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SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

One of the high gradient accelerating tubes is

being returned to the supplier for correction of an

electrode defect. The corrected tube is expected to improve

the transmission of the MP by a factor of two for light ions

and more for heavy ions. A new beam deflector for time-of-

flight and nuclear isomer studies has been installed. The

accelerator showed a significant reduction in unscheduled

shutdown time during the quarter.

Experiments running 1311.6 hours 59.4%

Scheduled shutdowns 548.9 hours 24.9%

Unscheduled snutdowns 347.5 hours 15.7%
2208.0 hours 100.0%

Twelve experiments were performed involving CRNL

and 11 visiting scientists. The visiting scientists were

involved in experiments occupying 80% of the beam time and

their participation averaged 65%.

Research Activities

A systematic study of magnetic moments (g-factors)

and y-ray decay properties of levels in radon isotopes is

being made. Part of the study is addressed to the examination

of small higher order moment effects in certain isomeric

states. Gamma-ray transition energies are found to be

consistent with theoretical calculations.

A new technique for measuring accurate relative

nuclear electric guadrupole moments of excited states by ion



recoil into hexagonal close packed crystals with known

or calculable electric fields is being developed with

the hope that accurate absolute values may ultimately be

obtained. To date the quadrupole moments of several excited

states of cadmium nuclei have been studied.

The mass of C has been determined and found to

be in good agreement with the predictions of a theoretical

mass formula.

A program on the fast chopper, NRU, to study Y-ray

transmission resonances with incident y'^ays produced by

capture of epithermal neutrons has begun.

1,2 Accelerator and Applied Physics

Linear Accelerator Conference

Accelerator Physics Branch hosted the 1976 Proton

Linear Accelerator Conference, September 14-17. Over 80

non-AECL scientists and engineers from nine countries

(including Canada) heard some 60 papers on research and

development in linear accelerators and associated systems.

The proceedings will be published as an AECL report.

Research Applications

A new accelerating column has been installed in

the Fast Intense Neutron Source and has been tested to full

voltage without beam.

The heavy ion superconducting cyclotron modelling

program included the following developments:

- the building extension to house the model has

been enclosed and the 30 tonne crane installed,

machining of the yoke walls and end rings is in

progress,

a double pancake test coil has been wound,

- fifteen of the thirty-four lengths of super-

conductor have been soldered to the stabilizing

backing strips.



- machining of the full-scale model of the rf system

has begun,

the first of two computers for the Tandem and

cyclotron control system has been ordered,

progress is being made in design of the Tandem-

cyclotron beam transport system,

- a promising approach for a beam phase probe is

under development.

Nuclear Power Applications

The 400 kW rf amplifier of the High Current Tes;

Facility has been tested at 200 kW. The 750 kV accelerating

column was dismantled to investigate spark tracking on the

insulators and to make minor modifications. It is now reassembled

and experiments have been resumed; the effects of changes

have yet to be determined. Emittance measurements on the

750 keV beam show that ^10% of the beam has an emittance

several times that of the main component.

The peak energy modulation produced by the Electron

Test Accelerator buncher has been measured at the optimum

buncher power and found to agree with the value calculated

for most effective bunching using a beam dynamics program.

The beam line for the second tank has been assembled

preparatory to commissioning the tank.

In the fertile-to-fissile conversion experiments at

TRIUMF, measurements of the neutron leakage have been made

with 7-element targets of Pb, Th and depleted U at 350 and

480 MeV proton energy. Pb target data taken at SCO KeV have

been analyzed and found to agree with the calculated value

within the experimental error.

1.3 Solid State Physics

Studies of the structure of nucleic acid bases and

their sensitivity to ultraviolet radiation are continuing.

Single crystals of cytosine monohydrate have been grown and

these will be used in further studies of the lattice dynamics

of DNA-related compounds.



Strong effort has been put into studies of

elastic and quasielastic neutron scattering of crystalline

and magnetic systems in order to obtain structural information

and to establish characteristics of the critical scattering

which occurs near phase transitions. In an experiment on

uranium nitride in collaboration with the Argonne National

Laboratory it was established that the magnetic critical

scattering shows an anisotropy that does not display cubic

symmetry even though the crystal structure is cubic. Elastic

or quasielastic scattering studies were also made on

SF6. K2OsCtg, KNbO3, WCt^, UO2 and, in a cooperative experiment

at Brookhaven National Laboratory, the magnetic system.

Inelastic neutron scattering was used to study the

lattice dynamics of KNbC>3 and GaS and, in a collaborative

experiment at the Institut Laue-Langevin, Grenoble, France,

to measure accurately the energy of a "roton" in superfluid

liquid helium.

1.4 Detectors

The program to grow single crystals of CdTe suitable

for detector applications is continuing with improvements in

growing and testing procedures. Tests have indicated that

the relevant electronic properties of these crystals do not

deteriorate at least on a time scale of several months.

A unique germanium-counter telescope for detecting

positrons and electrons in nuclear physics experiments has

been developed.

A quadrupole lens system has been designed as part

of a time-of-flight spectrometer for alpha-particle diagnostics

in laser-fusion experiments at University of Rochester.



1.5 Applied Mathematics and Computation

The data base of Pickering 3 and 4 Zr-Nb pressure

tube chemical and physical properties was extended, and a

statistical analysis of the data was completed.

Work has continued on the development of a model

of the G-l primary steam system; the model has been extended

to include the re-heaters for the steam supply for the

La Prade heavy water plant.

Statistical procedures for the analysis of measure-

ments of foaming at the Bruce heavy water plant have been

derived.

A new version of the MARC stress analysis program

has been received, and currently is being tested. The MARC

program was used to calculate stresses in the cover rim of

the gas impeller used in AECL's heavy water plants, and is

being used in a stress analysis of the end rings of the

heavy-ion superconducting cyclotron.

The PORSIM system for the numerical solution of

differential equations was made more flexible by the addition

of an option giving the user control over the size of arrays,

thus allowing the memory requirements of the system to be

tailored to problem size. The development of better techniques

for integrating over discontinuities in sets of ordinary

differential equations has continued, and a new suggestion

for more efficient handling of non-linear boundary conditions

for partial differential equations is being investigated.

The repertoire of quadrature routines in the

Computing Centre's mathematical subroutine library has been

evaluated, and a number of modified and new routines have been

tested and prepared for inclusion in the library.

Miscellaneous programs and subroutines developed or

modified during the quarter include:



a program to produce a graphical history of

enrichment unit operation for the Bruce Heavy

Water Plant,

- programs for copying, decoding and listing sets

of BHWP data,

- new options for the spectrum-fitting program JAGSPOT,

revision of a program for the analysis of activity

in the NPD heat transport system,

a program to convert dati from PDP-9 magnetic

tapes for use by 6600 programs.

The number of terminal ports was increased during

the quarter; for card-reader/printer terminals there are now

14 dedicated-line and 3 dial-up ports, and for keyboard

terminals, 22 dedicated-line and 3 dial-up ports. New card-

reader/printer terminals include Power Projects (Meadowvale)

and Canadian Hestinghouse. New users of the Computing Centre

via keyboard terminals include Port dawksbury and Glace Bay

heavy water plants.

The total workload of 74,671 jobs for the CDC-6600

computer during the quarter was distributed as follows;
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Nuclear Physics Branch

J.C.D. Milton

2.1 Staff

2.2 Accurate g-factors in Radium and Radon Isotopes

2.3 Measurements of Gamma Decays and g-factors of Isomoric
States in 2l2Rn, 213RD

2.4 A 21/2* iBomer in 105Cd

2.5 Quadrupole Interaction in Hexagonal Close Packed
(HCP) Crystals

2.6 Quadrupole Moments in Cd Isotopes

2.7 A Computer Program for Heavy-ion Induced Fusion
Calculations

2.8 A Study of the (He, He d) and (a,a d) Reactions
on 6,7Ld

2.9 The Mass of 17C
24

2.10 Study of the Lowest T = 2 Level of Mg as an Isospin

Forbidden Resonance

2.11 Band Mixing in 169Tm

2.12 Search for High Spin Isomers - Pulsed Beam Techniques

2.13 A New Series of Beta-delayed Proton Precursors

2.14 Tz = 1/2 Beta-delaye-d Proton Precursors, I:
 69Se

2.15 The Ta = +1/2 Series of Beta-delayed Proton Precursors,
II: "3Kr and 81zr

2.16 Statistical Model Calculations of Beta-delayed Proton
Spectra

2.17 The Use of an Intrinsic Germanium Counter Telescope to
Detect Energetic Positrons

2.18 The Chalk River Helium Jet and Skimmer System

2.19 A Fast Tape Transport System for Use with On-line
Separators

2.20 High E.iergy Chopper

2.21 Statistics for the Analysis of Measurements of
Foaming at the Bruce Heavy Water Plant

2.22 Transmission of a Quadrupole Lens System

2.23 Electronics, Computers and Instrumentation



2.24 Target Preparation

2.25 HP Tandem Operation

2.26 Computer Aided Control System for the Superconducting
Cyclotron and MP Tandem Accelerator

2.27 The Design of the Bean Transport System for the
Superconducting Cyclotron

2.28 Development of a Beam Phase Probe for the Super-
conducting Cyclotron

89

2.29 Determination of the Gamma-ray Intensity in Sr

2.30 Recalibration of the ivy Ion Chamber for Sc

2.31 Ion Chamber Response for JBa

2.32 Standards Issued

2.33 Miscellaneous Services

2.34 Coulomb Corrections to Fermi Beta Decay
2.35 K-shell lonizatlon in Heavy ion-atom Collision: Single

and Multiple Collision Processes
2.36 Publications and Lectures



2.1 Staff

10

Branch Head: j.C.D. Milton

Professional Staff Technical Staff

SECTION I

J.
T.
6.
J.
W.

A.
J.
J.

K.
A.

C.
K.
C.
R.
G.
T.
J.
S.
C.
0.
0.
P.
B.
W.
D.

D. Milton (1)
Alexander
Ball
Beene (2)
Davies
Faestermann (2)
Ferguson (3)
Forster
Hardy (4)
Hausser
Horn (5)
Jackson (6)
McDonald
McLatchie (7)
Ward

SECTION II

R.
H.
J.

L.
R.
S.

Graham
Andrews
Geiger (8)

Accelerator Group

J.A.
N.C.
R.L.
L.H.
J.L.
J.J.
R.E.

A.S.C.
K.T.

J.P.D.
A.R.
F.J.
R.A.
R.B.
B.C.
D.J.

Barsczewski
Bray
Brown
Bucholtz
Gallant
Hill
Howard
Hyde
HcKee
0'Dacre
Rutledge
Sharp
Surette
Tomlinson
Waito
Yaraskavitch

Beta Ray Group

W.L. Perry
L.V. Smith
R.B. Walker

SECTION III Radioisotope Standardization Group

J.S. Merritt (9) F.H. Gibson

Students & Summer Visitors

J. Atkins (10)
K.P. Hamilton (
E.T.H. Clifford

A. Heavenrich (13)
G.D. Sprouse (14)

(12) R.E. Warner (15)
M.N. Wightman (16)

Laboratory Services & Workshop

G.M. Boire
M. Desrochers

C. Johnson

Secretarial Staff

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



II

(1) Returned from leave of absence on 3 August,
(2) NRC postdoctoral fellow.
(3) Returned from Niels Bohr Institute on 30 August.
(4) On leave of absence for a period of one year at

CERN (Geneva).
(5) NRC postdoctoral fellow from M.I.T.; arrived 7 September.
(6) Visiting research associate from University of Toronto.
(7) Visiting professor from Queen's University; left

20 August.
(8) On leave of absence at the University of Rochester.
(9) Transferred to professional staff 1 August.

(10) Student; returned to University of British Columbia
on 30 August.

(11) Student; left for McMaster University on 20 August.
(12) Graduate student attached from the University of

Toronto.
U3) Student from Oberlin College; arrived 5 July and

returned 30 August.
(14) Visiting professor from State University of New York

at Stony Brook; arrived 12 July and returned 9 August.
(15) Visiting professor from Oberlin College; arrived 5 July

and returned 30 August.

(16) Student from the University of Waterloo; arrived
7 September.



2,2 Accurate g-factors in Radium and Radon isotopes

J.R. Beene, 0. H&usser, A.B. McDonald, T.K. Alexander and
J.C. Herrlander (Research Institute for Physics, Stockholm)

He have continued our systematic study of small higher-

order effects on the value of nuclear magnetic moments of

(hg/2 proton)" isomeric states (PR-P-109: 2.14, 2.15, AECL-5508).

The size of the effects involved (the order cf a few percent)

requires that local microscopic shifts in the applied magnetic

fields used in the measurements be taken into account explicitly

and accurately.

A previous report described u measurement of the Knight

shift for radium in lead, K(Ra,£b)(PR-P-109: 2.14, AECL-5508).

We have completed the absolute determination of the g-factor of

the (hoy2P
roton) Jn » 8+, tj/2

 = 6 7 va s t a t e i n R a b v a

stroboscopic measurement of the spin precession frequency in a

molten Pb target. A pulsed 72 MeV C beam incident on a thick
206Pb target was used to produce the reaction 206Pb(12C,4n)214Ra.

With a pulse repetition period of 800 ns and a width < 5 ns, the

stroboscopic resonance was observed at an applied field of 0.18725

t 0.00040 T. Together with the previously measured K(Ra,Pb) and

a calculated diamagnetic shielding factor of 1.0191 (Feiock and

Johnson, Phys. Rev. 187 (1969) 39) we obtain g(8+) = 0.8842 *

0.003.

As a first step in determining the absolute g-factor of

the (hQ,,proton)* 8
+ t, ,, * 920 i 20 ns state at 1.670 MeV in

212 ' '

* Rn (see PR-P-106: 3.14, AECL-5226 and references therein) an

accurate time differential spin precession experiment was per-

formed. The reaction Hg{ C,4n) Rn was used, induced by

a 72 MeV J"2c beam pulsed with a repetition period of 12.8 us.

A magnetic field of 0.96455 T was applied and an apparent (un-

corrected) g-factor, g(8+) = 0.8788 ± 0.0010 was determined.

In a related experiment the magnetic moment of the 13/2+

(i13y2neutron) tjy2 = 181 us state at 899 keV in
 207Rn (Rezankaet al., Phys. Rev. C10 (1974) 766) was determined. The reaction

Hg( C,4n) Rn was employed, and the slow pulsing system



I.I

(PR-P-109: 2.8, AECL-5508) used to provide a 72 MeV 1 2C 5 + beam

with a pulse repetition period of i ms and a pulse width of i 1 ps.

Over one hundred cycles of the spin precession pattern were ob-

served in a field of 0.10502 T, and an apparent g-factor of g(13/2 )

= -0.13634 t 0.00040 was deduced.

Experimental determination of K(Rn,Hcj) is required to

complete the determination of these Rn g-factors. A measurement

of K(Rn,Hc[) is planned using the recoil into gas technique (des-

cribed in PR-P-109: 2.15, AECL-5508).

2.3 Measurements of Gamma Decays and g-factors of Isomeric States

In 212Rn, 213Rn
A.B. McDonald, 0. Hausser, J.R. Beene, T.K. Alexander, J.A. Atkins
and C.J. Herrlander (Research Institute for Physics, Stockholm)

Analysis has been completed for excitation functions,

•y—y coincidence and perturbed angular distribution data obtained

from the 204Hg(13C,xn)Rn reaction (see PR-P-106: 3.14). Further

measurements of perturbed angular distributions have been ob-

tained from the 204Hg(12C,4n)212Rn reaction at 72 MeV. In addi-

tion to improved accuracy for the g-factor of the 1670 keV, 8

level of 212Rn (see PR-P-111: 2.2, AECL-5614), this recent

measurement provided evidence on half-lives and g-factors for

two other isomeric states at higher excitation energy, one un-

observed lying above an excitation energy of 6156 keV, the other

at 4570 keV.
212

The observed gamma-ray transition energies in Rn

are consistent with theoretical calculations by J. Blomqvist

(private communication) up to a spin-parity of 19~ at an excit-

ation energy of 5761 keV. Our results are presented in Table

2.3.1 together with the theoretical spin-parity assignments and

energies of Blomqvist.

