
2.20 Emittance Measurements of S Beams from the MP Tandem

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

32
The emittance values of 55 MeV and 80 MeV S beams

from the MP tandem have been remeasured and are compared in
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Table 2.20.1 to the values obtained previously under similar

conditions. The values*have almost doubled; the reasons

are unknown, but several changes have been made to the acceler-

ator between the two measurements. Measurements of the emit-
2 2

tance of the beam after traversing a 10 jjg/cm or 20 yg/cm foil

were also made. The results for the multiple scattering angle

were not reproducible and it is suspected that the measured mul-

tiple scattering angle depends on the irradiation history of the

foil. Further measurements are planned to investigate this sug-

gestion.

Table 2.20.1

32
S Beam Emittance Values Obtained for 90% Beam Intensity

Energy z^ e y
( M e V ) (mm.mrad.MeV3*) (mm-mrad-MeV^)

Previous* Present Previous* Present
55

80

15

15

28

29

14

20

38

35

*PR-P-109: 2.29, AECL-5508.

2.21 Gamma-ray Background Levels in the Tandem Target Rooms

R.L. Brown and L.V. Smith

To assist in planning the laboratory layout for the

CRNL Tandem-Cyclotron project, a survey was made of the gamma-

ray background in the tandem target rooms. Measurements were

made at ten locations using an unshielded Ge(Li) detector (20%

relative efficiency). The following table summarizes the data:
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Table 2.21.1

Peak areas for a one-hour count

No.

1

2

3

4

5

6

7

8

9

10

TR1

TRl

TR.l

TR2

TR2

TR2

TR2

TR3

TR3

TR4

Target Room
& Location

NE wall

SE wall

near W corner

mid point on
NE wall

mid room near
door to TRl

T9 target
position near
SW wall

NW end

N corner

Mid room

Mid room

4 0K
Y1461

675

438

283

7945

5950

3526

4333

4350

6228

443

Y238

293

269

95

2212

2016

936

952

1248

1749

247

2 3 2Th
Y2615

85

56

26

628

487

289

368

296

537

49

2 2 6Ra
Y609 yl

173

175

123

631

602

297

396

418

543

173

60-,

L173 (1332)

196

586

—

-

—

73

—

-

(78)

-

In general Target Rooms 1 and 4 have a much lower

gamma-ray background than Target Rooms 2 and 3. Target Room

4 is the original shielded "gamma-cave". In the initial con^

struction of Target Room 1 selected materials were used to

ensure a low background experimental area and the survey con-

firms the success of this approach.

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

R.L. Graham and R.B. Walker

The PDP 11/34 computer (cf. PR-P-111: 2.26, AECL-5614)

was delivered in late November and is being installed in the
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northwest corner of the MP tandem control room. It is complete

except for the CA11-C CAMAC interface, which is being manufactured

by the DEC special products group in Munich, Germany; delivery of

the interface is expected early in 1977.

Most of the CAMAC components for the first phase of the

computer-control development have now been selected. An order

has been placed for the colour TV monitor, the electronic touch

panel and associated modules to be placed in the first bay of the

new control console and several components are now on site. A

single bay frame has been ordered. Following a trip to the VICKSI

project at the Hahn-Meitner Institute in Berlin specifications

for the next set of CAMAC modules have been settled and these are

now out on quote.

2.23 Radiation Shielding for the Superconducting Heavy Ion Cyclotron

G.C. Ball and G.R. Edwards (R.&I.S. Branch)

Since the roof of the MP tandem accelerator building has

only 46 cm of concrete at the low energy end, neutron skyshine

could be a problem when the tandem is turned around for injection

into the superconducting heavy ion cyclotron. Estimates of

neutron skyshine predict that 46 cm of concrete should be adequate

to reduce skyshine radiation levels below tolerance (2.5 mrem/h).

Measurements designed to verify these predictions have been car-

ried out with a 2-4 pamp beam of 22 MeV protons stopping in a

cooled tantalum Faraday cup located in target room 3 where the

existing roof is 30 cm of ilmenite (i.e. approximately equivalent

to 46 cm of concrete)• The neutron field measured on the roof

of target room 3 was found to be ^ 15 mrem/h while the skyshine

radiation fields measured at ground level for distances of 6 m

to 60 m beyond target room 3 were all well below 1 mrem/h. From

these results it can be concluded that when the tandem is turned

around, the shielding provided by the existing roof will be ade-

quate to reduce nevtron skyshine to a safe level.
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2.24 A Calculation of Gas Stripper Straggling for the Superconducting
Heavy Ion Cyclotron

W.G. Davies, G.C. Ball and A.R. Rutledge

Energy straggling arising in the terminal stripper of

the MP tandem introduces noise into the beam burst that may

influence the design and operation of the beam buncher for the

superconducting cyclotron. Realistic estimates of the straggling

based on measured charge changing cross sections have been made

with a program written by K.B. Winterbon (PR-P-112: 4.4, AECL-

5696) which calculates the charge state distribution, mean energy

loss and straggling as a function of the stripper thickness.

The results of these calculations are given in Table 2.24.1 for

representative ion beams. The stripper thicknesses were chosen

to optimize the yield of the given charge state. Although the

optimum stripper thickness will vary depending on the type of

stripper gas assumed, the straggling and mean energy loss should

be nearly constant. From a comparison of the energy straggling

and the buncher energy spread it can be seen that for ions

heavier than bromine the straggling can be neglected. However

for light ions the straggling is a significant fraction of the

coherent energy spread of the buncher and will require a change

in the mode of operation of the buncher system (see PR-P-112: 2.25,

AECL-5696).

2.25 Progress on the Beam Transport System for the Superconducting
Cyclotron

W.G. Davies and A.R. Rutledge

Optimization of the first order design for the injection

line into the superconducting cyclotron is nearly complete for

the ion species and energies for which final cyclotron magnetic

fields have been calculated. The results to date are shown in

Table 2.25.1 with the design values for comparison.



Table 2. 241

Terminal
Voltage

(MV)

Gas
Thickness Charge Mean Straggling Buncher

State Energy FWHM Width
2 Fraction Loss
a ) (%) (keV) (kev) (keV)

1 6 O 3 + 7 N, 0.35 22 0.7 1.0

7 9 B r 6 + 12.6 Ar 0.80 17 9.7 9 . 0 45

1 2 7 I 4 + 4.5 0.35 14 2.4 2.9 18

i

1 2 V + 13.0 0.7 10.4 10.1 120
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12
At present only 50 MeV/A C is too far outside the

cyclotron acceptance requirements to constitute an acceptable

solution. The results shown in Table 2.25.1 do not include

the effects of straggling in the stripper gas. Considerable

effort has been put into estimating the magnitude of straggling

(see PR-P-112: 2.24, AECL-5696) and finding ways of overcoming

these effects.

Straggling adds an incoherent velocity spread to the

beam burst which reduces the correlation between the position

of a particle in the beam burst and its momentum, as well as

increasing the longitudinal phase space of the beam. After

some drift distance the correlation will again be nearly perfect

but the beam burst will now be longer than it would have been

without the addition of the noise. In order to minimize both

the drift length and the length of the beam burst one should

operate the bunching system such that the burst is as short as

possible at the point where the straggling is introduced. With

such a procedure it should be possible to rebunch all beams with-

out changing the present design of the bunching system or of the

injection line optics. Detailed calculations of the effects of

the stripper straggling are in progress.

The feasibility of using a chopper to clean up the tails

of the burst and to provide phase control for the buncher has

been investigated. The chopper introduces two velocity compon-

ents into the beam: 1) a coherent component proportional to

the phase of the particle, and 2) an incoherent component propor-

tional to the transverse phase space of the beam. The incoherent

component is of the order of 3 to 10 times the coherent velocity

component introduced by the high energy buncher. At present it

would appear that a chopper is not feasible.

Acceptable solutions for both the cyclotron extraction
238

and by-pass lines have been found for U with a rigidity of

950 MeV/c. No problems are anticipated in scaling to different

ion species or magnetic rigidities.
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Table 2.25.1

Ion

opt

U

U

Ta

Ta

I

I

Br

Br

Cl

C

C

E (MeV/A)

—

10

3

12

3

15

3

20

3

33

50

15

(mm)

1.0

0.90

0.92

0.81

1.01

0.92

0.87

0.87

0.65

0.83

1.13

0.91

e
(mrad)

<4.0

3.40

4.40

3.38

4.45

3.21

4.12

3.13

4.24

3.66

5.01

3.54

y
(mm)

4.0

1.9

2.0

1.9

2.23

1.9

2.02

1.99

1.87

1.48

1.17

3.86

<t>
(n>rad)

< 3.0

2.51

2.52

2.52

2.51

2.51

2.51

2.50

2.74

2.50

2.51

2.51

(mm)

1.16

0.95

0.90

O.7ji

1.06

0.88

1.02

1.16

1.97

1.92

1.26

*op
(mm)

1.05

0.77

0.98

0.66

1.00

0.69

0.96

0.77

2.20

2.23

1.26

tEmittance of 5.7n mm-mrad-MeV 2 assumed for both x and y planes.
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Monte Carlo Calculation of Neutron Production in Spallation
Targets

J-C.D. Milton

The old version of the Monte Carlo program, called MC74

(PR-P-106: 2.21, AECL-5226) is being considerably generalized.

MC74 could handle arrays of hexagonally closed packed cylinders

consisting of from one to 61 cylinders. The beam could impinge

only on the central cylinder, which could ba indented, but all

cylinders had to be otherwise co-terminus. Only one set of

cross sections was allowed, usually that for a single isotope.

The new version, called MC76, will be able to do all

of the above and in addition cope with the following situations:

1. the individual cylinders may be "loose packed" i.e. they

may be sheathed but the sheaths are considered to be voids.

2. the target may consist of up to five concentric, cylindrical

zones each of which may have different cross-section sets.

The geometry of the zones may be reasonably general sub-

ject to the following restrictions:

i) The first zone must exist and must be the central primary

target.

ii) The second zone may be a blanket, which can surround the

target on two or three sides (from the point of view of

an axial section), or a secondary target which immediately

follows the primary, or a combination of the two. This zone

may consist of hexagonal close, or loose, packed cylinders,

iii) The third zone may be an input zone, or port, of the same

diameter as, and coaxial with, the primary target. This

zone would normally be a vacuum, or low density gas.,

iv) The output zone, if it exists, has the same restrictions

as the input zone but would normally consist of the same

material as the "bath".

v) Finally, there may be a cylindrical "bath" of finite length

surrounding all the other zones.

The "geometry package51 described above has been coded

and is being debugged. Some parts of the program have been

speeded up. Provision has been made for locating and reading

in all the cross sections and tables required for the most
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general case above, but space has not yet been allocated in

the program, and as yet only three cross-section sets have been
209 232 238

compiled: Bi, Th and U. Provision of a new set is non-

trivial because the program derives its very considerable speed

advantage over similar programs used elsewhere by making exten-

sive use of tables that have been empirically adjusted to give

the "right" thin target averages for the number, energies and

angular distribution of the secondaries and the total number

of neutrons. The programs for performing the necessary adjust-

ments were written for the Bendix G20, a computer that no longer

exists at CRNL.

2.27 Participation in IAEA and BIPM Calibration Comparisons

J.S. Merritt and F.H. Gibson

We have participated in the International Atomic Energy

Agency's (IAEA) "Intercomparison Service of Calibrated Radio-

nuclide Solutions" and a similar program of the Bureau Inter-

national des Poids et Mesures (BIPM), "International Reference

System for Measuring Activity of Gamma-ray Emitting Nuclides".

From a master solution of Sc for which the activity had been

determined at CRNL by the 4ir3-y coincidence method (PR-P-111:

2.30, AECL-5614), suitable samples to meet the requirements of

the IAEA and BIPM were prepared, checked in our 4iTy ion chamber,

and dispatched. At the IAEA this Sc was compared with radium

reference sources in a 47ry ion chamber, whereby it was related

to the activity values that had been reported by other laboratories

for their standardized Sc solutions. This CRNL standard was

the fourth Sc standard to be intercompared by the IAEA and all

four are consistent to % 0.2% indicating no discrepancy.

No results are available from the BIPM because their pro-

gram began only recently and CRNL's was the first Sc standard

submitted, but we have been informed by the BIPM that measure-
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merits of our Sc samples versus radium reference sources

have been made. When the BIPM receives a Sc standard from

another laboratory, similar measurements versus the same radium

sources will be made by the BIPM, and we shall be informed about

the relative results.

We look forward to further participation in both these

programs as a worthwhile method of measurement assurance.

2.28 The Half-life of 46Sc

J.S. Merritt and F.H. Gibson

The decay of samples of Sc versus that of a radium

reference has been followed in our 4iry ionization chamber for

approximately 1.5 half-lives to date. The Sc was chemically

purified by elution from a cation exchange column with HCl. No

impurities were detectable by Ge(Li) spectrometry. The prelimin-

ary half-life value is 83.75 days with a standard deviation of

± 0.03 day, in good agreement with the value of 83.80 ± 0.03 d

recommended by M.J. Martin (ORNL-5114, 1976). We plan to con-

tinue measuring these Sc samples.

133
2.29 Support for the 10.5-year Value for the Ba Half-life

J.S. Merritt and F.H. Gibson

Of the two readily available sources of information

about nuclear decay data, one ("Table of Isotopes", 1967 edi-

tion by Lederer et al.) recommends 7.2 years for the Ba

half-life, whereas the other (Nuclear Data Sheets) recommends

10.5 years, in agreement with the recent report of M.J. Martin

(ORNL-5114) using the same Evaluated Nuclear Structure Data File

of the Nuclear Data Project. This confused situation is not

lessened by examining the three most precise recent measurements:
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F. Lagoutine et al. Int. J. Appl. Radiat. 7.8 ±0.1 years
and Isotopes 1B_ (1968) 475

K.F. Walz and H.M. Weiss, Zeit. Naturf. 10.35 ± 0.04 years
25a (1970) 921

S.A. Raynolds et al. Nucl. Sci. Eng. 10.66 + 0.12 years
32̂  (1968) 46

An ampoule containing chemically purified . Ba was

measured in our 4iry ion chamber in 1974 and again recently. The

data support the longer half-life value and give 10.67 + 0.15

years, where only the statistical error (3a) is included in the

uncertainty and sources of systematic error have not been assessed.

2.30 Results of International Comparisons of Co, Ce and High
Count-rate Sources

J.S. Merritt, F.H. Gibson and J.G.V. Taylor

We have received preliminary reports about these com-

parisons in which CRNL participated (PR-P-110: 2.22 and 2.24,

AECL-5546). Although agreement among laboratories is good,

there are small discrepancies which, if explained, would improve

the state-of-the-art.

Six laboratories analyzed a high specific activity solu-

tion of Co containing small impurities of Co and Co. The

difference between the lowest and highest result (CRNL's) was

0.55%. The statistical error for most was _< 0.1%. The reported

systematic uncertainties were substantially larger and cover the

range of the results. However, since all laboratories used the

4ir6-y coincidence method it is likely that their systematic un-

certainties were caused similarly, and therefore reasons for this

0.5% spread will be investigated before the final report of the
57

Co comparison is issued by the National Physical Laboratory

(NPL). Another pure Co solution of low specific activity was

analyzed by four of the laboratories but both statistical and

systematic uncertainties were too large to allow worthwhile con-

clusions.
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139As a preliminary report for the Ce comparison the

BIPM has tabulated the final results from twenty laboratories

together with some of their counting parameters. Fifteen of

the twenty results gave small errors and differed by < 0-3%

from their mean value; only one laboratory gave a result different

by more than its overall error- For the same group of six labora-

tories which participated in the Co comparison, the range of
139

-esults was 0.35%, indicating better agreement for Ce; CRNL's

value was close to ihe average.

The preliminary report for the high count-rate sources

of Co was written before any CRNL results were submitted

(PR-P-109: 2.32, AECL-5508), but we have been informed by NPL,

the organizer of this comparison, that for the first two sets

of sources the CRNL results at £ 130 kBq are about 0.3% higher

than expected; the expected values were deduced from ion chamber

measurements made at NPL. Sources of % 80 kBq agree well with

their expected values. This is consistent with tests done in

this laboratory in preparation for this comparison (PR-P-108:

2.28, AECL-5315 and PR-P-107: 2.21, AECL-5256). To date results

for four sets of sources have been submitted to NPL, but no in-

formation has been received about the results for the last two

sets.

2.31 Standards Issued

J.S. Merritt and F.H. Gibson

Cr Medical Research

Co Medical Research

Co Radiation and Industrial Safety
*60

Co Reactor Control
Co Solid State Science

* 13 3
Ba Reactor Control

134
Cs Medical Research

1 3 7Cs Medical Research
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Cs Radiation and Industrial Safety
*137

Cs Reactor Control
241

Am Radiation and Industrial Safety
241

Am Solid State Science

*Exact quantities of standardized solutions of these radio-

nuclides were delivered to a pipe especially prepared by the

Reactor Control Branch to be used in a simulation of the

conditions encountered in the assay of miscellaneous fission

product activities in a power reactor.

2.32 Miscellaneous Services

J.S. Merritt and F.H. Gibson

Four counter windows were made for the Nuclear Physics

Branch by laminating thin VYNS films.

2.33 The H(n,yy)D Experiment at NRU

E.D. Earle (Neutron and Solid State Physics Branch) and
A.B. McDonald

See PR-P-112: 3.13

2.34 Thick Target Neutron Yields and Spectral Distributions from

the Li( ,n) and Be( ,n) Reactions
p p

M.A. Lone (Neutron and Solid State Physics Branch) with
C.B. Bigham, J.S. Praser ana H.P. Schneider (Accelerator
Physics Branch) and T.K. Alexander, A.J. Ferguson and
A.B. McDonald

See PR-P-112: 3. 14
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2.35 The Absolute Efficiency of the Multiwire Fission Counter

S.T. Lim and R.N. King (Neutron and Solid State Physics
Branch), J.L. Gallant, and B. Pich (University of Toronto)

See PR-P-112: 3.16

2.36 Travelling Heater Method

M.N. Wightman with H. Schmeing, W.F. Slater and R.J. Toone
(Neutron and Solid State Physics Branch)

See PR-P-112: 3.22

2.37 CdTe Alpha Spectrometers

H. Schmeing (Neutron and Solid State Physics Branch) and
M.N. Wightman

See PR-P-112: 3.25

2.38 Trace Impurities in CdTe (h)

H. Schmeing and J.G.V. Taylor (Neutron and Solid State Physics
Branch) and M.N. Wightman

See PR-P-112: 3.26

2.39 Testing CdTe Detectors

H. Schmeing, M.N.L. Racicot, W.F. Slater, R.J. Toone,
W.J. Woytowich (Neutron and Solid State Physics Branch)
and M.N. Wightman

See PR-P-112: 3. 24
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2.40 Publications and Lectures

a) Publications

A COMPARISON OF ALPHA TRANSFER AND ALPHA DECAY IN THE LEAD REGION
W.G. Davies, R.M. DeVries, G.C. Ball, J.S. Forster, W. McLatchie,
D. Shapiro, J. Toke and R.E. Warner
Nucl. Phys. A269 (1976) 477.

THREE BODY FINAL STATES OF THE 3He + 7Li REACTION AND CLUSTERING
IN 7Li
R.E. Warner, G.C. Ball, W.G. Davies, A.J. Ferguson and
J.S. Forster
Nucl. Phys. A269 (1976) 286.

UPPER LIMIT FOR THE H(n,yY)D CROSS SECTION
E.D. Earle, A.B. McDonald and M.A. Lone
Phys. Rev. Cl^ (1976) 1298.

ISOMERIC YRAST STATES IN
O. Hausser, J.R. Beene, T.K. Alexander, A.B. McDonald
and T. Faestermann
Phys. Lett. 64B (1976) 273.

FROM PEAKS TO CONTINUA: THE STUDY OF DELAYED PROTON DECAY
AMONG LIGHT NUCLEI (A < 100)
J.C. Hardy
Proceedings of International Conference on Nuclei Far from
Stability at Cargese, Corsica, France 19-26 May 1976 (CERN
76-13, 1976) p. 267.

SOME MASS MEASUREMENT PROBLEMS
Janet S. Merritt
Proceedings of the Third Annual Conference of the Nuclear
Target Development Society, Chalk River, Ontario, October 1974.

SUB-COULOMB FISSION INDUCED BY Xe AND Kr IONS
P. Colombani, P.A. Butler, I.Y. Lee, D. Cline, R.M. Diamond,
F.S. Stephens and D. Ward
Phys. Lett. 65B (1976) 89.

APPLICATION OF THE DIRECT-SEMIDIRECT MODEL TO THE INTERPRETATION
OF El AND E2 STRENGTH IN 14C(ppol,Y0)

15N
K.A. Snover, J.E. Bussoletti, K. Ebisawa, T.A. Trainor and
A.B. McDonald
Errata Pnys. Rev. Lett. 3_7 (1976) 1651.
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b) Lectures

A SEARCH FOR HIGH ENERGY DEUTERONS IN THE 3He + 3He •+ a + d
+ e + + v REACTION
W.G. Davies, G.C. Ball, A.J. Ferguson, J.S. Forster and
R.E. Warner
APS Meeting in East Lansing, Michigan, 28-30 October 1976.

STUDY OF THE LOWEST T = 2 LEVEL OF 24Mg AS AN ISOSPIN FORBIDDEN
RESONANCE
A.B. McDonald, E.D. Earle, H.B. Mak, W. McLatchie, D. Martin
and P.G- Ikossi
APS Meeting in East Lansing, Michigan 28-30 October 1976.

NUCLEAR MAGNETIC MOMENTS AND LIMITATIONS OF THE SHELL MODEL
O. Hausser
at Michigan State University, 2 December 1976.

PULSED HEAVY ION BEAMS AND THEIR APPLICATION TO THE MEASUREMENT
OF NUCLEAR MOMENT
O. Hausser
at the University of Toronto, 14 December.
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NEUTRON AND SOLID STATE PHYSICS BRANCH

A,D.B. Woods

3.1 Staff

3.2 Width Oscillations in Liquid 4He, 3He and 4He-3He Mixtures

3.3 Orientational Structure of Plastic SFg

3.4 Domain Structure in Antiferroelectric SrTiO,

3.5 Acoustic Phonons in GaS

3.6 Phonon Dispersion in fee Co~ q2^eo 08

3.7 Coherent Inelastic Neutron Scattering from Cytosine
Monohydrate

3.8 Ultraviolet Photodamage Studies in Organic Solids

3.9 Growth of Single Crystals of DNA Constituents

3.10 Small Angle Neutron Scattering Technique for Studying
Small Particles and Defects

3.11 Inelastic Scattering of Polarized Neutrons by Ferromagnetic
Pd3Fe

3.12 The Temperature Dependence of Positron Annihilation in Iron

3.13 The H(n,YY)D Experiment at NRU

3.14 Thick Target Neutron Yields and Spectral Distributions
from the 7Li(^,n) and Be(°,n) Reactions

3.15 N4 Thermal Neutron Facility

3.16 The Efficiency of the Multiwire Fission Counter

3.17 The Relocation of the Bremsstrahlung Monochromator

3.18 Reactor Beam Hole Use

3.19 Supply and Servicing of Semiconductor Detector Systems

3.20 Progress in the CdTe Program
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3.1 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

BRANCH HEAD: A.D.B. Woods

SOLID STATE PHYSICS TECHNICAL STAFF

R.S. Campbell
H.F. Nieraan
M.M. Potter
D.C. Tennant

SECTION II

J.W. Knowles
E.D. Earle
S.T. Lim (1)
M.A. Lone

NEUTRON NUCLEAR PHYSICS

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

SECTION III

J.G.V. Taylor
H. Schmeing

COUNTER DEVELOPMENT

M.A. Gulick
Ms. M.M.L. Racicot
W.F. Slater
R.J. Toone
W.J. Woytowich (3)

GLASSBLOWING

J.G. Wesanko

WORKSHOPS

R.R. MacLanders
H.C. Spenceley

A.H. Hewitt

DESIGN

W. McAlpin
K. Tait (2)

SECRETARIAL STAFF

Mrs. Dianne Mitchell

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

(2) Seconded from Design Engineering.
(3) Terminated December 30, 1976.



- 50 -

3.2 Width Oscillations in Liquid 4He, 5He and 4He-^He Mixtures

B.C. Svensson

The marked oscillations in the energy widths, w(O),

of S(Q,to) for liquid He at large wave vectors, Q > 20 nm ,

observed by Cowley and Woods (Phys. Rev. Lett. 2_1_ (1968) 787,

AECL-2734) have not yet been satisfactorily explained. Re-

cently, Martel et al. (J. Low Temp. Phys. 1Z_ (1976) 285,

AECL-5341) pointed out that the quantum oscillations in Qa(0),

where a(Q) is the total atomic scattering cross section for

He- He, had almost exactly the same period and phase as the

oscillations in u)(Q). They also proposed a simple model which

gave a good description of the experimental w(Q) if one used

an average kinetic energy per atom which was only about 1/3

of the commonly accepted value. This inconsistency remains

unresolved. Calculations carried out using experimental

atomic beam scattering results for He- He (Feltgen et al.,

Phys. Rev. Lett. 30_ (1973) 820) and 3He-3He (Feltgen et al.,

MPI fur Stromungsforschung, Rericht 135/1973 (1973)) h./e

revealed that the oscillations in o(Q) for He- He (identical

Fermi particles) are almost exactly out of phase with those

in cr(Q) for He- He (identical Rose particles). These calcu-

lations thus indicate that the oscillations in a>(Q) for

liquid He should be almost exactly out of phase with those

in w(Q) for liquid He with the differences most marked in

the region 25 < Q < 55 nm where cr(Q) for He- He goes from

a minimum to a maximum to a minimum and a(Q) for He- He

exhibits the opposite behavior. Experimental confirmation

of this behavior by means of neutron scattering from liquid

He would give direct confirmation of the hypothesis that the

oscillations in co(Q) arise from the oscillation in cr(Q).

Such measurements are very difficult because of the large

absorption cross section, but recent studies on liquid He

for Q < 25 nm indicate that they are feasible, and it is
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planned to carry out a high-Q study at the high-flux reactor

of the Institut Laue-Langevin in Grenoble in 1977.

Since the oscillations in CT(Q) for He-He and

He- He are almost exactly out of phase, and since cr(O) for

He- He (distinguishable particles) exhibits no oscillations,

one should be able to choose a mixture for which those oscil-

lations in u)(0) which arise from a(0) are virtually eliminated.

Measurements on such a mixture would thus give direct infor-

mation on the effects on u>(Q) of any weaker processes that

cause deviations from the linear dependence of w(Q) on Q

expected from the impulse approximation, and experiments to

study mixtures are also planned.

3.3 Orientational Structure of Plastic SF6

B.M. Powell and G. Dolling with W-D. Teuchert (Institut

Laue-Langevin)

In a plastic crystal, the molecules undergo large

amplitude librational motions about their centres of mass

superposed on relatively small amplitude translational dis-

placements of their centres of mass. If we assume that the

molecules are rigid, and that the above-mentioned two types

of motion are uncorrelated, then the intensities I (($) of

Bragg reflections a$/27r = (h,k,£), observed in neutron dif-

fraction experiments can be analysed in terms of products of

spherical Bessel functions jT(|<$|,r ) with symmetry-adapted
* th

spherical harmonics K,(Q), where r is the radius of the s
"shell" of atoms within one molecule:

L,s

JLCQ,rs) KLf?5) exp(-Q
2u2)

The C. are coefficients which include the total scattering

length associated with each shell s, and u is the mean
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square translational displacement of the rigid molecule

Cwe assume only 1 molecule per unit cell, as is appropriate

for SF 6).

For the 0, symmetry of plastic SF,, the only allowed

L values are 0,4,6,8 ... . Values higher than 8 are not sig-

nificant in the present case since our measurements on SF,
2 2 2

were restricted to h +k + I values less than 40, where

j,Q, j 1 2 •••
 a r e essentially zero. We have measured, with

the N5 spectrometer, the intensities of the first 20 diffrac-

tion peaks from a specially prepared powder sample of SF, held

at 100 K and at 110 K in a cryostat which could be continu-

ously rotated during the measurements. Analysis of these data

in terms of spherical harmonics showed that the L = 4 term is

very important, about 60% of the L = 0 term, and that L = 6 is

smaller but significantly different from zero. The L = 8 term

was not well determined, and more precise experiments are

planned to try to improve upon this result. The coefficients

were not significantly temperature-dependent, so that we are

unable to correlate the large amplitude librational motions

of the various allowed symmetries with the plastic-to-normal

phase transition near 95 K.

Domain Structure in Antiferroelectric SrTiO^

W.J.L. Buyers, G. Dolling and B.M. Powell

Below the paraelectric to antiferroelectric phase

transition single crystal SrTiO, is expected to form a domain

structure, consisting of three randomly populated domain

directions, x,y,z, corresponding to the three possible r25

rotations of the TiO, octahedra that generate the tetragonal

antiferroelectric phase. In an effort to observe the domains,

neutron elastic scattering experiments were carried out with

the L3 spectrometer over the temperature range 77 < T < 100 K
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1 3 1
(a) around the (7 •*• -j) antiferroelectric satellite,

fb) around the CO 0 1) Bragg reflection where the symmetry

is ferroelectric, and (c) around the (0 0 0) forward direc-

tion where small angle scattering from domain-induced phase

differences is possible. The experiments were made at high

resolution (neutron energy 5 meV), and with 0.3° collimation

throughout. The collimation between reactor and monochromator

was provided by a lucite Soller-slit collimator designed to

fit in the rotatable gate of the spectrometer yoke. Because

the resolution was higher than used previously the limita-

tions imposed by the finite mosaic of the SrTiO, crystal

became obvious. Only radial scans were therefore possible

in experiments (a) and (b) and these revealed no temperature-

dependent scattering that could definitely be attributed to

domains, although critical scattering was observed. Scans

in the forward direction were carried out by conventional

means down to 1° scattering angle and down to 0.3° with a

parallel double-crystal arrangement involving two low-

mosaic-spread, 0.05° and 0.09°, Si CHI) crystals as mono-

chromator and analyser respectively. The latter arrangement

gave a lower background for small-angle scattering experi-

ments, but no evidence of temperature-dependent domain scat-

tering was obtained. The results suggest that the domains

in SrTiO, are too large in extent to be seen with neutrons

unlike the case of lead germanate, a ferroelectric in which

short-range domains have recently been observed.

3.5 Acoustic Phonons in CaS

B.M. Powell with J.L. Brebner (Universite de Montreal)

and S. Jandl OJniversite" de Sherbrooke)

Analysis of the phonon dispersion curves reported

previously (PR-P-111:3.7, AECL-5614) has been completed.
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The "interlayer" mode dispersion curves along A were analysed

to determine interlayer force constants. Their values are

found to be very similar to those of GaSe. The acoustic B,

branches along both the 1 and T directions were shown to have

a weak quadratic dependence on wave-vector, a characteristic

of two-dimensional behaviour. A simple axially-symmetric

interatomic force model, including the five shortest bonds in

the crystal, was fitted to the phonon frequencies. This

model gives a reasonable fit to the results, but a more com-

plex force system is evidently required for more precise

agreement. The interlayer force (S-S bond) is ~80 times

weaker than the strongest intralayer force (fia-Ga bond). The

frequency distribution function has been calculated, together

with the temperature dependence of the lattice specific heat,

and the corresponding Debye temperature. In the temperature

range 23 K to 40 K the calculated specific heat is very

nearly proportional to T , in contrast to the T" dependence

characteristic of normal three-dimensional solids.