The 25 ns component observed for the 961 transition

appears to be the result of an unobserved transition from the 17~

level (predicted to lie at 4055 keV) to the 15~, 3970 keV level.



Theoretical
Excitation
Energy j71

(keV)

1671

2630

2854

3981

4055

2*

4*

6*

8*

10*

11"

12*

12*

14*

15"

17"

17"

18"

19"
—

Observed
Excitation
Energy
(keV)

1274

1501

1639

—

2632

2738

2859

3276

3336

3970

—

4570

5102

5761

6156

Table 2.3.

Level Structure

1

of 2l2Rn

Gamma Final
Transition State
Energy
(keV)

1274

227

138

~

961

106

227
538

417

477

634

—

515

532

1042

659

395

0.0,

1274,

1501,

1639,

1671,

2632,

2632,

2738,

2859,

2859,

3336,

3970,

4055,

4570,

4055,

5-102.

5761,

0*

2*

4*

6*

8*

10*

10*

11"

12*

12*

14*

15"

17"

17"

17"

18"

19"

A

0.

0.

-0.

-0.

-0.

-0.

2

28

43

26

,85

24

.20

Isomeric
g-factor
Observed

1.03 ± 0.02

0.70 • 0.02

0.705 t 0.012

0.6i7 + 0.02

0.704 4 0.012

0.685 t 0.015

0.696 ± 0.010

Isomeric

Observed
(ns)

25 ±

113 ±

110 *

114 ±

123 ±

108 +

121 +

4

5

6

8

20

6

5
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This 17~ level is calculated to be predominantly an (h^ ,,'

configuration, for which the g-factor should be 1.03. The good

agreement with the observed g-factor of 1.03 t 0.02 supports this

interpretation.

The y-y coincidence data indicate that the other unobserved,

but potentially isomeric transition (from the 14 , 33J6 keV level

to the 12 , 3276 keV level) has a substantially shorter lifetime

than the 17~ to 15~ transition above.

The configuration of the energy level giving rise to a

t, ._ = 113 ns, g = 0.7 component in the time distributions has not

yet been identified. Future experiments are planned to search for

transitions at higher excitation energy that feed this isomer.

Three isomeric transitions have been identified in Rn.

Gamna rays of energy 898, 134 and 633 keV exhibit t^-2 = 2600 i

100 ns, g = 0.58 i 0.02. Gamma rays of energy 411 and 798 keV

are in prompt coincidence and the 798 keV transition exhibits

= 58 ± 4 ns, g = 0.72 t 0.02. A 52 3 keV gamma ray shows
fcl/2 = 1500 * 200 ns' 9 = °*63 * °'02'

2.4 A 21/2"*" Isomer in 105Cd

O. H'ausser, J.R. Beene, H.R. Andrews and G.D. Sprouse

We have identified an isomeric state in Cd with a

half life, t,,, = 4.5 -• 0.5 us. The isomer was populated by the
92 16 16
Zr( O,3n) reaction using a 56 HeV pulsed O beam and a

2 921 mg/cm Zr target backed by thick Pb. The gamma decay of the
isomer is complex and was found to be in agreement with that

established in a recent in-beam experiment at Purdue (L. Samuelson,

private communication). The uncorrected g-factor of the isomer

was measured by the stroboscopic method, g = 0.872 + 0.003. The

error should be increased to ± 0.005, if uncertainties in the

extrapolation of the Knight shift of Cd in Pb are included.

The g-factor is in good agreement with the value 0.865 ± 0.010,

calculated for a pure 199/2^^5/2 <v) | 2 1 / 2 + quasiparticle con-



figuration. An isomer with similar properties has previously

been found in 107Cd (Hausser et al., Phys. Lett. 52B (1974) 329).

A measurement of the quadrupole interaction frequency for the

iseiner in hexagonal Cd is reported elsewhere (PR-P-l)l: 2.6,

AECL-5614).

A search for possible isomers in more neutron deficient

Cd isotopes has been made using O and N beams on targets of
90 92
Zr and Mo, respectively. Three isomers have been found

whose origin has not yet been firmly identified.

2.5 Quadrupole Interaction in Hexagonal Close Packed (HCP) Crystals

0. Hausser, J.R. Beene, H.R. Andrews and C D . Sprouse

The use of pulsed heavy ion beams enables one to recoil

isomeric reaction products into a suitable host and subsequently

determine hyperfine interaction frequencies by perturbed angular

correlation (PAC) techniques. It has been shown (PR-P-106: 2.3/

AECL-5226) that, for high spin states, narrow vacuum gaps between

target and backing do not introduce substantial deorientation of

the nuclear alignment. The resulting independence of target

and host material then makes it possible to study systematically

quadrupole interactions in hexagonal crystals which produce

axially symmetric field gradients for recoils at substitutional

lattice sites.

Analysis programs have been written to study the frequency

composition of PAC data resulting from axially symmetric field

gradients (see PR-P-111:2.6, AECL-5614). Data originating from

polycrystalline hosts or from single crystals with their c axis

perpendicular to the beam can be fitted. Alignment of the spins

of the recoil nuclei is assumed but modification to include polar-

ization is straightforward. From the measured PAC patterns one

may determine the product of nuclear quadrupole moment and electric

field gradient, the initial alignment parameters, and the nuclear

spin. The PAC studies provide in fact a unique method by which

the spin of high spin isomers can be rigorously determined.
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2.6 Quadrupole Moments in Cd Isotopes

G.D. Sprouse, O. Hausser, H.B. Andrews and J.i?. Beene

The quadrupole interaction of the 8 3 ns, 5/2+ Cd

isomer in hexagonal Cd has been extensively studied by perturbed

angular correlation (PAC) methods. Although the sign, the

temperature dependence and pressure dependence, of the electric

field gradient, V , of Cd in Cd metal is well known, the magni-

tude of V ,r is still uncertain by about t 20%. The extension of

PAC studies to isomers in other Cd isotopes thus yields accurate

relative and approximate absolute quadrupole moments for these

isomers. In addition, it is hoped that a comparison of an in-

creased sample of quadrupole moments with theoretical values

could lead fco a further reduction in the uncertainty in V_z.

We have used the 94Zr(160,3n)107Cd and the 92Zr< O,3n)
105Cd reactions to populate ll/2~ and 21/2+ isomers in 107Cd

(Hausser et al., Phys. Lett. 52B (1974) 329) and a new 21/2"4

isomer in 105Cd (see PR-P-111.-2.4, AECL-5614), respectively. The

isomeric Cd nuclei recoiled out of the 1 mg/cm thick target foils

into a thick, rolled Cd foil. The foil was kept at 483 K to

ensure recrystallization of the rolled foil and annealing of

radiation damage. The PAC patterns observed with two Ge(Li)

detectors at 0 and 90 to the beam direction, could be well

fitted by assuming a polycrystalline structure of the Cd foil.

The 83 ns Cd isomer was populated simultaneously by Coulomb

excitation of Cd in the stopper foil. The spins, half-lives

and interaction frequencies so determined are given in Table 2.6.1.

The absolute quadrupole moments quoted have been obtained by

extrapolating atomic data on quadrupole moments of 5/2 states in
105,107,109cd fco lllcd an<J o f n / 2 - sfcates ± n lll,113,115cd fco

Cd. From the consistency of both extrapolations an absolute

error in 0 of i 12% is deduced.

The static quadrupole moments of the 21/2 states in
105,107cd a r e a b o u t 4 0 % smaller than expected for a fp fgg/T*
ds,2(v) 21/2+ configuration. The reason for the discrepancy

is being investigated.
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Table 2.6.1

Spins, Half-lives and Quadrupole Moments for some Cd Isotopes

/h a ) Q

(MHZ?
Isotope In t , , _ ( ins ) eQ V ^1/2 ?
1 U C d

1O7Cd

107Cd

105Cd

5/2+

11/2"

21/2*

21/2*

0.

0.

0.

4.

083

070

055

5

105.

138.

179.

172.

8

9

5

4

i 1

i 0

i 9

• 0

.7

.6

.2

.2

0.60

1.05

1.36

1.30

b)

b)

a) measured for Cd(Cd) at 483 K

b) relative moments; normalized to the values for Cd (5/2 )

and 1 0 7Cd (ll/2~).

2.7 A Computer Program for Heavy-ion Induced Fusion Calculations

J.R. Beene

A computer program has been written to facilitate the

comparison of results obtained in heavy-ion induced fusion

reaction studies with predictions of semi-classical potential

models. The program makes use of an ingoing wave boundary con-

dition (Rawitscher, Nucl. Phys. 85_ (1963) 337) in an approxi-

mate solution of the Schrodinger equation for the heavy ion re-

action problem. In its present form the program uses the ion-

ion potential, the criterion for fusion, and the approximate

treatment of tangential friction effects proposed by Bass (Nucl.

Phys. A231 (1974) 45).

The program has been used to calculate the total cross

section, the distribution of cross section as a function of

angular momentum as well as the mean <L> , and variance o of the

angular momentum distribution of the cross section, for a number

of beam, energy and target combinations that have been studied

experimentally at CRNL (PR-P-108:2.11, AECL-5315, PR-P-110:2.9,

AECL-5546).

*1 barn = 10"28 m2



2.8 A Study of the (3He.3He d) and (a, a d) Reactions on 6>7Li

R.E. Warner, A. Heavenrich, G.C. Ball, W.G. Davies, J.S. Forstcr
and W. McLatchie

The 6'7Li(3He,3He d) and 6'7Li(a,a d) reactions have

been investigated in a kinematically complete experiment at

several quasi-free scattering (QFS) geometries. Isotopically

enriched, "v 300 wg/cm ' Li targets were bombarded with 36 MeV

He and alpha beams. Coincident events were observed in two

independent counter telescopes positioned at forward angles on

opposite side? of the beam. The nin objectives of this experiment

were: 1) to test the usual plane- and distorted-wave QFS theories,

which relate the breakup cross section to 2-body elastic scattering

cross sections, in particular to see whether identical results are

obtained using two different projectiles and hence two different

sets of two body cross sections, 2) to test a new form of impulse

approximation which includes the 2-body interaction off the energy

shell as well as exchange effects for identical final nuclei and

3) to see whether the large deuteron knockout cross sections

found previously (PR-P-103: 2.2* AECL-4931) for the 7Li(3He,3He d)

He reaction are also observed with alpha projectiles. A complete

analysis of these data is in progress.

2.9 The Mass of 17C

G.C. Ball, W.G. Davies, J.S. Forster, H.R. Andrews and W. McLatchie

The O + Pb reaction has been used to produce and

measure the mass of C. A 93 MeV O beam bombarded isotopic-

ally enriched, approximately 250 ug/cm Pb targets. The re-

action products were analyzed with the QD spectrometer and

detected in a 50 cm long heavy-ion counter. The experimental

arrangement was identical to that used earlier (PR-P-108: 2.5,

AECL-5315). With the 207Pb(18O,16O) reaction providing an energy

calibration for the 17C spectrum, the Q value for the 207Pb(18O,17C)
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Po reaction was found to be -26.93 i 0.22 MeV corresponding

to a mass excess for C of 21.16 t 0.22 MeV. This result is

in good agreement with the value 21.27 MeV predicted by the

transverse mass equation (Thibault et al., Phys. Rev. C6_ (1972)

1509). The ground state cross section measured at e ^ g = 85°

was found to be only about 50 nb/sr.

24
Study of the Lowest T = 2 Level of Mg as an Isospin Forbidden

Resonance

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

The lowest J11 = 0 +, T = 2 level of 2 4Mg has been

observed as a narrow resonance m the Na(p,p ) Na and Na
"•0

(p,ao)*" Ne reactions at E = 3.91 MeV. Proton and alpha particle

excitation functions at 6T,.D = 70°, 107°, 147°, 173° were ob-
1>AB 2 2

tained in 200 eV steps by using a 3 ug/cm NaCl target on a 5 ug/cm

carbon foil. The beam passed through this target and struck a

50 ug/cm Na layer evaporated on a thick gold backing. A strong

resonance in the yield of 10 MeV gamma rays from this target

served to identify the T = 2 level (F. Reiss et al., Phys. Rev.

Lett. 19 (1967) 367). The total width of the j" = 0 +, T = 2

level has been determined to be less than 1.2 keV. Fits to the

data are in progress, employing the recently measured (PR-P-109:

2.3, AECL-3508) branching ratios for proton and alpha decays of

this level.

An attempt to observe this level as a resonance in

the 20Ne(o,o)20Ne and 20Ne(a,p)23Na reactions with a differentially

pumped gas target was unsuccessful because of the very small

(^6%) a branching ratio.
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2.11 Band Mixing in Tm

D. Ward, H.R. Andrews, J.S. Geiger, R.L. Graham
W. McLatchie and P. Taras (Universite de Montreal)

The remarkable agreement between the observed electro-

magnetic properties of the K = 1/2 grond band in Tm and those

predicted by the rigid rotor model (PR-P-109: 2.10, AECL-5508)

suggests that the ground bant wave functions must be extremely

pure. On the other hand, the energy levels of the band do not

follow the simple prediction, sad a considerable K = 3/2 admixture

was indicated by the analysis r>£ Diamond et al. (Nucl. Phys. 4_3

(1963) 560) and Gunther et al. (Nucl. Phys. A123 (1969) 386). We

have been making a detailed investigation of how band mixing should

affect the ground-band properties. A new analysis of the 12 known

energy levels of the ground band fitted to:

+ BJKI+1) + a(-l
+ C(-l)I+^(I+«j) (I-%) (1+3/2)

+ D{-I) I+l*(I+>i) (1-1) (I) (I+DU+2)

gives (in keV) A = 12.465 + 0.002,

a = -0.778 t 0.003,

B = (-4.53 4 0.02) x 10~3,

C = (1.77 i 0.035) x 10"2,

D = (-2.6 i 0.3) x 10~5.

The addition of the D term results in an excellent fit to the

energy levels; the mean deviation of the fit is 0.13 keV with

the worst case being 0.4 keV for the highest level. The forms of

the C and D terms follow from multiplying the basic oscillatory
I+"s

rotational term a(-l) MI+%) by the spin dependence from AK = 1

mixing, (I->s) (1+3/2), in the first instance, and by the spin

dependence of AK = 2 mixing, (1-1)(I)(1+1)(1+2), in the second

case.

The C term stems only from AK = 1 Coriolis mixing.

Gunther et al. (op cit) assumed that mixing with the band at 570

keV, assumed to be Mill 3/2, was responsible for this observed



very large C term. We find that the experimental B(M1) values

in the ground band at high spin rule out this possibility since

with such strong mixing, we calculate that the resulting 8(Ml)

values would be about a factor of 2 smaller than observed for

the 13/2 •• 11/2 and 17/2 •* 13/7 transitions. The only way out

of this dilemma is to suppose that either the C term results

from another band whose magnetic properties are quite different

from 411 3/2 or that the C term originates from weak mixing

with many bands with considerable cancellation of Ml effects in

the ground band. Me are continuing our investigation.