3.6 Phonon Dispersion in fee Con q̂ If-fl 08

E.C. Svensscn, B.M. Powell and A.D.R. Woods with W-D. Teuchert

(Institut Laue-Langevin)

The study (PR-P-90:4.5, AECL-3996 and PR-P-93:3.3,

AECL-4205) of phonons in fee Cofl Q2
FeG 08 ^ a s ^ e e n continued

using the M5 triple-axis crystal spectrometer. Tn the earlier

studies, in which the constant-momentum-transfer (constant-?))

technique was used, reliable results could not be obtained

for frequencies v > 6 THz because the scattering at hi^h v is

dominated by the peaks in the density of states, gfv), seen

via the large incoherent scattering cross section. In the

present study, use of the constant-energy-transfer (constant-E)

technique, for which the g(v) scattering contributes only a
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flat or smoothly varying "background", has led to a much

more accurate determination of the dispersion curves for

v > 4 THz and allowed an extension to considerably higher

v values. So far we have determined the [£CO]L and T2

branches up to v = 7.25 THz and the [££c;]L branch up to

v = 8.0 THz ( >90? of the maximum frequency). An extension

of the [00^]L branch to high v is now in progress.

Constant-Q studies of the [£J;E;]L and [ccO]T?

zone-boundary modes, for which the constant-E technique

cannot be used, have also been carried out and definite

one-phonon scattering observed. The peaks are, however,

distorted by the incoherent scattering from the high fre-

quency g(v) peak. A "subtraction" of this scattering

appears to be feasible, but the necessary measurements

have not yet been completed. Further measurements at low

wave vectors and frequencies using high resolution are also

in progress.

3.7 Coherent Inelastic Neutron Scattering from Cytosine

Monohydrate

B.M. Powell and P. Martel with L.A. Vinhas (Instituto de

Energia At6mica, Sao Paulo, Brasil)

Coherent inelastic neutron scattering measurements

on hydrogenous cytosine monohydrate (CMH) have been carried

out on the L3 spectrometer. As reported in PR-P-111:3.3,

AECL-5614, these measurements should serve to help determine the

role played by water in determining the bonding energies of pyrimidine

bases in DNA. In previous work on 1-methylthymine (1-MT),

(Chem. Phys. Lett. 39̂  (1976) 339, AECL-5374) only two

acoustic branches of the dispersion relation were unambiguously

identified. In the present measurements three acoustic

branches have been observed (the L,T branches for modes
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propagating perpendicular to the molecular planes and the

transverse branch for modes propagating within the molecular

planes). Several more groups, possibly arising from phonons

of the optical branches, have been observed. Of particular

interest is the longitudinal mode which propagates perpen-

dicular to the planes of the pyrimidine bases. In 1-MT the

velocity of propagation of this mode was 2770 ±140 m/s,

while in CMH we find the value 2520 ±135 m/s. The acoustic

impedance calculated for this mode is the same, within ex-

perimental error, for both 1-MT and CMH.

3.8 Ultraviolet Photodamage Studies in Organic Solids

P. Martel and B.M. Powell

The UV irradiation experiments described in

PR-P-109:3.5, AECL-5508, have been continued and we have

made an extensive series of measurements with the C5 spec-

trometer of ultraviolet-induced structural changes in

nucleic acids. We have repeated measurements on uracil

and 1-methylthymine in order to obtain better diffraction

patterns, particularly at large angles. The structures of

1-methylthymine dimers produced by 254 nm UV light and by

sunlight have been compared. Some of the peak separations

and intensities are slightly different for the two kinds

of irradiation, but the overall similarity of the patterns

indicates that the nature of the induced damage is similar

for both. In contrast to 1-methylthymine, 1-methyluracil

showed no structural sensitivity to 254 nm light. Thymine

and cytosine crystals were found to be relatively undamaged

but monohydrates of these crystals showed significant

structural changes. Isocytosine was also found to readily

undergo UV-induced structural changes. Experiments were

also performed on acetylcholine bromide and acetylcholine

iodide. Although the latter are readily damaged by X-rays,
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and although the iodide was found to discolor considerably

under the influence of 254 nm light, no structural changes

were detected.

3.9 Growth of Single Crystals of DNA Constituents

P. Martel

Several single crystals of the substitutive

nucleoside 5-iodo-uridine have been grown. It is planned

to use these crystals in experiments designed to find out

whether or not the acoustic impedance and velocity of the

longitudinal mode perpendicular to the planes of pyrimidine

bases is independent of the presence of the sugar ring

normally attached to each pyrimidine in DNA. In order to

show that the same mode in purine bases could have similar

acoustic properties, an attempt was made to grow a crystal

of 8-azaguanine, but the low solubility of this -iaterial

precluded the growth of large crystals. However

9-methyladenine appears to be sufficiently soluble and

an attempt is being made to grow a single crystal of it.

It is hoped that the present program will yield a reasonable

estimate of the velocity of sound perpendicular to the base

plane stacking direction in DNA.

3.10 Small Angle Neutron Scattering Technique for Studying

Small Particles and Defects

W.J.L. Buyers, G. Dolling and B.M. Powell

To assess the potential of small angle scattering

as a diagnostic of disorder in materials in the range 1 nm

to 50 nm, we have made preliminary measurements on amorphous

carbon. The results are consi?tent with a distribution of

particle sizes from 4 nm to values in excess of 10 nm.
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The measurements were made with the L3 spectrometer,

using two near-perfect Si(111) crystals (mosaic spreads 0.05°

and 0.09°) in the parallel (focusing) geometry as monochrom-

ator and analyser. This configuration produced a width of

the incident beam rocking curve of only 0.15°, and permitted

measurements of the small angle scattering down to 0.4°,

corresponding to a wave-vector transfer of only P.I nm for

the 0.406 nm Be-filtered neutrons used in the experiment,

approximately two orders of magnitude smaller than the wave

vectors usually studied in conventional spin-wave and phonon

experiments. Even smaller wave vectors would be accessible

with the use of silicon crystals with smaller mosaic spreads.

3.11 Inelastic Scattering of Polarized Neutrons by Ferromagnetic

T.M. Holden with W.G. Stirling (Institut Laue-Langevin)

It has been known for several years that magnetic

inelastic scattering could be distinguished, in principle,

from lattice vibrational scattering through the use of

polarized neutron beams but it has only become feasible to

use the method experimentally with the advent of high flux

beam reactors. The magnetic scattering cross section can

be isolated by taking the difference between counts with the

neutron spin parallel and antiparallel to a magnetic field

aligned with the scattering vector. The corresponding term

in the neutron scattering cross section can be switched from

0 to 4. At the same time the nuclear scattering is indepen-

dent of neutron spin direction and is unchanged.

The experiment was performed with the D5 polarized -

neutron spectrometer, modified for use as a triple-axis

crystal spectrometer, at the Institut Laue-Langevin. The

frequency analysis of the scattered beam was performed
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with a non-polarizing Cu analyser and thus there was no

polarization analysis of the scattered beam. This set-up

avoids the severe loss of intensity encountered at a

polarizing analyser and ensures that the count rates are

large enough to do the experiments in a reasonable length

of time.

Measurements were made on ferromagnetic Pd_Fe

which has been previously studied CPR"p-104:3.6, AECL-5032

and PR-P-107:3.8, AECL-5256). The experiments showed that

the broad distributions of scattering observed in the [00^]

direction were indeed magnetic inelastic scattering, and a

much better signal to noise ratio was obtained than was

found previously with non-polarized neutrons (T.M. Holden,

J. Phys. F £ (1976) 433, AECL-5153). Experiments in a

wave-vector region where phonon and magnetic excitations

had comparable intensity gave complete separation of the

magnetic and nuclear scattering. The method shows promise

in the measurement of magnetic excitations in weak ferro-

magnets where the scattering may be distributed over a wide

frequency range and where phonon contributions would mask

the underlying magnetic scattering.

3.12 The Temperature Dependence of Positron Annihilation in Iron

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

The temperature dependence of the peak coincidence

rate (PCR) in iron has been measured in vacuum f~10~ Pa)

from 20°C to 1000°C with emphasis on the a-y phase transition

at 908°C. The temperature range was scanned five times at

40cC intervals below 800°C and 10°C intervals above 800°C.

About 85,000 peak counts were accumulated in a 5 minute

period in each scan.
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The PCR increased linearly with temperature

between 20°C and 700°C with a slope equal to the volume

expansion coefficient of iron. Above 70Q°C the PCR in-

creased exponentially indicating positron trapping at

vacancies in a-iron above 700cC. At the o-y phase trans-

formation temperature the PCR dropped by 2.0%. During

the course of a run, however, the average drop of the PCR

across the phase transformation temperature was reduced

from 2.61 for the first two scans to only 1.6% for the

last two scans. This is believed to be caused by surface

effects, and further studies will be made to elucidate

the behaviour.

3.13 The H(n,yy)D Experiment at NRU

E.D. Earle with A.B. McDonald (Nuclear Physics Branch)

An examination of the experimental limitations

in the Ge(Li) measurement of the H(n,yy) H cross section

(PR-P-109:3.13, AECL-5508) suggests that a factor of 10

to 20 reduction in the cross-section limit can be attained

by using Nal detectors. In preparation for such a

measurement at the C4 experimental hole Nal detectors have

been assembled, electronics units have been tested for

optimum time and energy resolution, presses have been

designed to make a LiD flight tube, various geometries

of target, detectors and shielding have been tested, and

a PDP-8 data acquisition system has been moved to NRU.

3.14 Thick Target Neutron Yields and Spectral Distributions

from the Li( ,n) and Be( ,n) Reactions

M.A. Lone with C.B. Bigham, J.S. Fraser, H.R. Schneider

(Accelerator Physics Branch) and T.K. Alexander,

A.J. Ferguson and A.B. McDonald (Nuclear Physics Branch)

The data (PR-P-102:3.19, AECL-4841) on neutron
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yields and the spectral distributions of neutrons produced
7 9

by bombarding thick Li and Be targets with protons and

deuterons of energies 23, 18 and 14.8 MeV were re-analysed.

The preliminary yields reported previously

(PR-P-105:3.13, AECL-5121) should be increased by 21? but

there is no significant change in the average neutron

energies reported.

3.15 N4 Thermal Neutron Facility

M.A. Lone and W.M. Inglis

Design and fabrication of the neutron beam tube,

the computer room and the liquid nitrogen cryostat for the

quartz and bismuth filters are in progress.

3.16 The Efficiency of the Multiwire Fission Counter

S.T. Lim and R.N. King with J.L. Gallant (Nuclear Physics

Branch), B. Pich and T.E. Drake (University of Toronto)

The efficiency of the multiwire counter, described

in PR-P-107:3.17, AECL-5256 and PR-P-109:3.11, AF.CL-5508,

for fission fragment detection depends on the thickness and

composition of the target as well as on the arrangement of

the electrodes in the counter gas. Calculation shows that

the efficiency varies linearly with target thickness and at

zero thickness is independent of target composition. Thus

accurate comparison of the counting rates from targets made

from different materials requires extrapolation to zero

thickness. In order to measure the counter efficiency as

a function of target thickness we prepared by vacuum evapor-

ation targets of UF. powder ranging from 87 to 977 jig/cm
2 2

on *1 mg/cm Ni foil backing. Each UF. target, 6x6 cm in
2area, is attached to the centre of a 15 x 15 cm cathode

plate of a single multiwire fission counter. The anode is
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a plane of 50 wires covering an area 15x15 cm and is 0.6 cm

from the cathode. Fission fragments are produced in a stack

of such counters by exposing them to a 2 cm diameter beam of

"9.0 MeV photons from the Compton monochromator at the NRU

reactor. Preliminary measurements show that the efficiency

does vary linearly with target thickness and that the slope

of the linear fit gives the mean range of the fission fragments

in UF. consistent with energy loss calculations.

3.17 The Relocation of the Bremsstrahlung Monochromator

J.W. Knowles and IV.F. Mills with T.E. Drake and S. Yen

(University of Toronto)

The Chalk River bremsstrahlung monochromator,

originally installed at the University of Toronto Linac

Laboratory (PR-P-99:3.13, AECL-4657) is being relocated at

the University of Illinois Microtron Laboratory where it will

be used with an electron beam with 1001 duty factor. With

such a duty factor the counting rate efficiency of the mono-

chromator will be increased by a factor of 10 .

As part of the monochromator installation at

Illinois we have designed a beam transport interface which

is achromatic to electrons between 5 and 100 MeV. In addition

we have redesigned the energy loss section of the monochromator

in order to accommodate the facility within the available

space. A consequence of the redesign is that the electron

beam image on the bremsstrahlung converter foil is smaller

by a factor of two. The smaller image size will improve the

resolution of the monochromator.
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3.18 Reactor Beam Hole Use

A.D.B. Woods

The McMaster University double-monochromator

triple-axis spectrometer and the Guelph University spectro-

meter were in use during the period.

The following table summarizes utilization of

operating CRNL facilities at NRU beam holes.

Beam Hole

Cl

C2

C5

L3

N5

No. of
Experiments

3

2

2

2

6

1

No. of
Participating

CRNL
scientists

2

1

3

5

5

3

No. of
Participating
non-CRNL
scientists

2

0

0

0

H

1

Efficiency
(% of available

reactor operating
time used for
experiments)

95

20

98.7

98.7

98.9

9P.3

Total reactor operating time was 75 days.

3.19 Supply and Servicing of Semiconductor Detector Systems

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

The first of the double high-purity Ge detector

systems (PR-P-111:3.25, AECL-5614) has been delivered to

Reactor Control Branch. The second detector has been re-

worked to improve its characteristics and is being tested.

One Ge(Li) system was serviced.
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3.20 Progress in the CdTe Program

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

W.J. Woytowich

The CdTe program has, within the report period,

progressed significantly. Our earlier devices were at best

suitable only for counters; we have now made several detectors

of spectrometer quality. For the best of our detectors the y-ray

performance equals, and the a-particle resolution surpasse: ,

the best that have been reported in the literature for CdTe.

This progress has been achieved by systematic

application of well-established principles: (1) using care-

fully purified (sublimed) starting material, (2) crystal

growing at low temperature and high temperature gradient,

and (3) repeated deposition of contacts until low noise

contacts are achieved. All good detectors made so far were

produced with the slow-cooling method. We have not yet

determined whether, starting from the same material, similar

results can be achieved by the travelling heater method.

All our detectors are indium doped, and have

evaporated contacts. Good detectors display very high resis-
•I A

tivity, above 5 x10 fi-cm, an ohmic characteristic, and

operate up to 3000 V-cm . The detectors range in thickness

from 0.7 to 2.3 mm, and have two parallel contacts of about

equal area, typically 10 mm . Standard tests are performet.

using collimated Am and Co y-ray sources, and collimated

Am a particles. The best y-resolution observed is 4.7 keV

at 122 keV, The peaks display surprisirgly little asymmetry

due to carrier trapping. The best a-resolution observed is

15 keV at 5485 keV, good enough to resolve the five components

of the Am a-group. Detector performance improves only

slightly if the detectors are cooled from room temperature to

-50°C. No particular effort has been made so far to use
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non-stamlard electronic components, e.g. to match the

preamplifier impedance to individual counters, nor have

retarded pulses been suppressed electronically.

The y-ray resolution observed is adequate for

many applications, and the a-particle resolution achieved

is comparable to that of good Si and Ge spectrometers.

3.21 CdTe Crystal Growth by the Travelling Heater Method

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

M.N. Wightman (Nuclear Physics Branch)

The apparatus built to grow single crystals

of CdTe by the travelling heater method (PR-P-108:3.24,

AECL-5315) has undergone major modifications which are

now completed. In this apparatus, essentially a vibration-

free .'one refining system, crystals are grown by slowly

lowering a rotating quartz ampoule through a stationary

furnace. The ampoule is mounted on a float rotating in

air bearings. Whereas the overall design principle has

proved to be sound, this system was plagued by the re-

peated failure of two components: (1) the furnace tended

to burn out, and (2) a bearing supporting the ampoule

above the furnace seized, stopping the rotation of the

ampoule. Consequently the furnace and bearing were re-

designed. The new furnace, following the current

Strasbourg design, utilizes coaxial heating wire wound

onto a nickel bobbin instead of the Kanthal wire used

previously. To detect overheating before permanent damage

occurs, the surface temperature of the heating wire, as

well as the temperature in the furnace volume, is monitored

constantly. The new bearing uses carbon-felt, instead of

spring-loaded steel guides, to support and centre the hot

(~500°C) ampoule. In addition, a tachometer has been designed
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and added to the apparatus which allows us now to monitor

(and later to stabilize) the speed of rotation. This

tachometer uses a laser beam chopped by a perforated disc

rotating with the ampoule, a photodiode detector, and a

rate meter.

The whole system has been tested extensively,

and the growth of the cirst crystal after overhaul is in

progress.

3.22 CdTe Sublimation

W.J. Woytowich

In the three-zone furnace used to sublime (and

thus purify) CdTe, the end fittings on the stainless steel

outer tube have been redesigned to allow the sublimer tube

to be sealed and withdrawn from the furnace to cool. This

modification has reduced the cooling period, and hence the

turn-around time, by about 14 hours per sublimation.

For the first time, the sublimer has been used

to distil Te, which is used as a solvent in the growth of

CdTe, in an attempt to reduce the concentrations of impuri-

ties.

3.23 Trace Impurities in CdTe

(a) Spark Source Mass Spectrometry

M.M.L. Racicot and J,G.V. Taylor with S.V. Jobin

and I.H. Crocker (General Chemistry Branch)

Specimens of CdTe have been prepared to look for

trace impurities by spark source mass spectrometry. In the

one crystal analysed to date trace amounts of Na (7 ppm)

and I (2 ppm) were found in addition to the -45 ppm of In,



- 67 -

the dopant. Unfortunately the large number of Cd and Te

isotopes produces interferences that preclude the detection

of many elements of interest.

(b) Particle Induced X-ray Emissions (PIXE)

H. Schmeing and J.G.V. Taylor with M.N. Nightman

(Nuclear Physics Branch)

Particle induced X-ray emission (PIXE) is under

many conditions a very powerful method of trace-element

detection. It is of particular interest to us since its

best sensitivity lies in the region which is inaccessible,

because of interferences, to mass spectrometry. A test run

using a particles from the MP tandem to induce X rays showed

that, in spite of the spectrum being heavily dominated by

Cd and Te X rays, the method shows promise to detect impuri-

ties, provided a very highly resolving X-ray spectrometer

is being used.

Temperature Monitoring

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

A commercial datalogger has been installed that

can scan the outputs of up to ten thermocouples (or other

millivolt sources) and print the corresponding temperatures

at programmed intervals. A built-in microprocessor permits

highly flexible front panel pushbutton programming. This

system has led to the discovery, for example, of a cor-

relation between small temperature changes in one furnace

and variations in line-voltage.
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3.25 Miscellaneous

J.G. Wesanko, R.R. MacLanders, M.A. Gulick, H.C. Spenceley

and W.J. Woytowich

Highly uniform quartz domes for solarimeters

used in energy balance studies have been made for

Environmental Research Branch. Quartz containers for heat

treating alloys were supplied to Mechanical Equipment

Development Branch. A variety ;f glass coils have been

made for gas chromatography in General Chemistry Branch.

Glass systems have been made or modified for Systems

Materials Branch, General Chemistry Branch, and attached

staff from the New Brunswick Electric Power Commission.

An adjustable target holder for recoil lifetime

measurements and three vacuum housings for detectors to be

used in time-of-flight experiments have been constructed

for Nuclear Physics Branch.

Assistance in winding superconducting cyclotron

coils is being given to Accelerator Physics Branch.

A number of heavy-ion sputter-source targets

were prepared for Solid State Science Branch from semi-

conductor and other brittle materials using the Section's

semiconductor processing equipment.

C "7 1 XQ

3.26 Results of International Comparisons of Co, Ce, and

High Count-rate Co Sources
J.G.V. Taylor et al.

See PR-P-112:2.30 .

3.27 Br; a Search for Self-delayed Proton Decay

H. Schmeing et al.

See PR-P-112:2.12 .
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3.28 The T = h Series of Beta-delayed Precursors; Kr and Zr

H. Schmeing et al.

See PR-P-112:2.13 .

3.29 Interatomic Forces and Atomic Kinetic Energies in Liquid

Helium

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

See PR-P-112:4.3 .

3.30 Publications and Lectures

Publications

PRESSURE DEPENDENCE OF PHONON FREQUENCIES IN POTASSIUM
J. Meyer, G. Dolling, J. Kalus, C. Vettier and J. Paureau
Proceedings of Conference on Neutron Scattering,
Gatlinburg, Tennessee, Vol. I, CONF-760601-P1, edited by
R.M. Moon, p. 243

DYNAMICS OF MOLECULAR CRYSTALS
G. Dolling
Proceedings of Conference on Neutron Scattering,
Gatlinburg, Tennessee, Vol, I, CONF-760601-P1, edited by
R.M. Moon, p. 263

NEUTRON SCATTERING FROM ISOLATED CLUSTERS OF MAGNETIC IONS
W.J.L. Buyers, E.C. Svensson and T.M. Holden
Proceedings of Conference on Neutron Scattering,
Gatlinburg, Tennessee, Vol. II, CONF-760601-P2", edited by
R.M. Moon, p. 771

THE DYNAMIC STRUCTURE FACTOR OF NONSUPERFLUID LIQUID 4He
A.D.B. Woods, E.C. Svensson and P. Martel
Proceedings of Conference on Neutron Scattering,
Gatlinburg, Tennessee, Vol. II, CONF-760601-P2, edited by
R.M. Moon, p. 1010
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LOW-MOMENTUM-TRANSFER NEUTRON SCATTERING FROM LIQUID He
AT T = 4.2 K AND P = 2.5 MPa
E.C. Svensson, W.G. Stirling, A.D.B. Woods and P. Martel
Proceedings of Conference on Neutron Scattering,
Gatlinburg, Tennessee, Vol. II, CONF-760601-P2, edited by
R.M. Moon, p. 1017

DOUBLY RADIATIVE NEUTRON CAPTURE
E.D. Earle, A.B. McDonald, M.A. Lone, H.C. Lee and
F.C. Khanna
Proceedings of International Conference on the Interactions
of Neutrons with Nuclei, CONF-760715-P1, edited by
E. Sheldon, p. 777

NEUTRON SCATTERING STUDIES OF THE DYNAMIC STRUCTURE OF
LIQUID 4He
E.C. Svensson, P. Martel, V.F. Sears and A.D.B. Woods
Can. J. Phys. 54 (1976) 2178
Atomic Energy oT Canada Limited publication AECL-5577

UPPER LIMIT FOR THE 1H(n,YY)2H CROSS SECTION
E.D. Earle, A.B. McDonald and M.A. Lone
Phys. Rev. C 14_ (1976) 1298
Atomic Energy of Canada Limited publication AECL-5446

MODE GRUNEISEN PARAMETERS IN POTASSIUM: I
J. Meyer, G. Dolling, J. Kalus, C. Vettier and J. Paureau
J. Phys. F 6_ (1976) 1899

EFFECT OF EVAPORATED DIELECTRIC MATERIALS ON THE SURFACE
OF HIGH PURITY GERMANIUM
R.J. Dinger (now at Ebauches S.A., Switzerland)
J. Electrochem. Soc. 123 (1976) 1398
Atomic Energy of Canada Limited publication AECL-5566

Lectures

DOUBLE RADIATIVE THERMAL NEUTRON CAPTURE
E.D. Earle
Foster Radiation Laboratory, McGill University,
Montreal, P.Q.
October 5, 1976
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NEUTRON SCATTERING IN MAGNETIC METALS
T.M. Molden
University of Guelph, Guelph, Ontario
October 19, 1976

THE DYNAMIC STRUCTURE OF NONSUPERFLUID 4He
A.D.B. Woods
National Bureau of Standards, Gaithersburg, Maryland
November 4, 1976

SPIN WAVES, THEIR PERTURBATION BY IMPURITIES, AND THE
MAGNETIC EXCITATIONS OF SMALL CLUSTERS
E.C. Svensson
University of Waterloo, Waterloo, Ontario
November 11, 1976

THE DYNAMIC STRUCTURE FACTOR OF LIQUID HELIUM
E.C. Svensson
University of Toronto, Toronto, Ontario
November 15, 1976

DOUBLE PHOTON DECAY STUDIES AT CRNL
E.D. Earle
Nuclear Research Centre, University of Alberta,
Edmonton, Alberta
December 6, 1976
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4.2 Time Behaviour of the Response of Fluoride Electrodes

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

As discussed in PR-P-106:4.2 (AECL-5226),

various mathematical models for describing the time response

of fluoride electrodes immersed in fluoride solutions were

being examined- It was anticipated that improved models

could result in the decrease in the overall time span

needed for a good determination of the fluoride concentra-

tion in the solution as well as in the decrease of the con-

centration level that could be measured reliably.

One promising and plausible model was a five

parameter "\ plus diffusion" model

-TT2(2m+l)2Dt |

I- tc.-c
m=0

in which C(t) is the apparent fluoride concentration as

indicated at time t, C is the true concentration, D is a
00

diffusion coefficient, £ is the thickness of the diffusion

layer in the detector, A and X are parameters and C^ is

an apparent initial concentration. A "least squares" pro-

gram was written to fit C(t) to measured detector responses,

thereby determining all the constants. It was found that

very good fits were obtained in most applications and that

the time span over which measurements of the response are

needed for making good estimates of C can be reduced con-

siderably. However, it was also found that when the fluoride

concentration in the solution was very low, the C B values

that were obtained tended to fluctuate with the time span

of the measurements used in the fit, indicating apparent

random drifts in the response (i.e. signal noise); these

drifts may ultimately limit the concentration levels that

can be measured.
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4.3 Interatomic Forces and Atomic Kinetic Energies in Liquid Helium

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

The work described in FR-P-111:4.2 (AECL-5614)

is continuing. It is found that the conventional Lennard-

Jones (12,6) potential for helium yields a third moment of

the scattering function S(Q,to) which is an order of magni-

tude larger than the observed values at small Q. The results

obtained from the hybrid potential of Farrar and Lee (J.

Chem. Phys. 5^(1972)5801) are even worse. We have attempted

to fit the neutron data with potentials of various shapes

subject to the condition that such potentials also agree

with the observed ground state energy and average kinetic

energy of liquid He. Although significant discrepancies

remain, the best agreement is so far obtained using Lennard-

Jones (10,6) potential with a well-depth e = 5.77 K, which

is approximately half the conventional value.

A program has been written to obtain the

pair potential by direct inversion of the neutron data

using the iterative method mentioned in PR-P-111:4.2 (AECL-

5614). This program is now being tested; no results have

yet been obtained.

4.4 Charge-State Fluctuations in Electronic Stopping

K.B. Winterbon

W. Davies and G. Ball (Nuclear Physics Branch:

q.v. PR-P-112:2.24 (AECL-5696)) required calculations of

energy loss distributions for certain charge states of

heavy ions that have passed through thin gas strippers; a

major component of the energy-loss straggling was expected

to be caused by charge-changing collisions, since the cross

section is proportional to the square of the projectile

charge. The only existing calculation seemed to be that
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of Vollmer, who did a Monte Carlo calculation which was

valid only for rather thick targets, and furthermore

allowed only Aq = ±1 charge-charging collisions. An

integro-differential matrix equation was derived for the

set of energy-loss spectra for each charge state, given

values of charge-changing cross sections. On taking

energy-loss moments of the distributions, the problem was

reduced to solving a well-behaved set of coupled linear

differential equations. A program was written to calcu-

late these moments, including also the normal Vavilov

energy-loss distributions for each charge state. The pro-

gram was extended to calculate the energy-loss spectra,

instead of the moments, but this is a very slow process:

a point on a spectrum is the value of an integral with

the integrand being a solution of a differential equation

depending parametrically on the variable of integration.

Calculation of one spectrum for each of eight charge states

takes almost ten minutes of CDC-6600 time, whereas calcu-

lation of many moments takes perhaps ten seconds. An

immediate conclusion is that, for low charge states the

energy loss and energy-loss straggling are much less than

one would estimate from measured stopping powers with

equilibrium charge state spectra.

4.5 Penetration of Heavy Ions in Solids

K.B. Winterbon

Exact calculation of path-length distributions

(PR-P-111:4.5 (AECL-5614)) is continuing. Calculations have

been done for range distributions with several ratios of

projectile to target masses, and for damage and ionization

distribution for equal masses. The program is being

extended to compute damage and ionization distributions for"

arbitrary mass ratios.
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Analytical (as opposed to Monte Carlo) calcu-

lations of penetration of heavy ions in solids have always

heretofore assumed translational invariance of the target:

i.e. the target is uniform and homogeneous. An equation

for distributions in a non-uniform medium has been derived,

and then specialized to a target consisting of one medium

in one half-space and a different medium in the other.

The problem has been formulated, but no computing has been

done. In the yath-length approximation, using power-law

stopping, with the same power in both media, the complete

distribution can in principle be calculated exactly by the

methods used in the work discussed in the preceding para-

graph; however this Involves a double numerical integration.

It appears preferable to calculate the moments of the dis-

tribution and then to obtain the distribution from them.

On including angular deflections the problem becomes more

difficult; for example the mean range, which in a homogeneous

material has one Legendre component, now contains infinitely

many.

4.6 Direct Conversion of Neutron Kinetic Energy

K.B. Winterbon and G.E. Lee-Whiting

It has been suggested (L. Wood and T. Weaver

(1973) UCID-16229) that the kinetic energy of fast neutrons

produced in a controlled thermonuclear reactor could be

directly converted to electricity with high efficiency (80

to 90%) by first converting to proton kinetic energy.

Suppose that a parallel beam of neutrons encounters a thin

target compared largely of hydrogen. The method requires

that a large fraction of the energy lost by the neutrons go

into the forward longitudinal motion of the recoiling protons.
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A Monte Carlo program was written to calculate this fraction.

using the measured (s-wave) scattering cross section. The

results showed that only about 55% of the neutron energy goes

into forward proton motion. The numerical results also

showed that a negligible amount of neutron energy is lost

through back scattering out of the target. Thus analytical

methods applicable to a scatterer filling all space - not

just a half space - were seen to be justified. A simple cal-

culation (again for a purely s-wave cross section) showed thrt

5/9 of the neutron energy goes into longitudinal proton motion,

in excellent agreement with the Monte Carlo results.

4.7 Collective Properties of Low-Energy Nuclear States

M. Harvey

Analyses of the low-energy spectra of light

nuclei have shown these to be describable with the aid of

a few simple collective principles e.g. shape consistency,

volume conservation. Shape consistency seems to be justi-

fied from deformed Hartree-Fock calculation. To our know-

ledge no systematic study has been made of the volume

conservation condition even though it is this property

that determines the relative energies of intruder states,

giant-multipole states etc. Stimulated by our interest in

the correct estimation of the energy of such states (see

PR-P-112.-4.8 (AECL-5696)) we are examining the volume condi-

tions that arise in a deformed-oscillator model using the

Zamick density-dependent interactions (Nucl. Phys. A249

(1975)320). In preliminary results for 1 60 we find that

the energy of the 4-particle 4-hole state with the con-

straints used by Zamick is about 18 MeV - much higher than

the observed 6 MeV. We are at present investigating a

more generalised variational calculation.
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4.8 On Electro-Fission Experiments in Light Nuclei

M. Harvey

Electro-fission experiments by Litherland

et al. at the University of Toronto (private communication,

Phys. Lett. 536(1974)244) have shown that the reaction

takes place through a few resonance-like structures. In
28 16

Si, for example, the subsequent K=2 fission to 0 and

C(2 ) seems to come from a region at 28 MeV with a

width <2.5 MeV. The shape-consistent oscillator model

coupled with the oscillator pushing model (c.f. talks by

Harvey at Varenna Summer School, 1976 and Second Conference

on Cluster Phenomena of Nuclei, Maryland, 1975) seems to

be able to explain the qualitative features of the experiment.
28

Thus in Si the model predicts a near degeneracy of the
K=0 mode of the giant quadrupole based on the oblate ground

state and the K'=2 mode of the giant quadrupole based on an

excited prolate state. We tentatively understand the

electro fission reaction therefore as exciting the K=0

giant quadrupole from the ground state, a transfer (through

the mixing of states) to the K=2 giant quadrupole of the

prolate state and then the subsequent fission (preserving

K=2) to 1 60 and 1 2C(2 +), which is shown to be allowed by the

pushina model. A study of more fundamental modpls has been

indicated (see PR-P-112:4.7 (AECL-5696)) to try to understand

why this simple oscillator model works so well.