2.12 Search for High Spin Isomers - Pulsed Beam Techniques

D. Ward, 0. Hausser, H.R. Andrews, J.R. Been© and T.L. Khoo
(Michigan State University)

In an earlier report we described a method of searching

for high spin isomers using shielding to suppress prompt gamma

radiation, and a multiplicity counter based on six Nai(Tl) de-

tectors in the Lotus goniometer to filter out low spin contam-

inants (PR-P-108; 2.10, AECL-5315). The second stripping foil

in the MP tandem has increased beams of heavy ions at high

energy sufficiently to allow use of the fast beam pulser for

such ions. In the present experiment, delayed gamma rays in

coincidence with fc"2am pulses 1-2 ns wide occurring every 800 ns

were selected electronically thereby eliminating the necessity

for the shielding used in our earlier attempt.

We have bombarded targets of 96*r and 130Te with 32S

ions at 160 MeV (2, > 65 ft) and 160Gd with 1 60 at 100 MeV.max
The targets were backed with natural thorium foils. Gamma radi-

ation was detected in a Ge(Li) counter in coincidence with gamma

rays (identified by pulse shape) in a large volume liquid scintil-

lator. Upon a coincidence, the multiplicity counter was inter-

rogated to determine how many of the six Nal(Tl) detectors had

been fired. The timing of the event relative to the beam burst

was based on gamma ray pulses der.i ed from the liquid scintilla-

tion detectors.



Spectra in the Ge(Li) detector were sorted according to

time bins after the beam burst. For 0 (100 MeV) on Gd

there was weak evidence for a high spin isomer in Hf( a ( O,6n)

product, in the tiine bin 8-20 ns following the beam. Unfortunately

it was very weak (< 1% of the prompt) and could well have origi-

nated from events that were badly timed or events in which a

neutron was incorrectly identified as a gamma ray in the liquid

scintillator. The evidence against this is that gamma rays known

to be associated with the ( O,Sn) product were considerably

reduced relative to those of the ( O,6n) product in that time

interval (8-20 ns) whereas electronic problems would not be

expected to change this ratio.

ft Mew Series of Beta-delayed Proton Precursors

J.C. Hardy, J.A. Hacdonald (TRIUMF), H. Scbmeing (Neutron and
Solid State Physics Branch), T. Faestermann, H.R. Andrews,
J.S. Geiger, R.L. Graham and K.P. Jackson

A paper has been published (Phyu. Lett. 63B (1976) 27)

reporting our observation of a new series of beta-delayed proton

precursors with T_ = + 1/2. Results are reported on ,->Ge, ,<Se,
73 77 73

36Kr and 3gSr. Of these nuclei, only Kr has previously been

identified as a precursor of delayed protons, although all but

Sr have been observed as sources of beta-delayed gamma rays.

Ours is the first identification of 7Sr.

The observed proton spectra consist of a broad continuum

resulting from the high level densities characteristic of all

medium and heavy emitters. The "end point" of the spectrum yields

a measure of Q_ -B . where (V is the total decay energy of the
GC p cC

precursor and B is the proton separation energy of its beta-decay

daughter. As a test of this method of extracting energies, the

Qec of Se was measured by two other means: a) a direct 6+

energy spectrum measurement in an NE102 scintillator in coinci-

dence with gamma rays; and b) a measurement of the electron-capture-

to-positron ratio made by observing protons in coincidence with

annihilation radiation. These measurements agreed well with the
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results of the proton spectrum analysis.

A summary of results appears in the Table 2.13.1. The

numbers are consistent with those given in the publication but

take account of the most recent experiments referred to in PR-P-110:

2.6, AECL-5546 and PR-P-111:2.15» AECL-5614.

Table 2.13.1

Summary of the Properties of Some T « 1/2 Precursors

t,(s)

BR f%) al

(keV)

a) total

T « 1/2

65Gi

30.8 4

' 0.013 t

2300 i

Si

1.0

0.005

100

beta-branching to

Series of

6!

27.4

0.07

33«50

i

4
£

>

0.2

0.01

50

73Kr

28.4 4 0.7

3600 1 150

proton-emitting states

Beta-delayed Proton Precursors,

77sr

8.9 * 0.4

£ 0.25

4050 * 200

I. 69Se

J.A. Macdonald (TRIUMF), J.C. Hardy, H» Schmeing (Neutron and
Solid State Physics Branch), T. Faestermann, H.R. Andrews,
J.S. Geiger, R.L. Graham and K.P. Jackson

A paper has been written giving a detailed report of our
69

investigation of the decay of Se. The isotope was produced

via the 40Ca(32S,2pn)69Se reaction at 100 MeV incident energy.

Thirty-two beta-delayed gamma rays, as well as delayed protons

in the region 1.0 to 3.2 MeV, have been observed and lead to a

half-life of 27.4 ± 0.2 s. A proposed decay scheme involving

excited states in 69As at 98.0, 164.6, 497.4, 789.4, 1076.3,

1690.8, 1744.1, 1864.4, 1911.9, 2149.6 and 2346.1 keV is based

on Y-Y» 6 -y, p-Y» P-X and Y~X coincidence measurements. The

values for most levels have been revised slightly from the pre-

liminary report (PR-P-108:2.9, AECL-5315) and in addition the

level at 1427.7 keV has been dropped and those at 1744.1 and

1911.9 kev added. All energies quoted have an error of < ±0.8 keV.

The total decay energies of Se and As were measured to be

Q e c = 6795 ± 55 keV and 4067 + 50 keV respectively. The proton

spectrum and other decay properties have been compared with

detailed statistical model calculations.



2.15 The T? « 1/2 Series of Beta-delayed Proton Precursors,

II; 73Kr and 81Zr

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

We have continued our investigation into the T = + 1/2

series of beta-delayed proton precursors (PR-P-111, 2.13, AECL-

5614; PR-P-110: 2.6, AECL-5S46) by gathering extensive Y-X, Y~P
•7-1 g I

and X-p coincidence data from *Kr and Zx with a silicon

detector telescope and Nal(Tl) and Ge(Li) detectors. The re-

actions 60Nli(16O,3n)73Kr and 52Cr (32S, 3r.»81Zr were used at 75

MeV and 115 MeV incident energy respectively- Analysis of these

data has begun.

2.16 Statistical Model Calculations of Beta-delayed Proton Spectra

J.C. Hardy and K.P. Hamilton

Several improvements have been made to the computer

program DELPRO, which has previously been described in PR-P-108:

2.14, AECL-5315. This program now calculates (in a statistical

model) the shape of the delayed proton spectrum, the total beta-

branching to proton emitting states, the proton branching to an

excited state in the daughter nucleus, and the relative abundance

of X-rays observed in coincidence with protons (PR-P-109:2.7,

AECL-5508).

The calculation has been improved in the following ways:

1) r is calculated for states in the emitter using El strength

functions taken from Bartholomew et al. (Advances in Nuclear

Physics, 2 (I973) 229).

2) The beta-decay strength function is calculated from the

"gross theory" developed by Yamada (see, for example, Koyama

et al., Progr. Theoret. Phys. (Kyoto) 44 (1970) 663).

3) Level densities are determined using the formulae of Gilbert

and Cameron (Can. J. Phys. 4JJ (1965) 1446) as modified by

Truran et al. (CERN repor.. 70-30 (1970) 275).



4) f is determined directly from a calculation of the optical

model transmission coefficients. Global optical model para-

meters (see Percy and Percy, Nuclear and Atomic Data Tables

L7 (1976) 1) are generally used but the program allows a free

choice of parameters.

5) The statistical rate function f is calculated in the same way

as described in Gove and Martin, Nuclear Data Tables 1£ (1971)

205.

The program is currently being used to analyze results ob-

tained for the new series of T = 1/2 beta-delayed proton precursors.

2.17 The Use of an Intrinsic Germanium Counter Telescope to Detect

Energetic Positrons

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

The use of germanium in a device to measure positron

end-point energies areater than 5 MeV offers a unique combin-

ation of advantages in terms of:

i) detector efficiency

ii) inherent energy resolution and stability

iii) the feasibility of monitoring the energy stability

and calibration using ga/nma rays.

In order to utilize fully these advantages it is necessary, in

addition to the availability of crystals large enough to absorb

the total positron energy, to assess the complications introduced

by:

i) the response of the detector to cosmic rays and gamma rays

ii) scattering of positrons out of the sensitive volume of

the detector

iii) distortion of the positron spectra by absorption in the

detector of the subsequent annihilation quanta

iv) bremsstrahlung losses.



27

In our search for new members of the series of nuclei

characterized by A * 4n + 2, Ta = 0 (PR-P-108: 2.7, AECL-5315)

we have previously demonstrated the* advantages and overcome

complication i) by the UF«J of a counter telescope consisting

of a silicon surface barrier AE detector and an intrinsic

germanium E detector (PR-P-109; 2.5. AECL-5508). The geometry

of these components precluded any experimental assessment of

the spectral distortions caused by backscattering.

A counter telescope of three elements (AE, E and guard

ring) involving two intrinsic germanium crystals mounted in close

proximity in a single cryostat has been designed and fabricated

by the Neutron and Solid State Physics Branch (PR-P-111: 3.26,

AECL-5614). The performance of this telescope is being investi-

gated on the basis of data observed for the positron decays of

Co, V and Si following their production in (p,n) reactions.

All coincident events involving both the &Z and E counters were

recorded on magnetic tape. The problem of backscattering of

positrons from the E detector is being assessed by comparing

the energies deposited in the AE and E counters, as is the role

of the guard ring in rejecting other events in which the positron

scatters out of the active volume of the E detector. Finally,

positron spectra, free from the distortion caused by the absorp-

tion of the coincident annihilation photons in the E detector,

were recorded by using this counter as the centre crystal of a

pair spectrometer viewed by two 7.62 cm x 7.62 cm Nal(Tl) detectors

and recording 4-fold coincident events (&E-E-Y,-Y2'•

2.18 The Chalk River Helium Jet and Skimmer System

H. Schmeing (Neutron and Solid State Physics Branch), V. Koslowsky
(University of Waterloo), M.N. wightman, J.C. Hardy, J.A. Macdonald
(TRIUMF), T. Faestermann, H.R. Andrews, J.S. Geiger and R.L. Graham

The helium jet skimmer system (PR-P-109: 2.23, AECL-

5508) has a transport efficiency of 75%,not 25% as erroneously



stated earlier (op cit). The next step is to integrate this system

with an ion source to form an interface between a target location

and the isotope separator, which will be assembled shortly. A

paper describing the design and performance of the existing system

has been submitted for publication.

2.19 A Fast Tape Transport System for Use with On-line Separators

J.A. Macdonald (TRIUMF), H. Schroeing (Neutron and Solid State
Physics Branch), J.C. Hardy, N.C. Bray, W.L. Perry, R.B. Walker
and M.N. Wightroan.

The modifications and tests of the tape transport system

referred to in the previous report (PR-P-108: 2.19, AECL-5315)

have been made. The system now works satisfactorily,and at an

increased tape speed of 585 cm-s . Development of the device

has been suspended pending the arrival of the isotope separator

and a description is being prepared for publication.

2.20 High Energy Chopper

0. Hausser and R.E. Howard

A new beam deflector has been installed at the high energy

end of the HP tandem accelerator. The deflector is to be used to-

gether with the Ortec beam pulsing system to provide sharply defined

beam bursts with essentially no current between bursts. These fea-

tures are necessary for time-of-flight spectroscopy and for the

study of isomers with extremely low production cross sections,

e.g. fission isomers.

The Q of the tuned circuit (10 MHz) was determined to be

^ 1000 by measuring both transmitted and reflected power versus

frequency. The voltage across the deflector plates was calculated

from the deflection of a 7 MeV proton beam, measured at the verti-

cal object slits of the analyzing magnet. At a power of 230 W a



peak-to-peak voltage of 10 kv and a maximum pulse width of 1.4

ns for a slit opening of 2.54 mm (0.1") was obtained. Further

improvements in RF insulation are required before raising the

power level. A network is being built to drive the chopper

amplifier with signals derived from the Ortec beam buncher. The

beam currents at the vertical image slits of the analyzing magnet

will be used to obtain phase stability.

2.21 Statistics for the Analysis of Measurements of Foaming at the

Bruce Heavy Water Plant

W.G. Davies

The amount of foam present as the exchange gas enters a

new tray in the exchange columns at the Bruce Heavy Water Plant

can be estimated by a linear extrapolation based on gamma-ray

absorption measurements at points between trays. At the request

of V. Hulbert and J.M. Blair the statistical relationships were

derived for the mean extrapolated absorption and the error on

the extrapolation as well as general statistical procedures for

handling the data.

2.22 Transmission of a Quadrupole Lens System

W.G. Davies and A.R. Rutledge

Calculations of the transmission of a double quadrucole

lens were made for Dr. J.S. Geiger (on leave at the University

of Rochester). The system is part of a time-of-flight

spectrometer, to be used to study the alpha-particle

spectra from targets illuminated by high intensity laser pulses.
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The transmission as a function of alpha-particle momentum

was calculated at a fixed pole tip field of 4 kG for 16 values of

the momentum spanning the transmission maximum of the spectrometer.

A source size of 1 mm diameter and a detector aperture of 1.9 cm

diameter were assumed. Calculations of the ray envelope were

made using the SLAC transport program. The image at the detector

aperture was assumed to be an ellipse with semi-major and minor

axes a and b respectively. If 0 and *• are the half angles of

the rays that just pass through the quadrupole lenses in the

horizontal and verticle directions respectively, then the trans-

mission, s, can be calculated from one of the following expressions:

. . _ iiR 40$ R Oft
Tiab 4ft ab m

where R is the radius of the detector aperture. If a, b > R then

ii) s =

x
where A = nab + 2R2sin~X -2 - 2xQVa

2- (| x Q )
2 - 2ab sin"1 ~

with xQ = +Vb (a -R )/(a -b ) when the ellipse cuts the circular

detector aperture and x = b otherwise.

iii) s = -2. when both a, b < R.

These calculations produced a highly asymmetric trans-

mission curve which was in good agreement with the thin lens

approximation calculations done by Geiger at Rochester.



2.23 Electronics, Computers and Instrumentation

J.P.D. O'Dacre

A hand held, battery operated high voltage megohmmeter

with digital readout has been developed for use in testing

column resistors in the MP accelerator. Previous measurements

carried out with a relatively low voltage (300-900 V) introduced

errors since a low voltage test frequently gives a resistance

higher than the true value under operating conditions. The

replacement megohmmeter applies a voltage proportional to the

resistance, as high as 6 kV and more nearly approaching the

operating voltage. The digital meter has an accuracy of better

than 1% over the 20-2000 MR range with a resolution of 4 digits,

and in addition removes the possibility of errors made by inter-

polating when readings come closer together near the limits of

the analog scale.

The 300 ampere current control chassis for high stability

operation of the 90° analyzing magnet is complete and has passed

bench tests. The precision current stabilizer section designed

to drive it is now under construction.

2.24 Target Preparation

J.L. Gallant

The following targets were prepared for Nuclear Physics

experiments performed during the quarter:

- self supporting targets of 207'208pb, 90'92Zr, 6/7Li, gold,

aluminum, 60Ni, 59Co, 64Zn, 88Sr, WO,, NiO, and A1-O-.

- cerium, Te, and strontium on thorium backings, 94Zr on a
24 26silver backing, sodium, NaCl, Nal, ' Mg on carbon backings.

Foil stripping

The following stripper foils were mounted during this

period:

- 450 carbon foils (2 yg/cm ) for the terminal,

- 40 carbon foils (10 Wg/cm ) for the high energy end stripper.



Work done for other branches

For Dr. G. Dolling of the Neutron and Solid State Physics

Branch, an 800 ng/cm aluminum contact was evaporated on two

opposite faces of a potassium niobiate (KNbO,) single crystal.

The convex lens of a Barringer D O analyzer was gold coated

for the Keactor Control Branch.

Work done for universities

Thorium fluoride was evaporated onto three concave tantalum

discs and uranium fluoride onto three others for Dr. T. Lam,

University of Alberta Nuclear Research Centre. These will be

used to study fast fission of uranium and thorium.

Ultra thin carbon films of a thickness of 2-3-4-6-8 nm

were prepared for Drs. I. Grant and R. Moore of McGill University.

These ultra thin films will be used in molecular stripping.

New techniques were developed for successfully preparing

thin selenium foils, which are very brittle at room temperature,

for Dr. J.A. Macdonald of TRIUMF. These foils will be used to

measuie widths and shifts in pionic He X-rays.

2.25 MP Tandem Operation

J.C.D. Milton

The MP tandem availability improved slightly (Table 2.25.1)

during the quarter. The tank was entered twice, once to repair

an arcing cable in the Pelletron charging system, the second time

to remove #1 tube for shipment to HVEC in Burlington. There, the

tube will be disassembled and one of the electrodes replaced in

order to correct an error in the design that adversely affected

the beam optics. The corrected tube is expected to improve the

transmission by a factor of two for light ions, and even larger

factors for heavier ions. While the tube is being rebuilt a new,

highly stable (AV/V = 0.002%) 300 kV power supply feeding the

ion source cage will be installed and the analyzing magnet power

supply restored to its full current capability. Rebuilding the



tube has been under consideration for some time. This moment

was chosen because a short in the high voltage isolation trans-

former for the ion source necessitated a shutdown of several days

in order to rewind one of its coils.

Sixteen days were lost from two extended shutdowns of

the PDP 1 computer. In both cases the trouble affected the

operation of the magnetic tape.

During the quarter, 12 experiments were performed involving

CRNL and 11 visiting scientists. Non-CRNL scientists collaborated

on experiments occupying 80% of the beam time during which their

average participation was 65%.

Table 2.25.1

hours %

Beam available 1311.6 59.4

Scheduled shutdown 548.9 24.9

Unscheduled shutdown 347.5 15.7

2208.0 h 100.0%

2.26 Computer Aided Control System fox- the Superconducting Cyclotron

and MP Tandem Accelerator

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

The first of the two computers for this control system

(cf. PR-P-110: 2.19, AECL-5546) has been ordered and delivery

is expected in October. It is a PDP 11/34 computer with 124 k

16 bit MOS memory equipped with a 9 track magnetic tape drive,

a 10 million word disk, a printer/plotter, a hard copy terminal,

a video terminal and a CA11-C CAMAC interface. It will be equip-

ped with data links to the PDP 10 and to the CDC 3300/6600 systems.

Some progress has been made in selecting and specifying

CAMAC components. The initial selection of modules will be made

with two main considerations in mind: 1) it must provide the

capability of carrying out the first task, namely the control

of the MP tandem ion cage from one segment of the proposed



future control console; 2) the modules should bo identical to,

or at least program compatible with, the CAMAC hardware of the

VICKSI control system. A request for quotation on several con-

trol console items has been sent out. The specification of the

remaining items will be done following a visit to the VICKSI

project at the Hahn-Meitner Institute in Berlin in November.

2.27 The Design of the Beam Transport System for the Superconducting

Cyclotron

W.G. Davies and A.R. Rutledge

Since the decision to locate the cyclotron at the north

end of target room 2 (Option 2) was taken, all our efforts have

been focussed on obtaining a satisfactory design for the injec-

tion and by-pass lines for this new location. Difficulties with

the earlier Option 2 design (see PR-P-110: 2.21, AECL-5546) and

the desire to have an analyzing magnet for the cyclotron lead to

a new layout for the injection line incorporating another bending

magnet. A satisfactory design was found by the middle of July

for 10 MeV/u uranium. Recent changes in the cyclotron field,

and in the injection line layout to reduce the room size, have

resulted in somewhat poorer solutions. At present the x size

and bunch length lie outside the design limits by a factor of

about 1.5. Optimization of the design is continuing.

Preliminary design studies of the cyclotron by-pass line

were started but until the final extraction angle had been set

this design could not be optimized. The optics of this line are

complicated by the short image and object lengths associated with

the 115° analyzing magnet. Work on the by-pass line is continuing.



2.28 Development of a Beam Phase Probe for the Superconducting

Cyclotron

D. Ward, R.B. Walker, H.R. Andrews, 0. ll'.'usser, A.B. McDonald,
and P.M. James (Accelerator Physics Branch)

We have used pulsed beams of 6 MeV protons (6 pnA) and

70 MeV JZS (1/2 pnA) to explore the use of fast light pulses

from a scintillator intercepting the beam as a beam phase probe

for the superconducting cyclotron. Light from a p-quaterphenyl

scintillator was transmitted through a 2 metre blackened tube

and detected by an RCA6575 photomultiplier. The best resolutions

attained were 0.8 and 2 ns for p and S respectively by using

the beam pulser sweep signal as a time reference. The centroid

could be rapidly determined to better than 1/10 of the widths

because of the high count rates.

The results were sufficiently encouraging that the

technique will be developed for routine tuning of the present

beam pulsing system. A supply of the faster and more resiliant

scintillator ZnO(Ga) has been ordered.

892.29 Determination of the Gamna-ray Intensity in Sr

J.S. Merritt and F.H. Gibson

89Although Sr decays mostly by beta emission directly

to the ground state, there is a very small beta branch followed

by a 909 keV gamma ray. A better knowledge of this gamma-ray

abundance would afford the possibility of routine assay of Sr

by gamma-ray spectrometry.
an

The gamma-ray emission rate for a master solution of Sr

was determined by preparing sources of 50, 300 and 400 kBq and

counting them overnight with a Ge(Li) detector which had been

calibrated in the energy region of interest v.th sources of Sc

(889 and 1120 keV). The activity of the master 89Sr solution
was determined by the #iS-counting method. The results gave a

value of (0.0093 ± 0.0008)% for the gamma-ray branching in 89Sr.

The statistical error in the gamma-ray counting was 5.5% and all

*1 onA (particle nanoampere) = 6 x 109 oarticles per sec.



three counts were consistent; the error in the calibration of

the Ge(Li) detector at this gamma-ray energy was estimated to

be no greater than 1%; the accuracy of the 4n6-counting was

assessed as 2.5% and most of the uncertainty in it is from the

self-absorption correction.

Other determinations of this gamma-ray intensity are

0.0095% by A.B. Sattler (Nucl. Phys. 36_ (1962) 648) and 0.02%

by W.s. Lyon and R.R. Rickard (Phys. Rev. 100 (1955) 112).

2.30 Recalibration of the 4ti-y ion Chamber for Sc

J.S. Nerritt and F.H.Gibson

The 2.54-cm 4fl> ion chamber has been recalibrated for

Sc, which emits gamma rays with energies of 889.25 and 1120.51

keV. The Sc activity was determined by 4U6-Y coincidence
226

counting. As usual a Ra reference source was measured in
the ion chamber on the same dates as the Sc measurements
whereby these and other calibration measurements are related

Th
46
This recent Sc calibration agrees within 0.3% with the last

Sc calibration done in 1969; this is consistent within the

overall measurement errors and is further evidence of the satis-

factory stability of the response of this ion chamber (PR-P-105:

2.26, AECL-5121).

2.31 Ion Chamber Response for Ba

J.S. Merritt and F.H. Gibson

We nave calculated the response factors of the 4TIY ion

chamber for Ba in the three sample holders (called Al, Cd

and Ta) that are used routinely. The Ba gamma-ray intensity

values reported by M.J. Martin (ORNL-5114, 1976) and our three

response-versus-energy calibration curves were used for these

calculations. The relative response for a Ba ampoule in the

three sample holders was observed experimentally and agreed

well with the calculated response ratios (see Table 2.31.1)..
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This agreement is encouraging because it represents a test of

the ion chamber response curves in the low energy region where

calibration is difficult (there are nine gamma-ray transitions

following the decay of Ba in the energy range 53 to 384 keV

and the ion-chamber response varies by a factor of > 3 over this

energy range}.

These calculations will be useful in the preparation of

a special gamma-ray standard for the Reactor Control Branch.

The requested standard will contain Co, Ba and Cs in

solution it. a large pipe.

Table 2.31.1

Holders

Ion Chamber Response Ratio

Calculated Observation fl Observation #2

Al/Cd

Al/Ta

Cd/Ta

1.2146

1.5381

1.2663

1.2166

1.5443

1.2693

1.2168

1.5448

1.2695

2.32 Standards Issued

J.S. Merritt and F.H. Gibson

H
46

46

46

46

46

46

94

94

Sc

Sc

Sc

Sc

Sc

Sc

Cr

Cr

Nb

Nb

Environmental Research

Environmental Research

General Chemistry

Nuclear Physics

Radiation & Industrial Safety

Reactor Control

System Materials

Environmental Research

Reactor Control

Radiation & Industrial Safety

Reactor Control
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2.33 Miscellaneous Services

J.S. Merritt and F.H. Gibson

One Eu source was prepared for the Reactor Control

Branch.

Six counter windows were made for the Nuclear Physics

Branch by laminating 15 thin VYNS films (approximate total
••2thickness of 60 pg»cm for a counter window).

2.34 Coulomb Corrections to Fernii Beta Decay

I.S. Towner, M. Harvey and J.C. Hardy

see PR-P-111: 4.8

2.35 K-shell Ionization in Heavy Ion-atom Collision: Single and

Multiple Collision Processes

I.V. Mitchell, W.N. Lennard, F.W. Saris and J.S. Forster

see PR-CMa-38: 1.2.1.

2.36 Publications and Lectures

a) Publications

NUCLEAR LIFETIMES IN THE REGION OF 10~16 S MEASURED BY A
NEW TECHNIQUE
J.C. Hardy, J.A. Macdonald, H. Schmeing, H.R. Andrews, J.S. Geiger,
R.L. Graham, T. Faestermann, K.P. Jackson, E.T.H. Cliffords
Phys. Rev. Lett. 37 (1976) 133. Erratum, Phys. Rev. Lett.
32 (1976) 459.

TIME EVOLUTION OF HEAVY ION INDUCED FISSION STUDIED BY CRYSTAL
BLOCKING
J.U. Andersen, E. Laegsgaard, K.O. Nielsen, W.M. Gibson,
J.S. Forster, I.V. Mitchell and D. Ward
Phys. Rev. Lett. 3(5 (1976) 1539.

APPLICATION OF THE DIRECT SEMIDIRECT MODEL TO THE INTERPRETATION
OF El AND E2 STRENGTH IN 1*C (Ppo, # Yo)

 15N
K.A. Snover, J.E. Bussoletti, K7 Ebisaiwa, T.A. Trainor and
A.B. McDonald.
Phys. Rev. Lett. 37 (1976) 273.



HIGH SPIN STATES OF 4 # 1 6Yb STUDIED IN COULOMB EXCITATION
WITH Kr AND Xe BEAMS
D. Ward, P. Colombani, I.Y. Lee, P.A. Butler, R.S. Simon,
R.M. Diamond and F.S. Stephens
Nucl. Phys. A266 (1976) 194.

REDUCED TRANSITION PROBABILITIES OF HIGH SPIN STATES IN 232Th
M.W. Guidry, P.A* Butler, P. Colombani, I.Y. Lee, D. Ward,
R.M. Diamond, F.S. Stephens, E. Eichler, N.R. Johnson and
R. Sturm.
Nucl. Phys. A266 (1976) 228.

LIFETIMES FROM THE DOPPLER SHIFT ATTENUATION METHOD USING
HIGH VELOCITY RECOILS FROM THE 4He(35C1,p)38Ar REACTION
J.S. Forster, G.C. Ball, C. Broude, W.G. Davies and I.V. Mitchell
Phys. Rev. £14 (1976) 596.

PRECISE MAGNETIC MOMENTS OF (h9/2)n PROTON STATES
O. Hausser, J.R. Beene, A.B. McDonald, T.K. Alexander, E.D. Earle,
F.C. Khanna, I.S. Towner, G.A. Beer and A. Olin
Phys. Lett. 63B (1976) 279.

19F 2 4 2? 3 2 3 5STOPPING POWER MEASUREMENTS FOR 19F, 24Mg, 2?A1, 32S AND 35Cl
AT ENERGIES ^ 0.2 TO "v 3.5 MEV/NUCLEON IN Ti, Fe, Ni, Cu, Ag AND Au
J.S. Forster, D. Ward, H.R. Andrews, G.C. Ball, G.J. Costa,
W.G. Davies and I.V. Mitchell
Nucl. Instr. and Meth. 136 (1976) 349.

THE PREPARATION OF SILICON FILMS SUITABLE FOR STUDIES OF
ELECTRON-INDUCED FISSION
A.M. Sandorfi, L.R. Kilius and J.L. Gallant
Nucl. Instr. and Meth. 136 (1976) 395.

A NEW SERIES OF BETA-DELAYED PROTON PRECURSORS
J.C. Hardy, J.A. Macdonald, H. Schmeing, T. Faestermann,
H.R. Andrews, J.S. Geiger, R.L. Graham and K.P. Jackson
Phys. Lett. 63B (1976) 27.

b) Lectures

WEAK INTERACTIONS IN NUCLEI WITH N t Z
J.C. Hardy
at the Gordon Research Conference on Nuclear Physics
at Tilton, N.H., 12-16 July 76.

PERTURBED GAMMA RAY ANGULAR DISTRIBUTIONS FROM HIGHLY
EXCITED 107Cd IONS RECOILING IN VACUUM
H.R. Andrews
Fifth International Conference on Atomic Physics
Berkeley, California 26-30 July 76.
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LIFETIME MEASUREMENTS OF COMPOUND NUCLEI PRECEDING HEAVY ION
INDUCED FISSION
J.S. Forster
at Summer Seminar on Nuclear Theory at Queen's University
2-4 September 76.