4.9 Effective E2 Charges in the Mass 17 Nuclei

M. Harvey

In a recent private communication, Brown, Arima and

McGrory have claimed that the effective (additional) E2 charge nD

17in F is very small (perhaps negative) when the spherical
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shell model is defined in terms of a Woods-Saxon potential.

This conflicts with earlier estimates by Harvey and Khanna

(Nucl. Phys. A155(1970)327) in which an additional neutron

or proton has an effective charge n = n ^ .4. In the

old calculation a "standard" set of Woods-Saxon parameters

was chosen whereas in that of Brown et al. a different

well depth was chosen for each orbit in order to fit the

observed single-particle energies. The problem has been

reanalyzed with particular care as to the choice of para-

meters, although the final result is relatively insensitive

to "reasonable" spin-orbit parameters. For a given diffuse-

ness the well depth and range parameter were fitted to the

observed mean-square radius of o and the binding of a

valence s., ,2 orbit (neutron or proton). By varying the

diffuseness,a value was found for which the s. /2 - dr/2

splitting was correct. The resulting parameters from the

0 and F determinations were remarkably similar. In

this approach all the criteria of Brown et al. are satis-

fied; the resulting values n ^ -.1 arid nn ^ .35 are similar

to those of Brown et al. These values arise, however,

with a large diffuseness. For the smaller cliffuseness used

in standard potentials (in which not all the Brown criteria

are satisfied) the values are n % n ^ .4 agreeing with our

old calculation. We conclude that the claims of Brown et

al. are correct but that the consequences in particle-

scattering theory of the required larg-2 diffuseness should

be examined.

Exchange Currents and the Magnetic Moment Operato-u

I.S. Towner, F.C. Khanna and H.C. Lee

The exchange of mesons and the presence of

nucleon isobars in nuclei modify the conventional one-body

magnetic-moment operator by supplementing it with additiona]
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two-body operators. Preliminary calculations for closed-

shell-plus-one nuclei, which for the two-body operator

involve a completeness summation over the states occupied

in the core, indicate a correction to the magnetic moment

of the order of 0.1 nuclear magnetons arising from one-

pion exchange processes and smaller contributions from

the presence of nucleon isobars. Multi-pion exchange

processes are to be estimated.

4.11 Coulomb Corrections to Fermi Beta Decay

I.S. Towner and M. Harvey

Calculations of a model-dependent theoretical

correction, <S , to the matrix element characterising super-

allowed beta decay (see PR-P-111:4.8 (AECL-5614)) that

quantifies the breakdown of perfect isospin symmetry in

analogue states has been completed and written up for pub-

lication. It had been hoped that the uncertainty in 6

that arises from the uncertainty in the parameters of the

single-particle modsl used could be quantified by deter-

mining the accuracy of the parameters from a fit to

experimental data on binding energies, mean square radii

and density distributions as deduced from electron scatter-

ing. Unfortunately the error matrix of such a fit is not

available in the literature and our attempts to derive it

from a first-order Born approximation analysis of electron

scattering have been thwarted by the inadequacy of this

first-order approximation.

4.12 Proton Core Polarization Contributions to Magnetic Moments

in N = 50 Nuclei

T. Faestermann, o, Hausser, D. Horn, H.R. Andrews, D. Ward

(Nuclear Physics Branch) *nd I.S. Towner

See PR-P-112:2.3 (AECL-5696).
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4.13 Neutral-Current Experiments with Reactor Antineutrinos

H.C. Lee

A survey was made of excited states in all

stable, A < 100 nuclei for which the (v,v') cross section

with reactor antineutrinos could be large. Forty such

states were identified and the reaction cross sections were

calculated. Possible detection schemes and their difficul-

ties were examined. The problem of background due to

residual radioactivity in the target-detector assembly was

studied quantitatively in terms of concentration of: radio-

active contaminants. Gains in the cross sections that could

be obtained from upgrading the reactor antineutrinos by

dosing the reactor with Li wera calculated.
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4.14 Reports, Publications and Lectures

Reports

CALCULATION OF HYDROGEN DIFFUSION TOWARD A CRACK IN A
STRESSED SOLID
G.E. Lee-Whit ing
AECL-5612

A BIBLIOGRAPHY OF THE PUBLICATIONS OF BORIS DAVISON
S.A. Kushneriuk
AECL-5620

Publications

DOUBLY RADIATIVE np-CAPTURE
H.C. Lee and F.C. Khanna
Phys. Rev. C14J1976)1306

THE DYNAMICS OF LIQUID 3He
H.R. Glyde and F.C. Khanna
Proc. of the Conf. on Neutron Scattering, Gatlinburg, Tenn.,
June 6-10, 1976, Vol. II, p.989

DOUBLY RADIATIVE NEUTRON CAPTURE
E.D. Earle, A.B. McDonald, M.A. Lone, H.C. Lee and F.C. Khanna
Proc. of the 1976 Int. Conf. on the Interactions of Neutrons
with Nuclei, CONF-760715-P1, p.778

SECONDARY EXTINCTION IN NEUTRON DIFFRACTION
V.F. Sears
Proc. of the Conf. on Neutron Scattering, Gatlinburg, Tenn.,
CONF-760601-P1 (1976), p.36

NEUTRON SCATTERING STUDIES OF THE TYNAMIC STRUCTURE OF LIQUID 4He
E.C. Svensson, P. Martel, V.F. Sears and A.D.B. Woods
Can. J. Phys. 54(1976)2178

TRANSVERSE SPREADING OF IMPLANTED-ION RANGE COLLISION CASCADES
K.B. Winterbon
Radiation Effects 3_0(1976)85

Lectures

COLLECTIVE MOTION AND THE EFFECTIVE E2 CHARGE
M. Harvey
given at Rutger's University, New Jersey, November 8, 1976
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MATHEMATICS AND COMPUTATION BRANCH

D. McPherson
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5.1 Staff

Branch Head: D. McPherson

Section I; Systems

Head:
D. McPherson

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

Programmer:
Mrs. E.A. Okazaki

Svstem Librarian:

Operator Supervisor:
Mrs. V.L. Tomlinson

Computer
Miss K,
Mrs. L,
Miss M,
Mrs. C.
Mrs. A.
Mrs. E,
Mrs. B,
Mrs. T.
Mrs. L.
Mrs. N.

Operators:
M. Bjarbo (1)
P.L. Cybulski
E. Edwards
M. Hepburn
A. Laroche
S. Morin (2)
H. Scott (3)
Spear

J. Sutton
M. Ward

Section III: Mathematical
Services and Applications

Head:
J.M. Blair

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

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

Mrs. K.M. Haddon

Section II: Operations

Head:
G.N. Williams

Programmer/Analyst:
B.B. Ostrom

Programmer:
C D . Price

Programmers:
K.R. Chaplin
E.G. Long
Mrs. B.E. Purcell
B.V Riff
D.G. Stewart
J.W. Wendorf

Secretarial Staff

Mr s. K.F„ Barnard

(4)

(5)

(1) Joined Branch 12 October 1976.
(2) Joined Branch 18 October 1976.
(3) Terminated 2 December 1976.
(4) Maternity leave 13 September to 31 December 1976.
(5) Waterloo co-op student; terminated 17 December 1976.
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5.2 CDC CYBER 175/6600 System

(i) CYBER 175 and NOS BE Operating System

Mathematics and Computation Branch with
W.J. Irving and E. Ferguson, Control Data
Canada, Ltd.

A CDC CYBER 170, Model 175, was installed in the

Computing Centre f*&rly in November. After approximately two

weeks of system te^-tiva ^nd development, the 175 went into

production en 2'Ji Ncvember. Concurrently with the hardware

additions :o ti,e Computing Centre, CDC's Network Operating

System: Batch Environment (NOS BE) was installed; the

operating system conversion was required for two chief

reasons - to take advantage of the new internal features c'

the 175, and to obtain the latest features in the CDC system

which support parallel operation of two 6000 or CYBER series

computers.

To minimize the risk of loss of production time

due to conversion difficulties, the 175 and 6600 were

operated independently for about two weeks. During the

first weefc the 6600 continued to run with the SCOPE oper-

ating system, and programs were run under NOS on the 175

only as requested. At the beginning of the second week of

175 operation, all work was submitted to the 175, running

the NOS system, unless execution under SCOPE was requested.

By the end of zhe second week, testing of the dual main-

frame mode of NOS had begun, and since 6 December this has

been the normal configuration.

The number of problems in the new operating syst jm

has been remarkably low. Only two serious faults were

uncovered durirg the first few days of dual main-frame

operation, and there have been isolated and corrected (one,

in the basic operating system, by CDC, one, in a local

extension to the system, by CRNL staff). There remain a

number of deficiencies in the system, but only one known
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fault which causes interruption to service. Even the latter

problem does not affect the integrity of the system, and

since it involves only one of the two computers at any one

time, has a relatively small impact on users.

(ii) FORTRAN Compiler

M.B. Carver and D.G. Stewart

The nsw NQS BE operating system incorporates the

latest release of CDC's F O K T P A N compiler. To aid i.sers in

transcending the system change as smoorhiy as possible, but

at the same time fulfill CDC's request to minimize local

modifications to the compiler during the initial production

period, three versions of FORTRAN were assembled, tested and

made available to users.

(1) System Compiler

This is CDC FTN level 434. Local modifications to

control LIGT/NOLIST and print density were eliminated

and the equivalent options newly provided by CDC are

used instead. The TS (time sharing) option has been

discontinued. The compiler has operated well with no

major errors or user inconveniences since its intro-

duction.

(2) Field Length Management Compiler

Those who use programs in which storage requirements

are data-dependent need a means of requisitioning

storage during execution. This was done previously by

using a request for memory by a routine CHNGSCM, which

operated in conjunction with the automatic field length

feature built into the CDC compiler library. Unfor-

tunately CDC have ceased to support this feature, and

it did not work at level 434. After some modifica-

tions, however, this option was re-activated success-

fully and this automatic field length version of the

compiler has been made available to users from per-

manent file.
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(3) Previous Compiler Version

While compiler updates are always heralded as great

improvements, and are hopefully upwards compatible, it

is inevitable that some programs are either unable to

run or produce different results on the new compiler

version. For this reason, a version of the previous

system compiler, level 406, has been made available for

use as a last resort. This presented a considerable

problem as all features relevant only to the new syst em

loader had to be incorporated, while at the same time

over a hundred intermixed modifications relating to

other features had to be jetisoned. However, by dis-

carding the print density controls, and. the TS option,

this version of the compiler was successfully generated,

and also is available if required.

Relative use of the three versions is currently

estimated at 80% system, 19-3/4% automatic field length, and

1/4% previous version. The latter low figure reflects that

the transition has been relatively easy for almost all

users.

(iii) Subroutine Libraries

(a) Conversion to NOS

L.E. Evans and K.R. Chaplin

Both the CRNL subroutine library AELIB and IMSL

(International Mathematical and Statistical Library) were

re-compiled, installed and validated for the new FORTRAN in

the NOS BE operating system. It was determined that a

number of problems still remain in the -?ode generated by the

optimization option of the FORTRAN compiler, and thus the

installed versions ci the libraries were generated without

optimization.
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(b) Job Card, Central Memory and ECS Parameters

D.G. Stewart

A COMPASS routine FLCHEK was written to allow the

central memory and/or ECS requested on the job card to be

returned via parameters to the user. It may be called from

a FORTRAN program. The routine calls the system macro

MEMORY to extract the CM or ECS requested on the job card.

(iv) PAL8 and PDPIO for NOS

D.G. Stewart

Minor changes were made to both the PDP-8 cross

compiler PALS and the PDP-8 utility package PDPIO to allow

them to run under NOS.

(V) QUERY UPDATE

C.J. Tanner

Included in the new operating system NOS BE is

QUERY UPDATE Version 3. This version includes all the

features of QUERY UPDATE Version 2 plus two significant new

features:

(a) Support of multiple-index files: QUERY UPDATE will use

the index file when a search on an alternate key is

requested. Formerly only a search on a single major

key used the index file; other searches required a

record-by-record scan of the file.

(b) New report facility: A new control card, REPORT, was

added. This control card will produce a report that

was previous described using the COMPILE command.

(vi) Computer-Aided Control System for the
Superconducting Cyclotron and MP Tandem
Accelerator

L.D. Hansen

A work term of five weeks was spent at the Hahn-

Meitner Institute in Berlin. During this period a program
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was developed to exercise the IGOR (input gate/output register)

CAMAC modules made by Kinetic Systems. This program requires

the IGOR and a special IGOR test module made at the Hahn-

Meitner Institute. Its purpose is to define a "level of

confidence" which must be met by the modules before being

used in the control system. This program was vrritten in the

MUMTI interpreter language so that details of that language

could be learned. The program is very large with respect to

the capabilities of MUMTI and, therefore, many of the limita-

tions of the language system were encountered.

It was found that no complete documentation of tne

software developed at Hahn-Meitner exists but considerable

discussion has produced an understanding of the various

routines produced so far. The software includes: (1) A

package for access and maintenance of a system variable data

base which allows CAMAC function access via system variable

name rather than function reference. (2) A package which

provides the interface to the CA11-C CAMAC/PDP11 hardware

interface. This package provides the ability to issue

dataway transfers by function reference and handles the

parallel serial branches in such a way that it is trans-

parent to the user which parallel or serial branch is being

used. The user need only know the crate number and station

number of the module of intere-v;.. The package also provides

for the handling of parallel and serial interrupts and block

transfers. (3) Routines to handle touch panels and TV

displays.

The complete sources and libraries used by the

control systems group has been brought back from the Hahn-

Meitner Institute. Most of these programs are still in a

state of development and further visits will be necessary to

be kept up to date with the control system since there is no

formal reporting of progress which we can access.
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5.3 CDC 3300 System

(i) Keyboard Terminal Protocols

J.F. Steljes

Some new features of the keyboard terminal pro-

tocol have been implemented for communications with computer

and intelligent terminals simulating keyboard terminals. No

messages are sent to the terminal in CREATE and DISPLAY

modes except a single unique control code which is sent when

the computer is ready for input. If the computer is unable

to accept input, transmission of this code is delayed until

it is.

This protocol gives a positive assurance that no

data will be lost due to delays. It is similar to the

present 'TAPE MODE1 which also suppresses messages but

provides no positive interlock.

It will also be possible to support the protocols

referred to by Tektronix Ltd. as Half-Duplex Blanking and

Half-Duplex Supervisor Modes which are extensions of the

above protocol specially suited for operating Tektronix

Terminals over a Bell Canada half-duplex line.

(ii) Higher Speed Dial-up Port

J.F. Steljes

A dial-up 200 UT port operating at 2400 baud

instead of 2000 will be available shortly. It will be

accessible by dialing 613-589-2335.

5,4 DECsystem-10

J.A. Edgecombe

(i) Monitor

The monitor was updated to cure a number of

internal problems. Since then several other errors have

been reported, but no cures have been generated. Diagnosis

is progressing slowly, due to insufficient data.
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(ii) Fast Scanner

Dumping the data gathered by the experimental

scanner onto magnetic tape has been implemented, and several

minor deficiencies cured. One experiment has been run using

the coincidence portion of the scanner, and two using the

singles portion.