PROPERTIES OF YRAST LEVELS
D. Ward
at the INS International Symposium on Collectivity of Medium
and Heavy Nuclei in Tokyo, Japan 23-25 September 76

THE USE OF EXOTIC HEAVY ION TRANSFER REACTIONS TO STUDY LIGHT
NEUTRON EXCESS NUCLEI
G.C. Ball
at the American Chemical Society Centennial Meeting in
San Francisco, Calif, on 30 August - 3 September 76.
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NEUTRON AND SOLID STATE PHYSICS BRANCH

A.D.B. Woods

3.1 Staff

3.2 Least Squares Analysis of Powder Diffraction Patterns
from Deformed Crystal Structures

3.3 Growth of a Single Crystal of Cytosine Monohydrate

3.4 Structure of SFft

3.5 Phase Transition in Potassium Hexachloro-osmote

3.6 Orthorhombic-Tetragonal Phase Transition in Potassium
Niobate

3.7 Acoustic Phonons in fiaS

3.8 Neutron Scattering in Praseodymium Trichloride

3.9 Critical Magnetic Scattering by Uranium nitride

3.10 Mode Softening and Internal Distortion in UO-

3.11 Temperature and Concentration Dependence of Sfin
Correlations near the Percolation Concentration in
Three Dimensions

3.12 Accurate Determination of the "Roton" Energy in
Superfluid *He

3.13 Observation of the Phase Transformation in Iron by
Positron Annihilation

3.14 Neutron Scattering from Isolated Clusters of Manganese
Ions

3.15 Interatomic Forces and Atomic Kinetic Energies in
Liquid Helium

3.16 The Strength Functions of 2O'T£ Resonances

3.17 D/H Measurements in Water

3.18 Neutron Time-of-flight Facility
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3.19 N4 Thermal Neutron Facility

3.20 Measurements of v(E ) in the Photofission of 33*U

3.21 Induction Acceleration with H~ Ions

3.22 Study of the Lowest T « 2 Level of 2*Mg as an Isospin
Forbidden Resonance

3.23 Reactor Beam Hole Use

3.24 Dead-time Formulae

3.25 Supply and Servicing of Semiconductor Detector Systems

3.26 A Germanium Counter Telescope to Detect Energetic
Positrons and Electrons

3.27 Carbon-coating Furnace

3.28 CdTe Sublimation

3.29 CdTe Crystal Growth

3.30 CdTe Crystal Quality Tests

3.31 Miscellaneous

3.32 A New Series of Beta-delayed Proton Precursors

3.33 T = 1/2 Beta-delayed Proton Precursors, I: tsSe

3.34 The T = +1/2 Series of Beta-delayed Proton
Precursors II: ?*Kr and ilZr

3.35 The Use of an Intrinsic Germanium Counter Telescope to
Detect Energetic Positrons

3.36 The Chalk River Helium Jet and Skimmer System

3.37 A Fast Tape Transport System for Use with On-line
Separators

3.38 Publications and Lectures
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left July 23, 1976.
(6) University of Colorado student; left August 18, 1976.
(7) McMaster University student; left August 20, 1976.
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3.2 Least Squares Analysis of Powder Diffraction Patterns from

Deformed Crystal Structures

E.F. Talbot and P. Martel

A computer program originally written by

H.M. Rietveld (Acta Cryst. 22 (1967) 151) has been adapted

for use on the CDC 6600 for analysing the atomic displace-

ments caused by ultraviolet light incident on various solids

of the DNA bases. Instead of attempting to account for the

intensity of the individual components of composite Bragq

reflections a least squares fit is made to the powder pattern

as a whole. The complexity of various DNA substructures

makes the latter procedure very desirable. Our version of

the program includes improvements due to A.W. Hewat who has

shown (Nature 246 (1973) 90) that the Rietveld procedure is

especially useful in analysinq atomic displacements due to

phase changes.

Preliminary calculations on 1-methylthvmine indi-

cate that one of the two modes of dimer formation in this

material (PR-P-110:3.4, AECL-5546) occurs more often than

the other.

3.3 Growth of a Single Crystal of Cytosine MonohydraLe

P. Martel

A single crystal of cytosine monohydrate has been

grown by the technique used to grow crystals of 1-methylthymine

(PR-P-102:3.7, AECL-4841), i.e. slow evaporation and gradual

decrease in temperature of a water solution of cytosine

initially at 60*C. Crystals of this material were found to

grow best in ordinary tap water where they attached themselves

to organic growth which had developed. The best crystal

measured 0 . 1 c m x l c m x 2 cm-
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Inelastic neutron scattering measurements on this

material should complement those on 1-methylthymine (C.hem.

Phys. Lett. 39̂  (1976) 339, AECL-5374) and possibly allow

some inferences to be made concerning whac role, if any,

water plays in altering interactions between bases in DNA.

3.4 Structure of SF^

B.M. Powell and G. Dolling

A systematic study of the neutron elastic scat-

tering intensity from a sinqle crystal specimen of SF, has

been carried out as a function of 5 at 92 K, 95 K, 97 K and

109.5 K. Values of (a$/2iO ranging from (0.4,0.4,0) to

(2.2,2.2,0) and from (0,0,0.6) to (0,0,3.0), enclosing a

2-dimensional mesh extending out to (2.2,2.2,3.0), were

studied with the N5 spectrometer. The results at 97 K and

109.5 K were essentially the same and indicated the expected

body-centred cubic structure. No special temperature depen-

dence which might be associated with the phase transition

was observed. At the lower temperatures, several additional

sharp Bragg peaks appeared, confirming the existence of a

low temperature phase whose crystal structure is as yet un-

known. Attempts are in progress to prepare a good quality

powder specimen of SF, in order to investigate this structure

in more detail.

3.5 Phase Transition in Potassium Hexachloro-osmate

B.M. Powell , W.J.L. Buyers and R.L. Armstrong with

D. Mintz (University of Toronto)

The investigation of the phase transition near

T = 45 K in potassium hexachloro-osmate (K-OsCt,) has been

continued (PR-P-109:3.4, AECL-5508). In an effort to
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determine the detailed crystal structure in both hiqh and

low temperature phases, measurements of the integrated

intensity of 36 Bragg reflections were made at 298 K and

4.6 K with an incident neutron energy of 10 THz. The high

temperature results were analysed assuming isotropic

Debye-Waller factors, rigid librational motion of the

chlorine octahedra, and a variable internal Os-Ci parameter,

u. A good fit to the data was obtained (R = 4.6%) with a

value of u « 0.238,significantly smaller than the value

tabulated in Wyckoff. The results at 4.6 K are being

analysed in terms of a similar model.

The peak intensities of the two Bragg peaks which

show the largest temperature dependence (117), (337) were

measured as a function of temperature from 4.6 K +o 64 K.

The transition temperature is found to be T = 44.4 ±0.5 K.

The intensity above background increases as (T -T)"-67

below T , as expected for a three dimensional second-orderc
transition. In addition we observed a "tail" due to diffuse

scattering just above the transition. The diffuse scattering

has been observed as a function of wave vector and temperature

in both the (117) and (337) zones. Its intensity passes

through a weak maximum at T , and above T falls slightly

faster than the remnant Bragg peak intensity.

3.6 Orthorhombic-Tetragonal Phase Transition in Potassium Niobate

3. Dolling with G. Kugel, M. Fontana and C. Carabatos

(University of Metz, France)

Potassium niobate, KNbO,, is a perovskite-type

ferroelectric material which undergoes three Dhase transi-

tions, rhombohedral to orthorhombic at 267 K, orthorhombic

to tetragonal at 498 K, and tetragonal to cubic at about

720 K. Neutron scattering experiments to study the soft-mode
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behaviour of KllbO, have been performed previously in the

cubic and orthorhombic phases, and the primary concern of

the present experiments is the intermediate tetragonal

phase, between 498 and 720 K. A major initial problem is

the preparation of a larqe (1-2 cmJ) sinqle domain, sinqle

crystal specimen in a variable temperature furnace suitable

for neutron scattering experiments. This was achieved by

applying simultaneously an electric field of 1500 v/cm

parallel to the c crystallographic axis and a temperature

gradient perpendicular to the orthorhombic domain walls,

while slowly increasing the mean sample temperature through

490 K. This procedure is necessary both to avoid destruc-

tion of the single crystal and to maintain the single

domain character into the tetragonal phase. In the present

instance, about 99% of the sample volume was obtained as a

single domain, oriented so that the a and c axes were in

the horizontal plane of the N5 triple axis spectrometer,

NRU. A silicon (113) monochromator was used for two types

of experiment, (a) elastic scattering, with no energy

analysis of the scattered beam, in the vicinity of the

(004) and (400) reciprocal lattice points, to search for

temperature-dependent critical scattering, and (b) inelastic

scattering, using a Be(002) analyser, to map out the low-

lying phonon modes propagating along the a and c axes.

Experiments of type (a) have been made at 557 and

517 K; these shew a largely temperature-independent "ridge"

of scattering parallel to the c axis, together with certain

sharply defined peaks indicating the existence of up to 1%

of other domains present in the sample. Experiments of

type (b), at 517 K, have successfully delineated the trans-

verse acoustic mode, q /f a* , for all wave vectors q to the

zone boundary. For q // c*, however, the branch is well

defined only up to q = 0.4 q . Only weak evidence was



found for the lowest frequency transverse optic modes in

either direction. Much longer counting times will be re-

quired for the comprehensive studies both of acoustic and

optic modes and of the critical scattering, as a function

of temperature, which are necessary for an understanding

of the dynamics of the 499 K phase transition.

3.7 Acoustic Phonons in GaS

B.M. Powell with J.L. Biebner (Oniversite de Montreal)

and S. Jandl (Oniversite de Sherbrooke)

Measurements of acoustic phonons propagating

along the &,E,T directions have been made at 29B K in the

hexagonal layer structure GaS. Along A the predominantly

interlayer (LA,I.O) and (TA,TO) branches have been measured

as far as the zone boundary, and at r (q = 0) the 1/5, TO

modes have frequencies 1.27 t 0.4 and 0.725 t 0.023 THz

respectively. Along £ and T some results have been ob-

tained for all three acoustic branches, and for the £

direction the transverse acoustic branch polarized in the

basal plane has been measured to the zone boundary point M.

Its frequency at M is 2.55 i 0.06 THz. The lower frequency

transverse acoustic branch in the T direction shows the

upward curvature characteristic of two-dimensional struc-

tures. Preliminary analysis of the slopes of the acoustic

branches qives the following values for elastic constants

(1010 N-m"2)

*- 4 4 A • z -

(1010 N-m" 2): C n = 7.5 t 0.8, C 3 3 = 3.4 t 0.4,

3.8 Neutron Scattering in Praseodymium Trichloride

D.R. Taylor and W.J.L. Buyers

Neutron scattering studies of single crystal PrCfc,

were undertaken in order to search for one-dimensional
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ordering effects tuat had been suggested by recent specific

heat and electrical susceptibility measurements (J.P. Harrison,

J.P. Hessler and D.R. Taylor, Phys. Rev,, to be published).

The ground state of the Pr ion at the non-centric (C,. )

lattice sites is a non-Kramers doublet that can develop a

magnetic moment parallel to the threefold axis and an elec-

trical dipole moment in the perpendicular plane that can be

larger in magnitude (J.W. Culvahouse, L. Pfortmiller and

D.P. Schinlf , J. Appl. Phys. 35> (1968) 690), in appropriate

units, th* »te magnetic moment. The measurements of

Hcirrisor 1. showed a broad one-dimensional ordering peak

at I.:.' a sharp three-dimensional ordering peak at

0.42 K.

In order to establish whether the 0.4 2 K transition

is indeed the suspected cooperative Jahn-Teller distortion,

neutron scattering measurements at Eg - 10 THz were made of

the quasielastic scattering at 1.6 K and 4.2 K to look for

the build-up of correlations along (h k >j) lines in reciprocal

space. These quasielastic scans showed no significant evi-

dence of magnetic scattering even at 1.6 K but it is possible

that the magnetic correlations were sufficiently weak that

they were obscured by the large incoherent scattering from

the chlorine isotopes. Inelastic scans did, however, reveal

a sharp crystal field transition at 0.95 THz corresponding to

the transition to the singlet excited state.

3.9 Critical Magnetic Scattering by Uranium Nitride

W.J.L. Buyers, T.H. Holden and E.C. Svensson with G. Lander

(Argonne National Laboratory)

Although uranium nitride is a cubic antiferro-

magnet (TN » 49.8 ± 0.4 K) we have observed a high degree

of anisotropy in the critical scattering around the (110)
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magnetic reciprocal lattice point. The total neutron scat-

tering S(<5) was measured on the C5 triple-axis spectrometer

with the analyser removed. The incident energy (7.25 THz)

was large enough to permit integration over the frequency

range (<0.3 THz) of the critical fluctuations while keeping

Q constant to within 1%. High resolution in the scattering

plane was obtained by means of 0.3* colligation throughout.

The temperature dependence of the inverse correlation range

for temperatures between 54 and 80 K was consistent with the

form < <••• (T - 53.7)0**>5 j;jUt t n e magnitude of < is much larger

along [001] tha;: along [110]. Expressed in reduced wave-

vector units, the anisotropy corresponds to the correlations

being approximately four times longer in range within the

ferromagnetic (001) sheets than the correlations between

antiferromagnetically coupled (001) sheets. This result

suggests an apparent lowering of the magnetic symmetry within

regions where the spin correlations have essentially two-

dimensional character.

Measurements on USb (G.H. Lander, private

communication) which is also antiferromagnetic have revealed

a similar anisotropy in the critical scattering. No critical

effects were observed at the (001) magnetic reciprocal lattice

point where only the transverse component of the neutron scat-

tering would be expected to appear. Th<> critical effects

observed near (110) correspond therefore to a diverge/ice of

the longitudinal susceptibility.

3.10 Mode Softening and Internal Distortion in DO,,

W.J.L. Buyers, G. Dolling and T.M. Holden

Faber, Lander and Cooper (Phys. Rev. Lett, 3j>

(1975) 1770) found that the magnetic form factor >f VO2 could

be understood if an internal displacement of T2a^*' symmetry



occurred below the antiferromagnetic phase transition

(T-, = 30.2 K). They suqqested that the dynamic effects of

this magnetoelastic coupling would shcv up as a softening

of a zone boundary [001] mode of appropriate symmetry.

Previous measurements of the M^ TA(001) mode (PR-P-109:3.6,

AECL-5508) showed no significant mode softening near T., and

measurements have now been made of the modes M. TO(001),

Mj LA(001), L3 TACT'S) and &&{A) TA(0,0,0.2). The frequen-

cies of all these modes are essentially independent of

temperature near T« showing that there is no soft phonon

behaviour associated with the internal distortion. To in-

vestigate the possibility that the dynamic effects might

show up as a phonon central mode the quasielastic neutron

scattering has been measured in four Brillouin zones with

different (hkl). The magnetic scattering should follow the

square of the form factor but extra intensity proportional

to (hJ+k2+l*) should be present for odd 1 if there is a

central mode contribution. The results at (110), (221),

(330) and (441) are consistent with the scattering being

entirely magnetic. One possible explanation of these

results is that the coupling between the moments and the

lattice which produces the internal distortion is a static

or low frequency property that only appears when the order

parameter is finite.

3.11 Temperature and Concentration Dependence of Spin Correlations

near the Percolation Concentration in Three Dimensions

E.C. Svensson with R.A. Cowley and G. Shirane (Brookhaven

National Laboratory)

By studying the total neutron scattering from

specimens of Hn Zn, F- having c near the percolation

concentration c (c > c is required for long-range magnetic

order at T = 0) we have obtained information on both the



geometrically driven critical behaviour as a function of

c - c for low T and the thermally driven critical behaviour

as a function of 1 for c near c . The measurements were

carried out using a two-axis spectrometer at the Brookhaven

High Flux Beam Reactor. The "specimens" were "slices"

(obtained by beam masking) from one single-crystal specimen

which had a concentration gradient along the growth axis.

For five adjacent slices, transverse and longitudinal

wave-vector scans centred on the (001) and (100) reciprocal

lattice points were carried out in the range 1.13-20.0 K.

Lattice-constant measurements give the mean values, c, of c

for successive slices as c +0.007, c -0.004, c -0.015,

c -0.026 and c -0.037. The strength of the (100) magnetic
P P

Bragg reflection (i.e. the order parameter) was determined

for the slices with c = c +0.007 and c = c -0.004 (a very

small fraction of this slice had c > c ). In marked contrast
P

to the case c » c where the order parameter falls very
rapidly to zero with vertical slope at the critical tempera-

ture, the order parameters for the two slices exhibited a

slow uniform decrease from 1.2 to ~4 K and then fell with a

smooth s-shaped variation to zero at ~7 K for e - e -0.004

and ~8 K for c - c +0.007.

The results have been analysed in terms of

resolution-broadened Lorentzian line shapes to obtain in-

tensity parameters A, and A_ and inverse correlation lengths

K^ and K_, for transverse and longitudinal spin correlations.

For each c, K_ and K_ have values near 0.2 rlu (reciprocal

lattice units) at 20 K. Both then decrease with decreasing

T and K_ passes through a broad minimum {< - 0.1 rlu)

centred in the region of 6-8 E. KT falls more rapidly thanK_ and then flattens out for T < 3 K at values which range

from 0.06 ± 0.03 rlu for c = c -0.037 to 0.01 + 0.01 rlu

for c = c+0.007. This flattening is attributable to the
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correlation length (1/K.) becoming comparable with the size

of the larger clusters of magnetic ions. For a given T, <L

and K both decrease with decreasing c. The most surprising

feature of the results is that for the specimen with

c » c +0.007, all of which has c > c , KT does not go to
P P L

zero at the ordering temperature of -8 K but only at a much
lower T if at all (at 8 K, ic. = 0.032 ± 0.005 rlu while

I*

for T < 4 K, K L - 0.01 t 0.01 rlu).

3.12 Accurate Determination of the "Roton" Energy in Superfluid

'He

A.D.B. Woods with R. Scherm and W.G. Stirling (Institut

Laue-Langevin, Grenoble, France) and P.A. Hilton (University

of Edinburgh, Scotland)

The energy, A, at the "roton minimum" of the

dispersion curve for excitations in superfluid *He under

its saturated vapour pressure at T * 0.75 K was measured,

under conditions of high resolution, with the IN3 triple

axis spectrometer at the Institut Laue-Langevin. The value

of A was found to be 0.1796 * 0.0002 THz (8.62 • 0.01 K).

Previous measurements, Phys. Rev. 121 (1961) 1266, AECL-1171

and Can. J. Phys. 4J9 (1971) 177, AECL-3755, gave

0.1802 i 0.0008 THz and 0.1806 ± 0.0008 THz respectively.

The present measurement, when combined with the Raman scat-

tering measurement (Murray et al., J. Phys. C 8_ (1975) 1.90)

of the energy of two rotons in a bound state, 2A -E_, yields

a value of the roton-roton binding energy, EQ, of

0.0056 t 0.0008 THz. This result is sufficiently accurate

that the various theoretical models used for calculating

the spectrum of the Raman-scattered light from liquid helium

can be critically tested.



3.13 Observation of the Phase Transformation in Iron by Positron

Annihilation

S.M. Kim, E.F. Talbot and W.J.I.. Buyers

The temperature dependence of the positron anni-

hilation peak coincidence rate (PCR) has been studied in

iron from 25*C to 1220'C. The measurements have been made

in an atmospnere of pure helium gas (10 kPa) in order to

reduce the evaporation of iron. The following observations

were made prior to shutdown of the equipment for replacement

of a radiation shield and of the sample which had partially

evaporated.

The PCR increased linearly with temperature up to

~700#C, and then more rapidly up to ~900*C, possibly indi-

cating positron trapping at thermally generated vacancies in

a-phase iron above -700*C. While crossing the a-y phase

transformation (from bcc to fee) at 908*C, the PCR dropped

by -1%. The PCR again increased rapidly with temperature,

indicating positron trapping at thermally generated vacancies

in the y-phase iron above ~900'C.

Although the observed change of PCR at the O-Y

phase transformation can be correlated with the 1% volume

change in iron,it may be important to include other effects

such as the electronic band structure change and the dis-

locations generated during the phase transformation. More

detailed studies of both the phase transformation and the

vacancy properties in iron are in progress.

3.14 Neutron Scattering from Isolated Clusters of Manganese Ions

M. Harvey (Theoretical Physics Branch), B.C. Svensson,

W.J.L. Buyers and T.M. Holden

See PR-P-111:4.4 .



3.15 Interatomic Forces and Atomic Kinetic Energies in Liquid

Helium

V.F. Sears (Theoretical Physics Branch), A.P.P. Woods,

E.C. Svensson and P. Martel

See PR-P-111:4.2 .

3.16 The Strength Functions of * 9*T£ Resonances

E.D. Earle with R.K. Winters (Denison University),

J.A. Harvey and R. Macklin (Oak Pidge National Laboratory)

Following the analysis of additional

resonances up to 160 keV the neutron strength functions

(PR-P-108:3.17, AECL-5315) have been more accurately

determined. The s-wave strength function, T g i /AE, is

0.23*Q'^ * io"4 below 40 keV and 0.98*®'*^ * 10~4 above.

The p-wave strength function, \ t g F1/&E ,' is 0.26+°"°? « 10~4

3 n "0.UD

over the complete energy range. The new resonance parameters

show that the change of slope in the p-wave strength function

reported earlier does not continue above 102 keV and, there-

fore, is attributed to a statistical fluctuation. The

evidence for intermediate structure from the s-wave neutron

widths is confirmed.

3.17 D/H Measurements in Water

M.A. Lone, W.M. Inglis and K.R. Boyle with J.G. Bayly

(Reactor Control Branch)

A large semi-cylindrical water tank and eight

neutron counters have been installed (PR-P-110:3.17,

AECL-5546).

Measurements of the neutron yield as a function

of the D/H ratio, using J2#Th Y-rays (E = 2.6 MeV), are in

progress.



3.18 Neutron Time-of-flight Facility

M.A. Lone and K.M. Inglis

A program (PR-P-110:3.13, AECL-5546) to study the

transmission resonances in nuclei with a high resolution

Y-ray beam (dE /E * 10 with discrete Y-rays ranging in

energy from 4 to B MeV) is in progress. Measurements have

been made on Cd and Cu samples using incident Y-rays from

the **Co(n,Y) reaction with epithermal neutrons.

3.19 N4 Thermal Neutron Facility

M.A. Lone and W.M. Inglis

Design of the internal and external collimators

for a direct 'filtered' thermal neutron beam from the NRD

thermal column (PR-P-110:3.16, AECL-5546) is complete. The

collimators will consist of discs made of boron-loaded

polyester resin and of lead. The neutron beam size at the

target position can be readily changed by readjusting these

discs.
8 —1 —2

A neutron flux of 5*10 n«s -cm from the N4

hole, at the reactor face, was measured by activation of

In and Cu foils. The cadmium ratio was found to

be >2000. From these measurements the flux at the

target position is expected to be greater than

108 n-s^-cm""2.

Design of the liquid-N_ cryostat for cooling the

quartz and Bi filters is in progress. Various parts of the

collimators are being fabricated.



3.20 Measurements of v(E ) in the Photo^ission of z " u

S.T. Lim, R.N. King, W.F. Mills and J.W. Knowles

The measurements of v(F ), the average number of

prompt neutrons emitted per fission, in !3eu followinq

photo-absorption of radiation of 70 ke" resolution, reported

in PR-P-110:3.18, AFCL-5546, have been extended to cover the

range E = 1.19 td 6.45 and 7.41 to 7.55 MeV. No structure

was observed in v(E ) although pronounced struc-

ture was observed at this resolution in the photofission

spectrum corresponding to the lower range of energies.

Our measurements of v(E ), averaged over the two energy ranges,

are listed in column (3) of the Table. These average values

of v(E ) agree with the values listed in column (4) within the

combined limits of error. The latter values were calculated

from the expression v(E ) = 1.502 + 0.146 E given by

Caldwell and Dowdy (Nucl. Sci. and Eng. 5_£ (1975) 179) and

based on their measurements made with bremsstrahlunq radiation.

Table

Energy Range Average E
MeV MeV (Experiment) (Calculated)

6.19 - 6.45 6.33 2.51 ± 0.07 2.42 ± 0.08

7.41 - 7.55 7.49 2.62 ± 0.04 2.59 ± 0.08

3.21 Induction Acceleration with H~ Ions

J.W. Knowles with G.R. Mason (University of Victoria)

One of the principal difficulties with

the proton induction accelerator concept is



that of efficient extraction of the proton

beam. One way to solve this problem is to accelerate nega-

tive hydrogen, H , ions rather than protons. These ions

can be extracted by allowing them to pass through a thin

foil which will strip off the two electrons, thereby allow-

ing the proton beam, because of its positive charge, to

curve out of the accelerator. This ejection technique,

which is used by a number of sector focussing cyclotrons,

including TRIUMF, has an efficiency of 99.5%.

However a disadvantage of H~ acceleration is

excessive S"V dissociation, the stripping off of

the second electron, during acceleration if the magnetic

guide field is too high. This limitation on the strength

of the magnetic field puts a lower limit on the size of the

accelerator. Our calculations, which use the measurements

of electrical dissociation of H~ by dtinson et al. (Nucl.

Instr. and Meth. 7£ (1969) 333) show that the fractional

beam loss is less than 0.2% for the acceleration of protons

to 1 GeV in an induction accelerator of orbit radius greater

than 19 m.

3.22 Study of the Lowest T = 2 Level of 2<tMg as an Isospin

Forbidden Resonance

E.D. Earle et al.

See PR~P-lll:2.10 .

3.23 Reactor Beam Hole Use

A.D.B. Woods

The McMaster University riouble-monochromator

triple-axis spectrometer, the Guclph University spectrometer

and the McGill University coLd-neutron facility were all in



operation during the period. The C5 triple-cixis sDectro-

meter was used by D. Hallman of Laurentian University for

a two-week experiment. The N5 and 1,3 spectrometers lost,

respectively, 136 and 172 hours of operating time mainly

because of problems with their control units.

The followinq table summarizes utilization of

operating CRNI. facilities at MRU beam holes.

Beam Hole

Cl

C2

C4

C5

L3

N5

No. of
Experiments

1

2

2

4

4

5

No. of
Participating

CRN1.
scientists
(incl. summer
visitors)

2

1

2

6

4

6

Xo. of
Participating
non-CR.Nl.
scientists

0

0

0

4

S

7

F.fficiency
(* of available

reactor operating
time used for
experiments)

95

9S

100

99

91

93

Total reactor operating time was 78 days.

3.24 Dead-time Formulae

J.G.V. Taylor

For the source-pulser method of measuring dead

times Muller has derived the appropriate interval densities

(J.W. Muller, Rapport BIPM-76/3, 1976) and the corresponding

formula for computing the dead times from observed counting

rates (J.W. Muller, Rapport BIPM-76/5, to be published), viz.,

T =
2ur

1 -
4u

v
r

r + v - r.
(1)



where T is the nonextending dead time and r, v, and r are

the observed counting rates for the source alone, the

pulser alone and the source and pulser together, respec-

tively; u is a function of the counting rates that has no

known analytical form but may be found from the interval

densities by an iterative procedure. Equation (1) is to be

compared with the usual approximation,

(2)

which breaks down at high pulser duty cycles, i.e. for

v > 1/3 - .

The present work explicitly deduces v , the

approximate expression for v that makes equations (1) and

(2) equivalent, i.e. for which T = T .

It is found that uo = 1 / fl - (
1"rTo)

VT
ol

 o r' l n

terms of the true source rate, p = r / (1-rT ) ,

v = (1 + PT ) / [1 + (P-V)T ], Comparison of i> with Miiller's

numerical solutions for >j show, as expected, qood aqreement

at rates for which the memory effect of the pulser series is

negligible, whether or not u -v = u1 would be a more useful

parameter than v depends on finding a convenient form of

equation (1) as a function of u'. It is interesting to note

that putting u =1 reduces equation (1) to the classical

result for two random sources.

A note describing this result has been sent to

the BIPM for circulation to working-party members.

3.25 Supply ana Servicing of Semiconductor Detector Systems

R.J. Toone, M.M.L. Racieot, W.F. Plater, P.R. MacLanders

and H.C. Spenceley

Following successful tests on the prototyDe unit

(PR-P-107:3.?2, AECL-5256; PR-P-108:3.25, AECL-5315), two
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double hiqh purity Ge detectors have been made for Reactor

Control Branch. The special desiqn cryostats incorporating

internal reed switches {PR-P-106:3.27, AECL-5226) and

tungsten-alloy shielding have been assembled. Tests are

being run on the first detector to determine if it will meet

specifications.

A new design of double concentric high purity He

detector system has been developed for Nuclear Physics

Branch (see section 3.26 of this report).

A high purity Ge detector system was repumped

twice for the Neutron Nuclear Physics Section of this Branch.

A cryostat was repaired and repumped for General Chemistry

Branch.

3.26 A Germanium Counter Telescope to Detect Energetic Positrons

and Electrons

H. Schmeing, R.J. Toone and M.M.I.. Racicot

A counter telescope has been designed and built

for the purpose of measuring with high accuracy end points

of 6 and 6~ spectra between -2 and 12 MeV. The telescope

is of unique design, consisting of large area AE, E and

guard ring detectors made from high purity Ge. Besides the

reduction of the Y background such a telescope offers the

advantage over a single counter that the volume in which the

energy is deposited is well defined: electrons scattering

sideways out of the E detector are detected in the guard

ring and eliminated, electrons reaching the E detector and

scattering back through the AE detector traverse the AE

detector twice which should result in depositing a noticeably

higher amount of energy.

The AE counter is 37 mm in diameter and 1.6 mm

thick, of which 1.3 mm are active. Mounted closely behind



is a concentric double detector made from a single Germanium

disk, 37 mm in diameter and 16 mm thick. The core of this

disk, a cylinder of 25 mm diameter, serves as the E detector,

the surrounding annulus as the guard ring. The thickness

was chosen to stop '12 MeV electrons. The guard ring, a

proper detector in itself, is meant to be operated in anti-

coincidence with the E detector and thus serves as a slit-

scatterinq-free electric aperture. The telescope is mounted

in a single cryostat. All three detectors show good energy

resolution: 5.6 keV for th«> 5E detector, 2.6 keV for the E

detector, and 2.8 keV for the guard ring. The system was

tested off-line with 0~ emitters and on-line (section 2.17

of this report) with B* emitters at the tandem accelerator

of the Nuclear Physics Branch, observing the decay of 5ltCo,

"*V and J7Si produced in (p,n) reactions. In the on-line

tests, all coincidence events were recorded event by event

on magnetic tape. Analysis of the tests is in progress,

preliminary results are promising.

3.27 Carbon-coating Furnace

W.F. Slater with R.J. Dinger (now at Ebauches S.A.,

Switzerland)

Quartz ampoules for CdTe work are coated on the

inside with a thin layer of pure carbon. The coating acts

as a release layer to prevent fracture of the quartz on

cooling and may also serve to protect the high purity CdTe

from picking up contaminants from the quartz at high tempera-

tures. Carbon is deposited by pyrolysis of an organic vapour

at the heated quartz surface. In the past this has been done

by admitting acetone vapour to the evacuated ampoule and

heating the surface with a torch. This procedure does not

produce very uniform or reproducible coatings.



Accordingly a carbon-coatinq system has been

designed and built that allows ampoules of various shapes

to be evacuated, heated to a controlled temperature, and

excosed to flowing Ar-10^ CV. at a constant pressure for

any desired length of time. The system consists of a

counterweighted furnace that can be lowered around the

ampoule to be coated, its power sunply, a thermocouple

temperature controller, and a vacuum line with a rotary

pump, vacuum and pressure gauges, and a valvinq system

to control the gas flow and pressure.

It has been found that a uniform, mirror-like,

coating with an estimated thickness of *0.5 vm is produced

in 15 minutes with an Ar-10% CH. pressure of -50 kPa at

900°C.

3.28 CdTe Sublimation

w.J. Woytowich

The stainless steel outer tube recently installed

in the sublimation furnace (PR-P-110:3.23, AFCL-5546) has

shown a tendency to warp after prolonged use at high tem-

peratures. Excessive warping can wake the tube difficult

to remove from the furnace or even break the quartz inner

tube. This problem has been brought under control by in-

specting the tube after each run, then straightening,

rotating, and removing exterior scale as needed.

The time required to sublime a given charge has

been reduced significantly by improving the H_ flow pattern.



3.29 CdTe Crystal Growth

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

W. Woytowich and J.G.V. Taylor with M.N. Wightman

(Nuclear Physics Branch)

The travelling heater apparatus is being

modified to provide a longer operating life for the

hot-zone furnace and a means of monitoring and con-

trolling the sample rotation rate. No crystals have

been grown by this method since the last report.

Three more samples have been crystallized by tJv

slow-cooling method.