(iii) New Display

Work has been required on two programs - the

display driver and the extended IOT interface - to get the

new display operational. This is expected in January.

Preliminary discussions have been held to design the spec-

ifications for the next model.

(iv) Intel 8080A Software

The PLM cross-compiler for the 8080A arrived and

was tested during the quarter. No software has yet been

written using this system.

(v) Miscellaneous

Errors were found in various DIGITAL supplied

packages. These were corrected locally and sent in as SPR's

to Digital Equipment Corporation.

New versions of the TECO editor and the SIMULA

programming language were made available for use.

Optimizations were introduced to one of the

locally written programs (RELKIN, supplied by J.C.D. Milton).

5.5 Numerical Integration

(i) FORSIM

(a) Analysis of Partial Differential
Equations in Two Dimensions

M.B. Carver with K.A. Burrill (System Materials
Branch)

The two-dimensional capability in FORSIM has been

expanded, and used in a study of corrosion and deposition in
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reactor loops. The program works well providing a good

integration algorithm is used. In this respect the Gear

algorithm with diagonal Jacobian approximation was found to

be the most efficient, permitting the solution to progress

quickly and accurately.

(b) External Requests

M.B. Carver

Requests for copies of PORSIM were received and

filled from Lehigh University, University of Stuttgart, and

the Regional Research Centre of Lower Saxony. Requests from

Multiple Access Computing Co. and Charles Howard and Asso-

ciates are under consideration by Technical Information.

(ii) Partial Differential Equations
Using Functional Approximation

M.B. Carver

Tests with the subroutine package PDECOL mentioned

in PR-P-111, 5.9(ii); AECL-5614, continue. A review of the

package for the Association of Computing Machinery Trans-

actions on Mathematical Software is under preparation.

(iii) Quadrature

M.B. Carver

Consolidation of the work on quadrature mentioned

in PR-P-111, 5.0(iii); AECL-5614, continues. The report has

now reached second draft stage, and the routines have been

tested successfully on the new NOS system.

(iv) Integration of Ordinary Differential
Equations Containing Discontinuities

M.B. Carver

This work mentioned in PR-P-111, 5.9(iv); AECL-

5614, is now complete. A subroutine DISCO which assumes

control of the integration algorithm in the neighbourhood of

discontinuities has been written, tested, and proved accurate
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and efficient. A paper "Efficient Integration Over Dis-

continuities in Ordinary Differential Equations" has been

written, and accepted for inclusion in the IMACS Inter-

national Symposium on Numerical Methods for Differential

Equations,, March 1977.

5.6 Analysis of Acoustic Phenomena
in a System of Steam Mains

W.N. Selander and P.Y. Wong

The system of steam lines and cavities repre-

senting the proposed modification of Gl has been modelled

and its resonant frequencies with their associated mode

shapes determined up to a limit of approximately 3 hertz.

The values are somewhat parameter-dependent but the main

results for a "reference case", chosen to represent what are

believed to be typical values, are the following:

(a) Two "reheater modes" caused by oscillations between the

reheater cavities (in phase) and the rest of the system,

at a frequency of ^0.5 Hz.

(b) An antisymmetric (azimuthal) mode due mainly to oscil-

lations between the two steam drums at a frequency of

^0.8 Hz. This mode tends to have larger amplitudes in

the steam drums and their connecting piping, than in

the rest of the system. This is due to the fact that

oscillations in the two parts of the system would be

decoupled in a completely symmetric layout.

(c) A symmetric mode in which the two steam drums oscilla .e

together but out of phase with the rest of the system,

at ^0.9 Hz.

(d) A second symmetric mode at ^1.6 Hz.

(e) An antisymmetric mode caused by oscillation between the

reboiler lines, at ^2.1 Hz. The amplitude in the

reboiler lines is generally larger than in the steam

drums, due again to partial decoupling.
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(f) A third symmetric mode at ^2.6 Hz.

The above results will be discussed with Power

Projects staff to see whether additional computer runs are

required. Following that, the study will be documented.

5.7 Stress Analysis Programs

(i) MARC - General

B.V. Riff

Attempts to incorporate a corrective update to

Revision G, Release 3, of MARC have been unsuccessful, and

have been abandoned since a complete new release is expected

in the near future.

It has been found that in Revision G, Release 3,

the gap element is not handled properly, and the stress

required to open a gap element after it has been closed is

not the same as the stress that was required to close it. A

possible solution of the problem is to redefine the strain

breakpoint, at the time of the gap opening or closing, to

the actual strain which closed or opened the gap. Of course

the user should be notified that the strain breakpoint which

he had specified has been changed and by how much. A de-

tailed description of the problem, and the proposed solu-

tion, has been sent to MARC.

(ii) Stress Analysis of the End Rings of the
Heavy-Ion Superconducting Cyclotron

J.M. Blair and B.V. Riff

The aim of this analysis is to estimate the

stresses in the end ring weld, in order to determine the

likelihood of crack development in the weld. Earlier

computations (PR-P-110, 5.11(ii); AECL-5546 and PR-P-111,

5.10(ii); AECL-5614) indicate that the highest stress occurs

at the point adjacent to the inner edge of the wall, and

"coarse mesh" calculations (with 64 finite elements) yield
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an estimate of the stress at a distance of 6.4 cm from thi =

high stress point. A second model (in the second reference

above) gives an estimate at 3.3 cm from the high stress

point, and a third model using a substructure of the second

model, gives an estimate at 1.6 cm. The results are sum-

marized below:

Distance (mm) Mises Stress (MPa)

64 26.13

33 45.16

16 62.33

Since the stresses are substantially below the

yield stress (̂ 200 MPa), the conclusion is that they are

unlikely to cause fracture, and any localized yielding that

results will be confined to a very small region around the

high stress point.

(iii) Statistical Analysis of Slotted Burst Tests
on Cold-Worked Zr-2.5 wt * Nb Pressure Tubes

J.M. Blair and R.R. Hosbons (Metallurgial
Engineering Branch)

A stepwise regression analysis of the CRNL and

WNRE results of critical crack length tests on cold-worked

Zr-2.5 wt % Nb pressure tubes has been carried out. The

analysis provides confidence limits for the critical crack

lengths at operating conditions in the Pickering and Bruce

reactors.

The results of the statistical analysis are given

in PR-FM-39P.

5.8 Time Behaviour of the Response
of Fluoride Electrodes

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

See PR-P-112, 4.2; AECL-5696.
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5.9 Polynomial Recursion Coefficients

H. Keech

K.B. Winterbon (AECL-4832) has investigated the

calculation of recursion relation coefficients for poly-

nomials orthogonal with respect to some given density func-

tion <|> (x) . The power moments are defined by

y n = /d x x
n <fr(x).

The recursion coefficients a. and b- are defined by

P£+1 (X) = <Vx)PA<X> " hlPl-llx)

and /dx«(x)PJl(x)Pm(x) - 6 ^

Winterbon references the algorithms for the calculation of

the coefficients an and b0 from the power moments.

A library of SNOBOL routines was written to do the

rational fraction arithmetic, in a precise fashion, for the

case in which the power moments were rational fractions.

This package, LIRA, has now been extended to meet

the requirements of the test case proposed by Winterbon.

The test results agree with approximate FORTRAN

results. However, the program is very slow and efforts are

being made to speed up particular routines.

5.10 Information Handling Programs

(i) Glace Bay Heavy Water Data

C D . Price

Data was archived from Glace Bay magnetic tapes

covering the period ending 2 November 1976. A third request

from Jim McCardle stationed at GBHWP for plots and printout

of certain Glace Bay data has been completed. Approximately

one full year of Glace Bay operating data is now accessible

from the Chalk River Computing Centre.
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The program used to construct a copy of Glace 3ay

data had to be slightly modified to handle new record types

introduced after 25 August 1976 (GB0035). These record

types - hourly averages, manual inputs, and alarm messages,

are part of the master copy, joining the minute by minute

readings, and identifier records already present. For long-

term trends, a condensed magnetic tape data base is formed

containing hourly average, manual input and identified

records only.

A retrieval package is currently under development

to enable computer users at various sites to retrieve, list

and plot Glace Bay Data.

(ii) Pickering Pressure Tube Data Base

G.N. Williams

Retrievals and analysis are being performed as

required. The report on methods used and results of the

analysis is in the final stages of preparation.

5.11 Data Reduction Programs

(i) RATED

D.G. Stewart

A FORTRAN program RATED was written for C.E. Ells

of Metallurgical Engineering Branch to calculate the rate

of dissolution of dispersed hydride platelets given hydrogen

concentration, hydride thickness, diffusivity and terminal

solubility of hydrogen in the alpha phase.

Plots and output were calculated as a function of

time for various hydrogen concentration and hydride thick-

ness.
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(ii) NPD Gamma Spectrometer Program - NPDGASP

E.G. Long and W.T. Bourns (System Materials
Branch)

A program to analyze gamma spectra of NPD reactor

coolant crud samples has been written.

Currently these samples are being shipped to CRNL

for counting on the SUCCESS I system and processing by the

program SUSPECT. In the future the samples will be counted

at NPD on a Nuclear Data 2200 System and the data sent to

CRNL for processing.

A more sophisticated program than SUSPECT was

desired for this processing resulting in NPDGASP being

written.

The program consists of three parts:

(a) Determining Dector Efficiency

The spectra produced by standard reference material are

processed to determine the efficiencies at known

energies. The program then performs a least-squares

fit of these observed efficiencies to the expression

F = pE q

where F is the efficiency, E is the energy at which

this efficiency was calculated, and p,q are parameters

to be fitted.

(b) Energy Calibration

To determine the relationships between energy and

channel number an energy calibration is performed using

a least squares fit of peak energies found in a stand-

ard spectra to a polynomial of the form

E = f(c)

n i
where f(c) = £ a.C , n=l,2

i=0 x
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a. are the coefficients of the polynomial determined by

the least-squares routine.

C is the channel number of the peak centroid.

E is the peak centroid.

(c) Sample Analysis

The spectra of samples submitted for analysis are

processed to determine the energies and areas of sig-

nificant peaks present. The isotope corresponding to

each peak energy is identified and the area of each

peak is converted to activities in pCi/unit of sample.

The program is now in the initial stages of

testing. It appears that the peak finding and fitting

portions of the program are not satisfactory and will

require further investigation.

(iii) NPD Heat Transport System

E.G. Long and W.T. Bourns (System Materials Branch)

Modifications to the programs that analyze data

from this system have been requested. The report (mentioned

previously PR-P-111, 5.11(iv), AECL-5614) on these programs

has been delayed to permit inclusion of these changes.

5.12 Fire Flask Accident Analysis

M.B. Carver, D.G. Stewart, and W.R. Taylor
(Civil and Mechanical Design Branch)

In an attempt to rationalize decisions by de-

signers of shipping flasks for radioactive materials, a

series of thermal analyses of various proposed flask designs

is now complete. AECB regulations define among other things

that the flask must survive a 30 minute exposure to 1475°F

fire without significant deterioration of the lead radio-

active shield. Six proposed designs were analysed with

respect to thermal penetration in such an event, and rec-

ommendations made concerning design features.



- 101 -

5.13 Miscellaneous Programs and Subroutines

(i) Nuclear Physics Codes

H. Keech

New test data for the codes MULTISHELL and TENSOR

was constructed to reproduce a case considered in the lit-

erature by Halbert et al. (Advances in Nuclear Physics, A_

(1971) 316).

These codes and test data were supplied to users

at Brookhaven.

(ii) Crack Depth Evaluation

B.V. Riff

A program was written for H. Licht, Quality

Control Branch, to organize experimental data into a form

appropriate for using regression analysis routines from the

IMS Library.

(iii) Superconducting Accelerator Codes

K.R. Chaplin

Several codes were written to determine what the

tolerances were upon the construction and placement of iron

in the cyclotron.

A routine was written to determine the basic

magnetic field required from the superconducting coils given

the iron configuration and the particular ion properties.

5.14 Operations

(i) Computing Centre Changes

B.B. Ostrom

During this period the equipment located in the

computer rooms was rearranged to accommodate the addition of

six new disk storage units (115.8 * 10 characters each),

and the new Control Data Cyber 175 Computer System.
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The Computer Communications Group of Bell Canada

also started a much needed consolidation of the data and

voice telephone lines within Bldg. 508.

Also started, but yet incomplete are:

(1) The motor generator vault and associated electrical

wiring modifications to the building.

(2) The installation of additional air conditioning ca-

pacity for computer rooms.

(3) The sprinkler system for the complete building as

required by the Dominion Fire Commissioner's Office.

(ii) Job Accounting

C D . Price

All jobs involved with producing computer accounts

have been modified to reflect the changes in both hardware

and software systems.
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(iii) Computer Use by Division

The following table is an analysis of the jobs

processed during the quarter.

Power Projects

WNRE

CRNL:

Computing Centre

Technical Information

Number of Jobs

12,742 (16.830%)

2,373 ( 3.134%)

19,926 (26.318%)

1,539 ( 2.033%)
& University Relations

Biology and Health 1,245 ( 1.644%)
Physics

Chemistry & Materials

Physics

Electronics, Instru-
ment and Control

Advanced Projects &
Reactor Physics

Fuels & Materials

Administration

Medical

Finance

Operations

General Services

Plant Design

Special Projects

Others

3,099 ( 4.093%)

3,857 { 5.094%)

434 ( 0.573%)

9,714 (12.830%)

11,209 (14.805%)

554 ( 0.732%)

141 ( 0.186%)

1,567 ( 2.070%)

3,063 ( 4.046%)

178 ( 0.235%)

837 ( 1.106%)

2,268 ( 2.996%)

34 ( 0.045%)

Utilization
System Seconds

875,694.773 (42.505%)

151,880.841 ( 7.372%)

147,422.040 ( 7.156%)

11,261.262 ( 0.547%)

14,304.840 { 0.694%)

25,358.658 ( 1.231%)

124,415.131 ( 6.039%)

3,219.576 ( 0.156%)

334,501.190 (16.236%)

261,622.980 (12.699%)

3,055.172 ( 0.148%)

471.171 ( 0.023%)

18,725.457 ( 0.909%)

51,213.791 ( 2.486%)

1,097.481 ( 0.053%)

4,064.675 ( 0.197%)

11,966.681 ( 0.581%)

5,857.276 ( 0.284%)

Total 75,712 2,060,239.421
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5.15 Publications, Reports and Publications

Publications

RATIONAL CHEBYSHEV APPROXIMATIONS FOR THE INVERSE OF THE
ERROR FUNCTION
J.M. Blair, C.A. Edwards and J.H. Johnson
Mathematics of Computation, Vol. 30, No. 136, 1976, p.S27-
830.

COMPUTING CENTRE NEWSLETTER, Vol. 3, !,TO. 10, Edited
by G.N. Williams

Lectures

TOWARDS A UNIFIED FRAMEWORK FOR AUTOMATED SOLUTION OF
PARTIAL DIFFERENTIAL EQUATIONS
M.B. Carver
Seminar given to the Group on Simulation, Optimization and
Control, McMaster University, Hamilton, 8 October 1976.

THERMODYNAMICS
M.B. Carver
Algonquin College of Applied Arts & Technology, Advanced
Technical Evening Course Series, 1 October 1976 to 28 February
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

6.3 Research Applications

6.3.1 Fast Intense Neutron Source
6.3.2 Heavy-Ion Superconducting Cyclotron
6.3.3 Thick Target Neutron Yields and Spectral

Distributions from the 7Li(^,n) and 9Be(d,n)
Reactions " "

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

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

BRANCH HEAD: P.R. Tunnicliffe

Professional Staff

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

J.
G.E.
J.H.
H.R.
S.O.
M.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. Anderchek
R.J. Bakewell
R.J. Kelly
N.I.G. Labrie
D.W. Warren
J.F. Weaver

Technical Staff

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

Ardiel
F. Bird
Birney
Campbell
Cox
Dobbs
Geoffrey
Gillies
Hohban
Hood
Jones
Kidner
Metivier
Michel
Vokes
Weeden

Laboratory Services

J.H.
J.J.

Hewitt
Murphy

Secretarial Staff

Mrs. M.A. Trecartin

(1) NRC Post Doctorate Fellow arrived 4 October 1976.
(2) NRC Post Doctorate Fellow.
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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

spallation neutron factory.

a) Injector

J. Ungrin

Operation of the injector after the reassembly of

the accelerating column as reported last quarter (PR-P-111,

6.2.1 a); AECL-5614) was very unreliable. Beams greater than

5 mA could not be accelerated at voltages greater than 700 kV

for arcdown-free periods greater than 30 minutes. The column

was then disassembled to investigate the cause of this

behaviour. A thin film of carbon-like deposit was found

around the beam apertures on the downstream side of the

column electrodes. The origin of the material is uncertain

but is believed to have come from an oil contaminated bellows

in the vacuum roughing system.

The potential distribution was altered to reduce

the g-.eidient near those electrode skirts that showed spark

damage (PR-P-111, 6.2.1 a); AECL-5614). The effect on the

beam turn-on transient produced by this change was large

enough to cause arcdowns of the column. To overcome this

effect two stainless steel tubular hoops have been machined

and were attached to the upstream sides of the electrodes to

increase the effective radius of curvature of the skirts.

The entire column was then cleaned and reassembled. The

injector has been high voltage conditioned with zero beam

current and preliminary results indicate that the additions

to the electrodes have improved column reliability. The

injector is presently being current conditioned to 20 mA

where reliability studies will be repeated.
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b) Beam Emittance Studies

M.R. Shubaly

A new pepper-pot plate has been designed and fabri-

cated. The holes along the horizontal axis are staggered to

decrease the overlap seen on previous measurements (PR-P-1'.l,

6.2.1 b ) ; AECL-5614) and to permit a more accurate assessment

of the beam emittance. A new detector screen has been

fabricated by depositing a thin (̂  1 nm) film of chromium on

a glass plate and coating with a 1 vim equivalent layer of

p-quaterphenyl.

In the past quarter, no beam has been available for

emittance measurements.

c) Ion Source Development

M.R. Shubaly

The redesigned Fast Intense Neutron Source (FINS)

source was tested with 6 mm and 10 mm plasma aperture plates.

A minor modification to the nose of the extractor gave good

operation. Tests were halted at 20 mA because the source was

required for installation in FINS. A spare source can and

extractor are being fabricated; other components are in st^-ck.

Further testing of the source will continue.

Major modifications have been made to the test

stand during the past quarter. An oil diffusion pumping

system has been installed in place of the triode ion pump

which has caused difficulty in the past. The diffusion pump

has greatly reduced the down time between source changes.

During tests of the FINS source, the extractor

power supply failed. A new 50 kV, 5.5 mA supply has been

installed to replace the original 50 kV, 1.5 mA supply. The

new supply includes built-in protective circuitry to reduce

damage from high voltage transients. The test stand arc and

coil supplies have been replaced with new units with better

regulation and faster response. Wiring in the dome is being



109 -

modified to reduce damage caused by high voltage transients

generated when column sparks occur.

Experiments with the duoPIGatron source continue.

The source geometry has been varied to gain some insight into

the scaling of this type of source. Beam current from a 3 mm

plasma aperture has increased to 8 mA, for a current density
2

of 110 mA/cm . The measurements of mass fraction reported

previously (PR-P-111, 6.2.1 c); AECL-5614) were found to be

in error; true values are about the same as for a duoplasmatron

at the same current.

d) Alvarez Linac

B.G. Chidley and J.C. Brown

High power commissioning of the triode amplifier of

the rf power supply continues. The amplifier had operated up

to a maximum power of 210 kW but would not operate above this

level because of improper coupling of the load to the output

resonator. The output coupling is not adjustable but the

effective load impedance could be changed by adjustments of

a A/4 shorted stub on each output line. Best operation of

the amplifier occurred with the shorted stubs adjusted to the

A/4 or "do nothing" position although this presented a severe

mismatch to harmonics in the output. The stubs were removed

to verify that the harmonic mismatch was not contributing to

the power limitation.

A limited adjustment of the output coupling loops

can now be made and operation improves as the coupling is

increased.

We concluded that the single A/4 stub could not

perform t-.he required impedance match. A double stub tuner

which fits the main 23 cm transmission line had been

constructed some time ago and is being refurbished to see

if it can solve the problem.
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Frequent measurements of the gas level in the

triode continue to indicate a good vacuum during the test.

The drift tubes were installed in the Alvarez tank

and a preliminary alignment of mechanical position was made

to an accuracy of ± 0.2 mm transversely and ± 1 mm longitudinally.

The tank was sealed and drift tube mountings leak tested and

repaired where necessary. The plumbing for the drift tube

cooling has been completed and the electrical interconnections

have been made. The 800 A power supply is being prepared :o

power the drift tube quadrupoles during measurement of

magnetic centres.

The magnet coil in drift tube # 19 is shorted to

ground so a replacement is being fabricated.

The beam stop cooling system was constructed

excepting interconnections to the beam stop which are still

being fabricated.

6.2.2 Electron Test Accelerator

J.S. Fraser

This 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) High Power Rf Sources

J. McKeown

The 100 kW klystron, S/N 102 returned to the

manufacturer for repair last May, has been returned.

During initial acceptance tests, a defective electromagnet

that gave rise to excessive body current was replaced. The

klystron was then run at 100 kW for several hours and its

performance met all our specifications.

The 100 kW klystron, S/N 101 delivered 18 months

ago, developed a high gas pressure which exceeded the
-4

recommended operational limit of 10 Pa. After running the
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filament continuously for two weeks the pressure suddenly

dropped to 10 Pa. The klystron has since been used at

50 kW with the Model 3 structure. No satisfactory explanation

of the sudden improvement has been found.

We now have three operational 100 kW klystrons.

Two 75 kW klystrons, purchased from the U.S. Air Force, have

yet to be tested.

b) Klystron Test Stand in Bldg. 467

J. McKeown

Klystrons must be operated regularly if a lengthy

commissioning process is to be avoided. Also much high-power

rf testing to support the accelerator program can be done

with non-resonant loads. Because both operational sockets

in Building 610 are committed to operating the two

accelerator structures, it has been decided that the test

stand in Building 467 previously used for amplitron and

magnetron development should be converted for klystron test

use. The 36 kV, 7 A power supply, which had been dedicated

to this stand now becomes incorporated into the Building 467

modular power-supply safety and control system.

This power supply was completely rebuilt; it has

operated successfully without a load. The design work is

complete to provide patching facilities within the modular

supplies.

Work on the klystron test stand is about 80S com-

plete. The heat exchanger has been cleaned, rebuilt and

incorporated into the stand and the secondary system has been

run. Wiring and installation of the service interlocks and

fast trips are 80% complete. Components for the rf drive

system h ;<ve been procured and installation begun. The crow-

bar system is installed but not yet tested.
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c) Model 3 High Power Commissioning

J.S. Fraser, J. McKeown and G.E. McMichael

Tests to condition this B=l structure have begun.

So far, power has been limited to 50 kW because of excessive

temperature of the tuner in the bridge coupler. The system

has been temporarily shut down to add extra cooling

to the tuner from the bridge coupler cooling circuit. The

temperature control of Model 3 is done exclusively by the

computer. Development of a successful control algorithm is

not yet complete.

During the start-up, 35 parameters are read and

recorded by the computer including temperature distribution,

calorimetry, rf field monitoring and power monitoring. The

computer also provides an on-line graphic display of simple

functions and correlations between the variables. The

analysis of this data has not started but early measurements

indicate that power is distributed as expected.

Commissioning of an accelerator consists of over-

coming secondary-emission avalanche breakdown which when

resonant with the rf field is referred to as multipactoring.

The result of the breakdown is a rapid rise in gas pressure

and in reverse power. In the commissioning of Model 3, gas

pressure and reverse power bursts were observed which are

apparently not resonant in that they occur over a wide

range of rf power levels. Model 3 commissioning has been

greatly facilitated by inserting a titanium sublimation pump

in the structure vacuum manifold. The length of time,

frequency and threshold pressure at which the sublimation

pump is energized are under computer control. The frequency

of the reverse power bursts and the average gas pressure ir

significantly reduced with the use of the sublimation pump.

Pulsed power, found necessary in previous conditioning, was

dispensed with in the recent run.
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d) Beam Position Diagnostics

(i) Beam Profile Wire Scanner

P.W. James and J.S. Fraser

Calculations are being carried out to determine the

operational limits of wire scanners for measuring the electron

beam i rofiles.

A program has been written to determine the per-

centage of beam power absorbed by a wire scanner as it passes

through the electron beam. The fraction of the input energy

stopped in the scanner wire is determined from range-energy

tables.

These results are then used to estimate the

temperature of the scanner wire as a function of beam current

for various scanner designs. Two designs based on solid

scanner wires and on small water-cooled tubes are being con-

sidered.

Praliminary calculations indicate that a 1 mm

diameter L^agsten rod absorbing energy from an electron beam

at the rate of 5 kW will melt in 10 is; the wire will absorb

33% o± the power in a 2 mm diameter, 4 MeV beam. In the wire

scanners now installed, the 1 mm diameter wires will sweep

across a 2 mm diameter beam in 10 ms. Thus their current

limit for a 4 MeV beam will be 1.25 mA.

(ii) Bi-modal Cavity

J. McKeown

The S-band bi-modal cavity is designed to excite

two simultaneous orthogonal TM.._ modes when the beam centroid

is displaced from the axis. The four tuners actuated through

small bellows were fabricated and tested during the period.

It was found that the steel tuners in a high electric field

position dissipate most of the power in the mode. A different

design using slotted beryllium-copper discs attached with

copper screws was tested. This works well and both modes can
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be excited with a probe on axis and the frequencies can be

adjusted independently. One mode-coupling probe using

Cermaseal high-vacuum feedthroughs and Mini-CONFLAT flanges

has been tested. It did not disturb the mode. The cavity

has now been sent for final machining to resonate at the

third harmonic of the accelerator frequency.

e) Computer Data Acquisition and Control System

J.S. Fraser and G.E. McMichael

(i) Hardware

A malfunction of the disk head destroyed the head

and disk pack causing a three-day shutdown. This was the

first catastrophic disk failure in over four years of con-

tinuous operation.

A second disk drive has been installed, doubling

the disk storage to 5 megabytes.

(ii) System Software

A major revision of the batch processing system

has been completed. In addition to simplifying program

development, full compile-load-and-go facilities are provided.

(iii) Data Acquisition and Accelerator Control

The data acquisition programs have been revised to

handle up to 240 analogue lines per scan and to include

structure frequency {available only as a binary-coded

decimal signal) in such a way that the operator can treat it

on the same basis as the analogue data.

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 checks

of neutron and fissile material production in spallation

targets for a neutron factory. The results are being corre-

lated with calculations being carried out at CRNL.



- 115 -

a) Experimental

(i) Irradiation

The beam spot size at the target has been sub-

stantially reduced by modifications in the TRIUMF 4A beam

line. The windows used to isolate a liquid deuterium target

have been mounted on valves to facilitate their removal from

the beam line when the liquid deuterium target is not in use.

This has resulted in a beam spot (> 95%) of 6 mni x 6 mm at

the target position used in this work.

Several additional target configurations have been

added to the experimental program (see Table 6.2.3.1, last

two rows). Other configurations, utilizing a light-element

central rod have also been proposed, but will require a

different experimental arrangement to ensure that the proton

beam is stopped in this rod. The rate of irradiations in

this quarter exceeded the rate of analysis.

(ii) Self-powered Detector

In a previous report (PR-P-111, 6.2.3 b ) ; AECL-5614),

mention was made of a large negative signal observed from the

inner portion of the self-powered detector array when the

associated electrometer was used in the "current" mode. This

signal was attributed to prompt gamma-rays incident on the

detector.

To further investigate this effect, a second electro-

meter was connected so that both portions of the detector

array could be monitored simultaneously.

In a subsequent irradiation, the negative signal

was also observed when the electrometer was operated in the

"voltage" mode. The beam spill just downstream of the target

tank was observed to be somewhat hi^h^r than in previous

irradiations. Accordingly, the alignment of the target and

monitor were checked and found to be in error. While the

cause of the error remains unclear, a check of records of the
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Table 6.2.3,1 Neutron Leakage Measurement Summary

Number of
Target rods

Target Energy

Pb
10.2 cm diameter
(4")

Pb
3.8 cm diameter
(1.51")

Th
4.2 cm diameter
(1.65")

U
3.2 cm diameter
(1.275")

UOo
2.5 cm diameter
d.O")

Pb-central rod
+ U outer rods

Pb-central rod
+ Th outer rods

1

480 350

-

-

-

-

7

480 350

-

/ /

/ /

/ /

-

0 0

0 0

19

480 350

-

-

/ /

-

0 0

0 0

37

480 350

-

-

-

0 0

0 0

-

/ = completed

0 = not completed

Note: For all targets, two irradiations are done at 480 MeV,

one using cadmium boxes for the gold foils. Targets

listed below double line are those recently added to

experimental program.
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self-powered detector output from previous irradiations indi-

cated no such signal. Consequently, only the two irradiations

where the negative signal was first observed are considered

invalid.

After realignment of the target-monitor assembly, no

negative signal was observed unless the beam was deliberately

steered off-centre. This absence of a negative signal is, in

fact, now quite useful as a monitor of the beam alignment.

b) Equipment

(i) Computer System

The NOVA computer system to be used for X- and

y-ray spectroscopy in the conversion measurements is

presently undergoing final testing. At present, one ADC inter-

face, which can multiplex as many as eight input signals, is

available. Software for collecting data into a histogram

display, as well as writing the data directly onto magnetic

tape, is now complete. The system will be installed at

TRIUMF within the next month. After final testing, additional

interfaces will be constructed and installed.

(ii) Sample Changer

The mechanical design, essentially the same as one

in use at CRNL for a number of years, is currently submitted

to the Simon Fraser University (SFU) machine shop. The

associated electronics, also to be constructed at SFU will

allow control of the unit by the NOVA computer system.

(iii) Target Storage Facility

After some initial minor difficulties, this unit

has been in regular use for the storage of target rods and

for assembly and dis-assembly of the various target arrays.

Personnel radiation exposures while using the facility have,

to date, been negligible.
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c) Calculations

Following discussions with J.S. Fraser and

P.M. Garvey of CRNL, work is underway by H. Blok of SFU

towards potential improvements in the CRNL program MC74 isee

PR-P-103, 2.24; AECL-4931) associated with the fertile-to-

fissile conversion experiments. Approximately 100 cascades

are being run on the SFU IBM 370/155 computer using the VEGAS

and ISOBAR codes for the prompt interactic •:•. between U and

500 MeV protons. This- will determine running costs of

possible more extensive calculations using these codes. The

de-excitation stage will be calculated with the ALICE

(Rochester) and FISMAP (SFU) statistical model (evaporation

plus fission) codes for U nuclei at 200 MeV excitation and

with a rectangular angular momentum distribution 5 On units

wide. If the inclusion of angular momentum effects warrant,

optimization of FISMAP will be proposed to reduce operating

costs.

6.3 Research Applications

6.3.1 Fast Intense Neutron Source (FINS)

J.D. Hepburn, B.G. Chidley and J. Ungrin

Development of the 4 x 10 14 MeV neutron/s

source for the Biology Division continues.

Experiments with an electron beam, as described in

PR-P-109 (AECL-5508), continued on the Mark II column.

Table 6.3.1.1 shows that electrodes shielding the inside of

the ceramics from soft X-radiation produced by electrons

accelerated up the column greatly reduce the sparkdown rate.