3.30 CdTe Crystal Quality Tests

M.M.L. Racicot and H. Schmeing

To monitor the quality of the two CdTe

crystals qrown during the report period, *22A and *23,

several detectors were manufactured from both crystals.

Instead of the carbon contacts used routinely so far,

gold contacts vere used for these tests. A matrix of

gold contact areas was evaporated onto single crystal

slices using paper masks. A matrix allows us to deter-

mine the changes of the yr-product with position.

Because of decreased detector caDacitance the detector

noise is also reduced. The crystal #22A gave a

m-product for holes of 2 to 5 * 10~J cm /V, changing

with position across the face. No electron collection

was observed. The crystal f23, grown from a larger

charge and displaying slightlv smaller single crystal

areas yielded a pi-product of 2 * 10~ cm /V for holes.

Again no electron mobility could be observed. These

values indicate a desirable consistency in the crystal

growing conditions.
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In addition to these tests we retestcd the

detectors made from crystal #21, grown several months ago,

without finding a significant chanqe in the PT-product

measured earlier. This indicates that on this time scale

there are no observable effects of possible recrystal-

lization in CdTe.

Kach crystal produced is routinely cheeked for

Te inclusions by means of infrared microscopy and micro-

photography. All recent crystals display a very low level

of visible inclusions.

3.31 Miscellaneous

R.R. MacLanders, J.G. Wesanko, H.C. Spenceley and

M.A. Gulick

A three-cell gas scintillation counter system

consisting of a target chamber with a sliding sample

holder and two gas scintillation counters in tandem has

been constructed for Nuclear Physics Branch.

A quartz-platinum cell to determine the con-

ductivity and concentration of potassium methylaraide

solutions has been constructed for Physical Chemistry

Branch. This apparatus consisted of five interconnected

quartz flasks with graded quartz-to-pyrex seals between

the Young valve and break-seal. Graded quartz-to-pyrex-

to-soda glass seals were used to seal the platinum

electrodes in the coll.

Various glass systems were constructed for

Physical Chemistry, Metallurgical Engineering and Health

Physics Branches.



3.32 ft New Series of Beta-delayed Proton Precursors

H. Schmeing et al.

See PR-P-U1:2.13 .

3.33 T = 1/2 Beta-delayed Proton Precursors. I; **Se

H. Schmeing et al.

See PR-P-U1:2.14 .

3.34 The T =» +1/2 Series of_Beta-delayod Proton Precursors II;
TiKr and *'zr

H. Schmeing et al.

See PR-P-111:2.15 .

3.35 The Use of an Intrinsic Germanium Counter Telescope to

Detect Energetic Positrons

H. Schmeing et al.

See PR-P-111:2.17 .

3.36 The Chalk River Helium Jet and Skimmer Systew

H. Schmeing et al.

See PR-P-111:2.18 .

3.37 A Fast Tape Transport System for Use with On-line

Separators

H. Schmeing et al.

See PR-P-111:2.19 .



3.38 Publications and Lectures

Publications

THE FIRST-TO-ZERO-SOUND TRANSITION IN NON-SUPERFLUID
LIQUID "He
A.D.B. Woods, E.C. Svensson and P. Martel
Phys. Lett. 57A (1976) 439
Atomic Energy of Canada Limited publication ArCL-546n

MAGNETIC EXCITATIONS INI AHTIFFRPOMAGNETIC »<n. 7n F-
AT LARGE ?.n CONCENTRATIONS 1"C C d

G.J. Cooimbs, R.A. Cowley, W.J.L. Buyers, F.C. Svensson,
T.M. Holden and p.A. Jones
J. Phys. C 9 (1976) 2167

EVIDENCE FOR SELF-TRAPPED POSITRONS IN CADMIUM BELOW
THE VACANCY TRAPPING REGION
S.M. Kim and W.J.L. Buyers
in "Positron Annihilation", 4th International Conference
(1976) p. CIO

DETERMINATION OF ELECTRIC FIELD GRADIENT PARAMETERS IN
TELLURIUM
K. Hamilton, B.M. Powell and P. Martel
Can. J. Phys. 54 (1976) 1692
Atomic Energy oT Canada Limited publication AECL-5474

PRECISE MAGNETIC MOMENTS OF (h9/2)
n PROTON STATES

O. Hausser, J.R. Beene, A.B. McDonald, T.K. Alexander,
E.D. Earle, F.C. Khanna, I.S. Towner, G.A. Beer and A. Olin
Phys. Lett. 63B (1976) 279
Atomic Energy of Canada Limited publication AECL-5481

NUCLEAR LIFETIMES IN THE REGION OF 10"16 s MEASURED BY
TV M P W « P F m i M T A I HTC

J.C. Hardy, J.A. Macdonald, H. Schmeing, H.R. Andrews,
J.S. Geiger, R.L. Graham, T. Faestermann, K.P. Jackson
and E.T.H. Clifford
Phys. Rev. Lett. 37 (1976) 133.
Erratum Phys. Rev. Lett. 37 (1976) 459.



A NEW SERIES OF BETA-DELAYED PROTON PRECURSORS
J.C. Hardy, J.A. Macdonald, H. Schmeing, T. Faostormann,
H.R. Andrews, J.S. Geiger, R.L. Graham and K.P. Jackson
Phys. Lett. 63B (1976) 27.

Lectures

The following lectures were presented at the International
Conference on Magnetism, Amsterdam, The Netherlands,
Sept. 6-10, 1976:

CRITICAL SCATTERING IN THE SlWihRT GROUND STATE
SYSTEM PrjTl
J. Als-Nielsen, J.K. Kjeros, W.J.L. Buyers and
R.J. Birgeneau

AriISOTROPIC EXCHANGE IN AMTIFEPROHAGNETIC RbCoF3
7.M. Kolden, W.J.I.. Buyers and F..C. Svensson

NEUTRON SCATTERING BY URANIUM NITRIDE
F.J.L. Buyers, T.f. Holden, E.C. Svensson and
G.H. Lander

SPIM-WAVE DISPERSION RriATIONS OF PdjFe AT A .7 K
W.G. Stirling, A.J. Smith and T.M. Holden

EXCITATIONS IN NEOOVWIUM AN^IMONIDE
A. Furrer, H.J.L. Buyers, R.M. Nicklow and O.

CENTRAL PKAKS AMD SOFi* MODES IN PRASE ODYMIMM
J.G. Houmann, B. Lebech, A.1?. Mackintosh,
W.J.L. Buyers, O.D. ^c*Iasters etna
K.A. Oschneidner, Jr.

SPIN WAVES AND CENTRAL MODES IN CRYSTAL FIELD SYSTEMS
T.M. Holden. W.J.I.. Buyers, E.C. Svensson and H.-G. Purwins
Second International Conference on Crystalline Electric
Field Effects in Petals and Alloys, Zurich, Switzerland
Sept. 1-4, 1976



MAGNETIC EXCITATIONS AND PHONONS IH UO2 AND UN
W.J.I.. Buyers, T.M. Holdcn, G. Dolling, E.C. Svensson and
G.H. Lander
Second International Conference on the Electronic Structure
of the Aetinides, Wroclaw, Poland
Sept. 13-16, 1976

EVIDENCE FOR SF.LF-TPAPFED POSITRONS IN CADMIUM BELOW THE
VACANCY TRAPPING REGION
S.M. Kim and W.J.L. Buyers
4th International Conference on Positron Annihilation,
HelsingsJr, Denmark
August 23-26, 1976

CENTRAL MODES, SOFT MODFS AND MAGNETIC PIIASP TRANSITIONS
W.J.L. Buyers
Institut Laue-Langevim, nrenoble, Prance
Sept. 16, 1976

SPIN WAVnS AND THEIR PERTURBATION BY IMPURITIES
E.C. Svensson
Physics Department, Dalhousie University, Halifax, N.S.
August 31, 1976

ACOUSTIC PHONONS IN SnSe2
J.L. Brebner, S. Jandl and B.M. Powell
Conference on Layered Compounds, Bari, Italy
Sept. 6-10, 1976

Te INCLUSIONS IN CdTe GROWN FROM A SLOWLY COOLED Te
SOLUTION AND BY THE TRAVELLING SOLVENT METHOD
R.J. Dinger and 1.1.. Fowler
Second International Symposium on Cadmium Telluride,
Centre de Recherches Nucleaires, Strasbourg, France
June 29 - July 2, 1976
(paper given by J.G.V. Taylor)
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The following papers were presented at the International
Conference on the Interactions of neutrons with Nuclei,
Lowell, Mass., July 6-9, 1976:

THICK TARGET NEUTRON YIFLDS FRO*! THE 7Li(£,n)
AND 9Be(^,n) REACTIONS P

It.A. I.onet C.B. Bigham, J.S. Fraser,
li.R. Schneider, T.K. Alexander, A.J. Ferquson
and A.B. McDonald

nnUBLY RADIATIVE NEUTRON CAPTURE IN H2 AND D2
E.D. Earle, A.B. McDonald, M.A. Lone, H.C. Lee
and F.C. Khanna

THE NEUTRON STRENGTH FUNCTIONS AND RADIATION
WIDTHS OF 206T2 RESONANCES
R.R. Kinters, E.D. Earle, J.A. Harvey and
R. MacJclin
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Branch Head:
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F.
S.
H.
V.
I.

C.
A.
C.
F.
S.

G.E. Lee-Wh

Harvey
Khanna
Kushneriuk
Lee
Sears
Towner

K.B. Winterbon

Summer Staff

Q. Ho-Kim (1)
J.B. Sanders (2)
O.M. Haiustchak (3)

Secretarial Staff

M.E. Carey

(1) Visiting professor from Laval University, Quebec;
July 12 - August 6, 1976.

(2) Visiting professor from FOM-Institute voor Atoom-en
Molecuulfysica, Netherlands, May 3 - July 30, 1976.

(3) Student from Univ. of Manitoba, May 4 - August 18, 1976.



4.2 Interatomic Forces and Atomic Kinetic Energies in Liquid Helium

V.F. Sears with A.D.B. Woods, E.C. Svensson and P. Mar'el

(N.S.S.P. Branch)

Recently Rahman (Phys. Rev. All(1975)2191)

has proposed an iterative method for extracting the pair

potential, v(r), from the observed fourth moment of the

coherent neutron scattering function of a classical mona-

tomic liquid. For quantum liquids, such as liquid helium,

some adaptation of the method is required, because expres-

sions for the moments are known only as far as the third.

Fortunately, the quantum third moment depends on the same

integral over v(r) as the classical fourth; thus Rahman's

iterative procedure may also be applied to the third moments

of quantum liquids.

The third moment of the scattering function

of liquid helium at 4.2 K has recently been measured at

CRNL for wave-vector transfers in the range 1 <, Q <. 100 nm

and it is thought of interest to attempt to extract v(r)

using Rahman's prescription. ft is not clear yet whether

the required integral is determined with sufficient accuracy

at large Q to obtain v(r) by direct inversion of the data.

An alternative j.rproach, which is also being pursued, is to

test assumed models for v(r) against the low-Q data.

At large Q the third moment is determined

mainly by the averaqe kinetic energy per atom, which we

find to be 15.4 ± 3.2 K. This is consistent with the value

(14.4 ± 3.1) K obtained from the second moment.

4.3 Two-Body T-matrices at Finite Temperature

F.C. Khanna and O. Halustchak

A micoscopic calculation of the properties

of quantum liquids (He or He for example) at finite



temperature requires an accurate evaluation of the two-

body T-matrices resulting from the bare two-body interac-

tion (say Lennard-Jones potential). The Bethe-Goldstone

equation for the fermion as well as for the boson system

has been solved for finite temperature using the reference-

spectrum method. Anti-symmetrisation (Fermi) or symmetri-

sation (Bose) was included after averaging over the centre

of mass angles in the intermediate-state spectrum. A

computer program is being set up to use these T-matrices

to calculate the free energy of the quantum systems. Tem-

perature dependence of properties such as specific heat

will be studied. The computer program for the two-body

T-matrices will also be used to calculate the excitation

spectra of the Fermi and the Bose liquids.

4.4 Neutron Scattering from Isolated Clusters of Manganese Ions

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

(N.S.S.P. Branch)

Peaks in the frequency spectra of neutrons

inelastically scattered from K Mnn 1Znn QF, have been

interpreted (Svensson et al. PR-P-109:3.7 (AECL-5508),

PR-P-110:3.10 (AECL-5546)) as corresponding to the excita-

tions of isolated pairs and triplets of Mn2+ ions (S = 5/2+)

interacting via a nearest-neighbour antiferromagnetic

exchange interaction described by the Hamiltonian H =2J Sj-S

A computer program has been written to determine the quan-

titative accuracy of this model. For the wave-vector

transfer Q = 211a"1 (0.55, 0.55, 0.55) there are several dis-

crepancies between the predicted and observed spectra:

(a) At low temperatures the ratio of the predicted intensi-

ties of the main pair peak at 0.2 THz and the strongest

triplet peak at 0.7 THz does not agree with experiment:



(b) A peak in the experimental spectrum at 0.5 THz at low

temperatures, which was assumed to arise from the triplet

spctrum, is essentially absent in the calculated spectra

for symmetry reasons: (c) The temperature dependence of

the pair peak at 0.2 THz does not have the Boltzman

behaviour expected from the model. The calculations have

been extended to allow for isolated quartets and a dis-

torted crystal structure. Neither extension removes the

above difficulties. The calculations with isolated quar-

tets suggest that, with high experimental energy resolution,

an additional inelastic peak should be found at '̂-0.1 THz

at low temperatures (<-16°C> and near the Cs H h) reciprocal

lattice point. Excess intensity is observed in the region

of 0.1 THz in the present experiments but the experimental

resolution was not sufficiently high to show a separate peak.

4.5 Penetration of Heavy Ions in Solids

K.B. winterbon and J.B. Sanders

Work on exact solutions of path-length dis-

tributions is continuing. The recurrence relation for the

depth moments of a range distribution, for example, can be

considered as a functional equation for the Legend^e coef-

ficients of the Mellin transform of the distribution, when

the depth variable is replaced by distance measured along

the particle path, all angles drop out, and the distribution

can be expressed as an integral. It was reported in the

last progress report (PR-P-110:4.5 (AECL-5546)) that the two

asymptotic series, valid for large and small path lengths

respectively, had been discovered. It has been found imprac-

tical to evaluate these series beyond the first term of each.



However the distribution can be obtained by numerical eval-

uation of the integral, although the numerical integration

is unexpectedly difficult. The analysis can easily be

extended to damage and ionization distributions in the same

path-length approximation, and similar analysis can be

applied to recoil numbers or recoil spectra for power-law

stopping in the presence of electronic stopping.

4.6 Exchange Currents and the Isoyector Ml Operator

H.C. Lee, I.S. Towner, F.C. Khanna and Q. Ho-Kim (U. of Laval)

The exchange of mesons and the presence of

nucleon isobars in nuclei modify the vector (jv) and the

axial vector (j.) currents in the nucleus. The additional

contributions appear as two-body operators, which must

be combined with the conventional one-body operators. A

computer program has been set up to calculate matrix elements

of this two-body operator between harmonic-oscillator shell-

model states. The main aim is to calculate exchange-current

contributions to magnetic moments and Ml-transitions in

nuclei in a manner consistent with the renormalization of

operators in the spherical shell model.

4.7 Unified Theory of Particle-Phonon Coupling

H.C. Lee

A unified microscopic theory of particle-

phonon coupling has been applied to Sb and In isotopes.