A duoplasmatron ion souice with a 6 mm plasma

aperture, capable of currents between 2 mA and 12 mA, has

been reliably operated in the accelerator. In 26 hours of

operation, the column current- and voltage-conditioned

rapidly to the point where, with a 275 kV, 12 mA beam,
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Table 6.3.1.1 Effect of Internal Electrodes on

the Column Sparkdown Rate in the

Presence of an Electron Beam

Electrode Type Sparkdown Rate

none £ 30/h

1.5 mm stainless steel ^ 2/h

1.5 mm stainless steel with
6.5 mm copper added 'v* 0.3/h

average sparkdown rates of ^ 0.6/h were achieved; conditioning

was still progressing. The corresponding value for the

original (Mark I) column wa-3 <v 10/h with no conditioning

apparent. During beam trials improvements to operating

procedures and electron suppression techniques were

established.

A difficulty in starting the ion source arc which

has always been present was traced to cross talk between the

arc and coil power supply regulators. The coil supply was

replaced by one with manual control and this has resulted in

improved starting, better reliability and no apparent los~

in ion source control.

The high voltage power supply has consistently

suffered damage, caused by sparkdown transients, to surge

limiting resistors in the raw supply and in a ripple reducer

circuit. The main surge limiter was redesigned and the

entire ripple reducer removed. Numerous overcurrent trips

which occurred during column conditioning have caused neither

internal sparking nor damage. Small sparks in the column can

be tolerated without a shutdown due to an overcurrent trip.

Removal of the ripple reducer leads to a small transverse

oscillation of the beam downstream from the analyzing magnet,

but the oscillation is tolerable at the present current level

of 12 mA total beam and might be tolerable up to full current.
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Redesign of the ripple reducer to withstand breakdown

transients has been deferred.

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 still scheduled for the fall of 1977.

a) Building for Experiments

J.H. Ormrod

The extension to Bldg. 467 to house the cyclotron

model is virtually completed with only minor painting and

electrical work and installation of the permanent door

remaining.

b) Cryogenic Systems

J.A. Hulbert

During the current report period 2500 litres of

liquid helium were produced, and were used mostly for short

sample tests of magnet conductor.

Some liquefier time has been spent on further tests

on the refrigeration rate measurement system. We now have a

better understanding of the behaviour of the superconducting

level sensor under the variable, high velocity gas flow

conditions occurring during liquefaction; the digital control

hardware now operates reliably and it remains to fit the

control algorithm better to the natural delays and fluctuations

of the system. The final object of the refrigeration rate

tests is to define operating conditions for the optimum

production rate at both liquefier outlets simultaneously,

under various states of loading. Attempts to date to run

both outlets simultaneously, using the-manufacturer's

instrumentation only, have not been particularly successful
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and indicate a posssible heat leak into the rear

('refrigeration') outlet.

To overcome problems of atmospheric water absorp-

tion through the recovery system gas bag, a replacement metal-

walled, oil sealed gas holder has been designed.

A 5000 A current supply and water-cooled load has

been set up for magnet lead tests. Arrangements have been

made for preliminary room temperature tests and a cryostat

for the low temperature tests has been fabricated, tested,

insulated and is ready for use.

The cryopump test tank has been delivered and has

been set up with its auxiliary vacuum system ready for tests.

The cryopump baffles are being surface finished before final

assembly.

Detailed design of the main cryostat is nearing

completion.

c) Magnet

(i) Orbit Dynamics

E.A. Heighway

The hill and skirt geometry have been frozen. The

difficulty in attaining 50 MeV/u for carbon because of

imaginary v has been overcome by not using the main magnet

coils current-split in a direct fit to the isochronous

field - instead the split is used to fit to a field with an

anisochronous tilt which is counterbalanced by the trim rods

to regain isochronism. In this way large rod amplitudes at

outer radii can be reduced at the cost of increased rod

amplitudes at inner radii. v is improved dramatically at
z

the outer radii for an insignificant loss in focusing at

inner radii.

The consequences of v 'holes' (radially local

regions wher^ v approaches or becomes less than 1) has been

examined in some detail. "Acceleration" runs through the
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holes do show retrograde precession where v < 1 but with

immediate return to normal precession with no amplitude

growth. The effect of adding a first harmonic B error of
z

amplitude 1 mT is very small. No amplitude growth is

observed until the normal radial resonance is reached in the

last few turns. The introduction of a 10 mT second harmonic
B error field shows the expected elliptic elongation of thez
cyclotron orbits and emittance but even at beam half widths

up to 3 mm there was no significant phase space distortion

indicating an even larger stable region.

Detailed calculations of the error fields due to

dimensional and position errors in the flutter poles, trim

rods and main coils have been completed. Such errors give

rise to changes in B and introduce transverse field (e.g. B )
Z 37

as well as harmonic components in B and B . The tolerable

errors depend in detail on the cyclotron tune up procedure

and the tightest tolerances will be those associated with

reproducibility of the fields for a given ion-energy. At

present no unacceptably tight tolerances have been found.

(ii) Yoke

Q.A. Walker (Civil & Mechanical Design Branch)

1) Yoke

Delivery of the yoke is scheduled for early March,

1977. Most of the welding is complete, the pole pieces ha' e

been stress relieved and some final machining processes are

in progress. Defects in the steel were uncovered during

machining and ultrasonic examination was used to map their

extent. Where defects might affect the vacuum integrity they

have been repaired, elsewhere they have been accepted. Mag-

netic testing on samples of steel from the pole discs showed

no significant differences in the saturation magnetization

^nd no particular orientation was required in the make-up c f

the pole. No unacceptable stresses appeared in a detailed
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analysis of the end ring welds. A stand to support and

rotate the 20 ton pole for maintenance is complete.

2) Wooden Mock-up

A mock-up of the top surface of the pole has been

detailed and is being assembled. It will be used to assist

in the layout of equipment on the pole surfaces which are

congested.

3) Hills and Hill Plate

Detailed drawings of the hills and plate are com-

plete with the exception of tolerances which are under study.

A specification for the fabrication of these items has been

drafted.

4) Trim Rods

Detailed drawings of two prototype drive units are

complete. A number of options such as ball screw drives have

been considered. A work order has been issued for fabrication

of the first unit.

(iii) Superconducting Coils

H.R. Schneider

1) Superconductor

Thirteen reels each containing two 460 m lengths of

superconductor have been received. Four reels remain to be

delivered.

Samples, about 0.3 m long, taken from both ends of

each 460 m length are provided by the manufacturer. These

are X-rayed to check the quality of solder bond between the

superconductor insert and the grooved copper strip, and also

used for critical-current measurements using the short

sample test apparatus (see PR-P-105; AECL-5121, pp.143).

To date, critical-current measurements on ten

samples are complete. These have satisfactory critical
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currents in the range 3700 A - 405J A at 4.2 K and 4 T, when

oriented so the transverse magnetic field is parallel to the

broad dimension of the sample. At this temperature and

magnetic field the critical current is specified to be

greater than 3400 A.

2) Coil Winding

Coil winding is now in progress. Two of the required

32 double pancake coils have been completed. Figure 6.3.2.1

shows the first double pancake coil being removed from the

winding table.

On the basis of experience gained in winding the

two coils it is expected that a production rate of between

one and two coils per week is possible with one two-man

shift.

d) Accelerating Structure

C.B. Bigham

Construction is well along on the centre conductor

and webs for the dees and work has started on forming the

liners. Machining of flanges and tuner seal components is

also well along.

Quotations were issued for the main 100 kW rf power

amplifier and solid state driver amplifiers. The frequency

synthesizer order has been issued.

The automatic frequency control circuits, automatic

voltage control circuit and reverse power protect circuits

have been improved. High power testing is held up by a tube

failure in the Collins 205G 20 kW amplifier.

f) Injection

(i) Chopper

J.H. Ormrod

It has been assumed that a chopper would be located

in front of the cyclotron to clean up the wings of the bunched
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Figure 6.3.2.1 First superconducting coil being
removed from the winding table.
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beam to give the desired 3° phase width. Indeed, the beam

transport system has been designed to provide the necessary

vertical waists to accommodate such a chopper. Unfortunately,

a conventional chopper operating in the vertical plane is

incompatible with the beam optics and introduces an intolerable

phase spread at the stripper foil.

The problem arises because off-axis particles

experience an acceleration on entering and leaving the chopper

plates. The total energy spread so introduced can be an

order of magnitude greater than the high-energy buncher

voltage, hence the undesirable phase spread is not surprising.

The chopper is not essential to the accelerator' ;

operation but without it, the unwanted particles circulating

in the cyclotron will increase the power dissipated on the

septum of the extractor and further cloud the diagnostics.

Also, some alternative technique will be required to properly

phase the buncher cavities. The possibility still exists of

operating a conventional chopper in the horizontal plane

using the dispersion of the final bending magnet and the

cyclotron; this possibility is being investigated.

(ii) Injection Dipole

K.C. Chan and J.H. Ormrod

A dipole has been designed to deflect the incoming

ion beam onto the proper trajectory to intercept the stripping

foil at the correct radius. It will be located inside the

cyclotron yoke at a radius of 1.24 m and on the axis of

the injection hole. The poles are 50 mm wide, 150 mm long

with a gap of 20 mm. The computer code TRIM was used to

verify that the dipole can produce a magnetic field range of

1.3 Tesla to give the ion beam the required steering range

of 4°. The power needed to drive this dipole is approximately

1 kW. The beam spread introduced at the stripping foil is

calculated to be less than 0.02 mm which is negligible com-

pared to the original width of the beam.
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(iii) Foil Changer

D.L. Beaulieu (Civil & Mechanical Design Branch)

Detailed design of a magazine and transfer system

is currently underway. The magazine geometry (PR-P-108;

AECL-5315) has been changed to simplify foil transfer to the

chain. Tests will be conducted shortly to optimize foil

holder geometry for loading and storing. The construction of

a prototype foil changer system is scheduled for early 1977.

g) Extraction

C.R.J. Hoffmann

The non-linear change of magnetic field with radius

near a hill edge, where the first segment of the split mag-

netic channel is located, causes significant distortion in

the calculated radial emittance diagrams of low rigidity beams.

This distortion appears to be adequately compensated if a

thin piece of iron (cross section 2 mm x 10 mm) is positioned

between 10 and 20 mm radially outward from the channel center

and runs ti.e length of the first segment.

Preliminary calculations of the acceptance of the

extraction system, adjusted to transmit 50 MeV/u carbon, yield

axial and radial acceptances of > 30 ir mm-mrad and £ 6 tr mr-.-mrad

respectively.

Effects of trim rod height errors on setting the

azimuth of a 0.5 mT first harmonic extraction bump have been

examined. It was assumed that the magnetic field amplitude

of the outermost rod set was -50 mT for isochronism. For

the worst error distribution the rod pair relative heights

must be uncertain to less than 1.3 x 10 mm to place the

field bump within ± 6° of the desired position. This

appears achievable.
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6.3.3 Thick Target Neutron Yields and Spectral Distributions from

the Li( ,n) and Be( ,n) Reactions

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

C.B. Bigham, J.S. Fraser and H.R. Schneider and T.K. Alexander,

A.J. Ferguson and A.B. McDonald (Nuclear Physics Branch)

See PR-P-112: 3.14.

6.4 Mechanical Laboratory

J.E. Anderchek

The Mechanical Laboratory operates the machine shop

and furnaces in Bldg. 145 and carries out mechanical con-

struction, assembly, repairs and vacuum testing for the

Accelerator Physics Branch and the Reactor Physics Branch.

Total laboratory time breakdown in the quarter is

as follows:

Accelerator Physics Branch - 96.3%

Reactor Physics Branch - 3.7%

6.4.1 High Current Test Facility

Repairs were made to the filament power supply for

the final amplifier of the rf system. The water-cooled

bridge rectifier conductor assemblies were rebuilt to correct

water leaks at the junction of the rectifier heat sinks and

the filament lines. Additional supports were installed on

these lines to avoid mechanical stress on the bridge con-

ductors.

Modifications were made to the 100 ohm output

transmission lines of the final rf amplifier. To accommodate

removal of the A/4 coupling adjustment stubs, the tee junction

was removed and 90° elbows were fabricated and installed.

Also minor modifications were made to the tuning drive for

the final amplifier output resonator.
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Assistance was provided in the assembly and align-

ment of the Alvarez tank with the fabrication of quadrupole

alignment cells, special plumb-bobs and a new optical support

was assembled and installed on the telescope stand.

Two stress relieving rings for electrodes in the

injector accelerating column, a pepper pot aperture plate

for the emittance measuring unit and special vacuum gaskets

for various beam lines were made.

A considerable amount of work was done for the ion

source test stand which included fabricating a new inter-

mediate electrode and repairing or modifying three others

along with replating two anodes. A FINS style coil former,

an electrode and six magnet spacers for a multipole source

and a zwischen electrode for a reflex arc source were also

fabricated.

6.4.2 Electron Test Accelerator

Improved water-cooled shrouds were made for sub-

limation pumps used on the accelerator vacuum manifolds and

various vacuum fittings were made to accommodate new magnetic

gap lenses on the beam line.

A redesigned apparatus was fabricated for bead pull

measurements together with two 805 MHz voltage controlled

phase shifters and a stepping motor controller assembly for
1 the modular high voltage power supplies.

6.4.3 Fast Intense Neutron Source

Much of the work in the quarter concentrated on

fabrication of a new ground electrode and a suppression

electrode, and on modifications to existing column electrodes.

Fittings for water resistors on the column were also made.

Resistor bushings and a spark gap were made for the

high voltage power supply, while a new window and inner con-

ductor section were made for the high voltage cable.
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6.4.4 Heavy-Ion Superconducting Cyclotron

A number of parts and modifications to the coil

winding lim have been made. These include remachining the

winding table mandrel to correct a dimensional error, con-

struction of a conductor hold down for the winding table and

fabrication of various small tools and jigs for coil winding.

Assistance was provided for development work on rivet attach-

ment to superconductor coils and also for winding the firs1:

superconductor coil.

A six inch diffusion pump vacuum system for a helium

cryopump test rig was built and assembled together with

various small bits of hardware for transfer tube fabrication.

Modifications v/ere carried out to a probe capacitor

for a A/4 resonator, a sliding short and a high current water

immersed stainless steel load for dc power supplies to be

used on tests of cyclotron magnet leads.

6.4.5 Reactor Physics

Counting Room

Two special sample changer foil trays for standard

sources along with several hundred aluminum foils for sample

canisters were made.

ZED-II Reactor

A lifting tool was modified and special fuel end

caps were constructed for demountable ThO_-UO_ bundles used

for Douglas Point fuel experiments.

Heavy Water Tests

Five transducer molds for ultrasonic flow meters

and two transducer brackets were fabricated for this program.
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6.5 Publications, Reports, Papers, Lectures and Patents

Reports

HIGH CURRENT PROTON LINEAR ACCELERATORS AND NUCLEAR POWER
P.R. Tunnicliffe, B.G. Chidley and J.S. Fraser
AECL-5622 (also PASS-10-4) November, 1976.

Papers

INTERACTIVE PROGRAMS FOR STORAGE AND GRAPHICAL DISPLAY OF
ANALOG DATA
G.E. McMichael, J.S. Fraser and M.J. Kropar
Paper presented at the Fall Meeting of Interchange, The
Interdata Users Group, West Long Branch, New Jersey,
October 13-15, 1976.

Lectures

ELECTRICAL BREEDING EXPERIMENTS AT CRNL
J.S. Fraser
Presented at Chemistry and Materials Division Colloquium,
CRNL, October 19, 1976.

REPORT ON THE SIXTH IAEA CONFERENCE ON PLASMA PHYSICS AND
CONTROLLED NUCLEAR FUSION RESEARCH, 6-13 OCTOBER, 1976,
BERCHTESGADEN, FRG
C.R.J. Hoffmann
Presented at Physics Division Colloquium, CRNL, 21 October,
1976.

ACCELERATORS AND SPALLATION TARGETS FOR ELECTRICAL BREEDING
J.S. Fraser
Presented at Fermi National Accelerator Laboratory Colloquium,
Batavia, Illinois, November 17, 1976.

THE CHALK RIVER SUPERCONDUCTING CYCLOTRON - REVIEW AND STATUS
J.H. Ormrod
Presented at Physics Division Colloquium, CRNL, 17 December,
1976.
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