The coupling interaction is derived from the same realistic

two-body interaction which explains the vibrational exci-

tations, or phonons, in Sn. Spectroscopic factors, level

schemes and B(E2) values calculated with no adjustable

parameter are in good agreement with experimental data.
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Although the coupling interaction is derived

from a complicated two-body force, its matrix elements can

be reproduced by very simple effective interactions, because

the complex structure in the original force is washed out

in the processes of averaging over the large number of par-

ticles involved in the phonon. Thus it has been possible

to extract "universal" isoscalar and isovector coupling

constants for the effective interaction.

4.8 Coulomb Corrections to Fermi Beta Decay

I.S. Towner, M. Harvey and J.C. Hardy (Nuclear Physics Branch)

Tests of the universality of weak-interaction

theory based upon measurements of superallowed 6-decay

require an accurate extraction of the vector coupling con-

stant from the experimental data. The largest uncertainty

in this extraction arises from a model-dependent theoretical

correction, 6 , that quantifies the breakdown of perfect

isospin symmetry in analogue states. In the extreme single-

particle model,6Q represents the departure from unity of the

overlap integral involving single neutron and proton wave-

functions of the same quantum state. The presence of the

Coulomb force gives rise to non-zero values of & .

A study of the magnitude of 6 in two single-

particle models (a harmonic oscillator potential and a Saxon-

Woods potential) has shown that &c is very sensitive to the

type of potential, and, within a civen type, to the precise

values of the parameters. An attempt is being made to

determine the accuracy of the parameters of a model based

on a fit to experimental data on binding energies, mean

square radii and density distributions as deduced from

electron scattering. In this way we hope to be able to

attach confidence limits to the magnitude of 6 for nuclei

with A < 60.
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4.9 Diffusion of Hydrogen in a Stressed Cracked Medium

G.E. Lee-Whiting

In the problem as originally defined (PR-P-

106:4.13 (AECL-5226)) the hydrostatic stress in a neighbour-

hood at the head of the crack was approximated by the

leading term in an expansion of the solution to the crack

problem in linear elasticity. Such a solution is only a

crude approximation in a region in which we have much

plastic deformation. Comparison of the numerical solu-

tions (PR-P-110:4.8 (AECL-5546)) to the problem with the

approximate stress distribution showed that a second-order

(in the applied stress) perturbation solution was of ade-

quate accuracy. The second-order perturbation expression

for the rate of diffusion of hydrogen toward the platelet

at the head of the crack has now been generalized to a

completely arbitrary distribution of hydrostatic stress.

The coefficients in the new expansion contain one- and

two-dimensional integrals of the stress distribution.

4.10 A Linac Structure, without Axial Symmetry

G.E. Lee-Whiting

Another method of calculation has been devised

for the simplified, axially symmetric cell with a central

conductor of varying diameter introduced in PR-P-110:4.10

(AECL-5546). This method involves choosing the coefficients

of a finite number of eigensolutions in such a way as to

minimize the boundary-condition error on the central conductor.

The method works very well when the cavity length is equal

to a half wave-length, but loses accuracy when the cavity

length is reduced. The reduction causes ZT to increase-

rapidly; it is not yet known whether this is a real effect,



or merely a consequence of the increasingly bad fit to

the boundary condition. In order to gain a better under-

standing of several puzzling features of these calcula-

tions we have returned to the original method, i.e.

choosing a boundary which is an orthogonal trajectory to

the field lines, but with a restriction to only two eigen-

solutions. Necessary and sufficient conditions for the

existence of a physically satisfactory orthogonal trajec-

tory have been formulated. One surprising result has

emerged; it has been proved that cavities of the type

under consideration can be resonant at any given frequency

for arbitrarily snail length and diameter.

4.11 Reports, Publications and Lectures

Reports

COMPUTING MOMENTS OF IMPLANTED-ION RANGE AND ENERGY DISTRIBUTIONS
K.B. Winterbon
AECL-5536, June, 1976

Publications

PRECISE MAGNETIC MOMENTS OF (h 9/ 2)
n PROTON STATES

O. Hausser, J.R. Beene, A.B. McDonald, T.K. Alexander,
E.D. Earle, F.C. Khanna and I.S. Towner
Phys. Lett. 63B(1976)279

Lectures

THE DYNAMICS OF LIQUID 3He
H.R. Glyde and F.C. Khanna
Conference on Neutron Scattering, Gatlinburg, Tenn., June 6-10/76;
presented by V.F. Sears

DOUBLY RADIATIVE NEUTRON CAPTURE
F.C. Khanna, E.D. Earle, A.B. McDonald, M.A. Lone and H.C. Lee
Int. Conference on Interaction of Neutrons with Nuclei,
Lowell, Mass., July 5-8/76.

ISOSPIN SYMMETRY BREAKING IN SUPERALLCWED 0-DECAY
I.S. Towner
Summer Seminar in Nuclear Theory, Queen's Univ., Sept. 3-4/76.
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(1) Summer student from Carleton University; terminated 3
September 1976.

(2) Summer student from University of Waterloo; terminated
1 September 1976.

(3) Terminated 17 September 1976.
(4) Maternity leave 4 August to 2 December 1976.
(5) Terminated 19 August 1976.
(6) Joined Branch 3 August 1976.
(7) Maternity leave 26 July to 15 October 1976.
(8) Waterloo co-op student; terminated 31 August 1976.
(9) Summer student from University of Waterloo; terminated

3 September 1976.
(10) Maternity leave 13 September to 31 December 1976.
(11) Summer student from University of British Columbia;

terminated 27 August 1976.
(12) Waterloo co-op student; joined branch 7 September 1976.
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5.2 CDC 6600 System

(i) FORTRAN Compiler

M.B. Carver and D.G. Stewart

FORTRAN 4.5, installed in the system during the

last report period, continues to operate smoothly. Minor

errors were detected and corrected in the pagination of the

compiler output, and in the exponential function. A newer

release from CDC has been made available to users for

testing and evaluation, and the previous version FTN4.2 is

now no longer needed. Further updating of FORTRAN will not

be possible until a major system change incorporating CDC's

new loader is implemented. Such a change requires con-

siderable coordination, and is not contemplated until plans

for possible hardware changes are consolidated.

(ii) Permanent File Functions for Keyboard Terminals

G.H. Keech

The original FORTRAN version of the routine

EXPFMGR, which manages permanent file functions for keyboard

terminals, has been replaced by a COMPASS version. Various

diagnostic checks have been added to ensure the validity of

the permanent file requests, and informative dayfile mes-

sages provided.

(iii) Documentation of Paper Tape Procedures

G.N. Williams

Extensive revisions were made to the document "A

Guide to Paper Tape Input on the 6600" to (a) make it

consistent with the AELTB description B-12-1 for the paper

tape reading routine PTREAD, and (b) clarify some of the

concepts with which users were having difficulty. The new

version is now available.



K.I

5.3 CDC 3300 System

(i) Keyboard Terminals

J.F. Steljes

The number of keyboard terminals has been expanded

to include 22 dedicated-line terminals (of which three are

in Meadowvale and one in Sheridan Park). There has been a

considerable increase in the use of the dial-up terminals

recently; new users include Glace Bay and Port Hawkesbury

Heavy Water Plants and Ontario Hydro.

A number of changes and improvements have been

made to the routines for dealing with these terminals. A

transparent mode of inputting and outputting data suitable

for computer-computer use without human intervention is

being developed.

(ii) Remote Job Ei.try Terminals

J.F. Steljes

The number of dedicated-line terminals has been

increased by the addition of two lines to Meadowvale and one

to Westinghouse in Hamilton. A more general identification

scheme is now in operation together with safeguards against

unauthorized entry into the computing system.

The transparent mode of data transmission has been

extended to include output, and a number of new instructions

have been introduced.

(iii) High-Quality Printing Terminal

L.D. Hansen

The need has been recognized for a device capable

of producing printed computer output of a higher quality

than can be obtained from high-speed printers.

Accordingly, specifications for a high-quality

received. The submissions are now being evaluated.



5.4 DECsystem-10

J.A. Edgecombe

(i) Monitor

Some elusive errors were identified and corrected,

including incorrect handling of a stack overflow condition,

and a logic oversight in a previous code change. Since

these corrections were made, the system ran 172 hours (1-7

September) with no reloads needed.

(ii) DEC-Supplied Programs

Major corrections to the MAKLIB library utility

were made to correct errors in new features, and speed it up

by a factor of seven. Most of these changes have been

already inserted by DEC in their development version of the

program.

Minor changes were made in LINK-10, COMPIL,

BATCON, and SYSINF to correct problems detected here. The

problems and suggested solutions were communicated to DEC.

(iii) Display Driver

Code to support the new display unit under de-

velopment here was inserted in the driver. This has not

been completely tested, as the hardware is not yet func-

tioning. The MARKER feature of the current display was

integrated with that of the new one, and this feature now

works with the current display - it had previously not been

reliable.

(iv) Extended I/O Interface

Changes to permit concurrent use of the XIO by

several users were made. The timing of delays was improved

by using the high-precision clock discussed previously (see

PR-P-109; 5.2(iii); AECL-5508).
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5.5 Computer-Aided Control System for the Super-
conducting Cyclotron and MP Tandem Accelerator

R.L. Graham, R.B. Walker (Nuclear Physics Branch)
and L.D. Hansen

See PR-P-111; 2.26; AECL-5614.

Detailed study of some of the software which has

been received from the Hahn-Meitner Institute was begun.

As a result, some of the details of the control variable

data base have been discovered. Better documentation is

required and hopefully will be available after the proposed

trip to the Institute in November.

5.6 Pickering Pressure Tube Data Base

G.N. Williams

Further data have been added to the data base and

a statistical analysis of these data completed. A number of

retrieval requests for Power Projects have been satisfied.

A report is being produced describing the method

used to store the data and also listing the auxiliary pro-

grams written to perform plotting and statistical analysis.

5.7 Neutronic Calculations for
Fusion Reactor Blankets

P.Y. Wong and S.A. Kushneriuk (Theoretical Physics Branch)

The two benchmark calculations described in the

last orogress report, PR-P-110; 4.2; AECL-5546, have been

completed. The results are satisfactory. A report sum-

marizing the work thus far is being prepared.



5.8 Analysis of Acoustic Phenomena
in a System of Steam Mains

W.N. Selander and P.Y. Wong

A program has been written to compute the fre-

quencies of standing acoustic waves in a steam-filled system

of pipes, orifices and cavities. The model represents the

G-l primary steam supply system with modifications to in-

clude the lines to the reboilers and tie-lines. Reheater

and hotwell circuits, and feedwater heater and deaerator

circuits have been included in the model in an approximate

way. At present a number of subcases of the program are

being evaluated for purposes of checking accuracy and

identifying modes.

5.9 Numerical Integration

(i) FORSIM

M.B. Carver and D.G. Stewart

(a) Dynamic Storage

An unforeseen use of FORSIM in conjunction with

experimental data from the Advance Engineering Branch has

generated demands for more storage. A modification op-

tionally allowing the user to set all array sizes has been

developed and incorporated.

(b) Standardization

Efforts to remove non standard CDC FORTRAN expres-

sions which have crept into FORSIM continue on a low-priority

basis. This alleviates some of the problems in publishing

the code, and transporting it.



(c) External Requests

Institutions which have recently been provided

with copies of FORSTM include the US Bureau of Mines, McGill

University, Lawrence Radiation Laboratories, the University

of Texas, and the Rutherford Laboratories. A standard

package containing FORSIM, test programs and documentation

has been set up, with the result that little time is re-

quired to process such requests.

(ii) Partial Differential Equations
Using Functional Approximation

M.B. Carver and D.G. Stewart

The subroutine package POECOL has been obtained

from N. Madsen of Lawrence Radiation Laboratory in exchange

for FORSIM. This package uses variable order spline ap-

proximation to spatial derivatives with collocation at

integration points. For well-behaved equations, this method

is very accurate, and as it can reduce the number of inte-

gration points required to a number well below that needed

by finite difference methods, it can be extremely fast.

Once converted to run on our system, PDECOL performed as

predicted. For Madsen's test case, PDECOL proved to be

considerably faster than FORSIM, but for some of the FORSIM

test cases, the execution times were almost identical.

However, some cases could not be solved by PDECOL. Because

of this lack of generality, PDECOL will not be recommended

to AECL users, but special cases might merit its use. Some

of the ideas incorporated in PDECOL suggest ways of im-

proving FORSIM. In particular, the mechanism for handling

non-linear boundary conditions in PDECOL is considerably

more efficient than FORSIM.



(iii) Quadrature

M.B. Carver and V.J. Jones

The extension of the repertoire of quadrature

routines in A3LIB has been completed. A number of available

routines have been modified and tested, and on the basis of

this work, new routines have been documented for incorpo-

ration in AELIB. These include routines for the integration

of arbitrary functions, specialized functions and tabular

data. A report "/ f(x)dx: An Evaluation of Availablea
Quadrature Algorithms and Selection for the CRNL FORTRAN

Mathematical Library" currently in draft form, contains a

description of the tests, library documentation, and a

decision tree rationale by which a user can select the

quadrature routine which will best suit his requirements. A

Mathematics and Computation Branch seminar on the topic

produced some helpful interaction with potential users, and

their suggestions will be incorporated before the work is

completed.

(iv) Integration of Ordinary Differential
Equations Containing Discontinuities

M.B. Carver

The work on aiding the Hindmarsh/Gear algorithm to

integrate over discontinuities, discussed in PR-P-ilO; 5.10;

AECL-5546, although an improvement, was still a patchwork

job. However, discussions of the Lie series method with

H.J. Halin during his visit from the Swiss Federal Univer-

sity, Zurich, triggered an investigation of the possibility

of applying similar techniques in predictor corrector

methods.

Ordinary differential equation sets are normally

written explicitly in terms of their time derivatives
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dy
3T- - f,(t.y.,....y ) i=l,n.

If discontinuities occur, these change the definition of the

functions f-, and in general the equation set becomes

^ i = f i j ( t , y i yn> }:j;; (1)

where th<?re are m possible states of the system, the selec-

tion of rfhich is determined by the behaviour of Z arbitrary

functions

<J-k(t,y,...,yn) = * k k=l,e, «<m (2)

In the Gear algorithm the predictor formula is

based on q scaled derivatives g(y ) and is

It appeared that using a similar formula to (3) to

predict behaviour of the discontinuity functions <t> would

allow a more exact handling of discontinuities. In par-

ticular, if functions (2) are handled not as algebraic

relationships, but as additional differential equations in

(1), the mechanism for prediction (3) is now built in with

the algorithm ani provides an extremely accurate deter-

mination of the discontinuity functions within the current

integration step. This can now be used to control the

integration. Preliminary results show that computation

times in the neighbourhood of a discontinuity can be reduced

by over 90%, and accuracy is also improved.

5.10 Stress Analysis

(i) MARC - General

B.V. Riff

Revision G, release 3, received from MARC, was

installed on permanent file for testing. An attempt was

then made to run the demonstration programs on the G3 level.



A number of problems were encountered, MARC was notified and

corrections to the G3 update have been received. The demon-

stration programs now run with no obvious errors, and MARC

users have been requested to try the new version. Testing

will continue until it is felt that G3 can be made the

normal running version.

The number of attaches of MARC per day is now

averaging five. This number is lower than previous quarter

averages as a result of the increased job load on the CDC

6600 and the consequent slow turnaround of the larger and

more system-demanding jobs.

(ii) Stress Analysis of the End Rings of the
Heavy-Ion Superconducting Cyclotron

J.M. Blair and B.V. Riff

As noted in PR-P-110; S.ll(ii); AECL-5546, the

MARC code is being used to estimate the maximum stress in

the end ring weld of the superconducting cyclotron.

In the octagonal-shaped ring and wall the deforma-

tion is symmetrical about the weld plane and the plane at

90 to the weld, so the model considers only one quarter of

the ring and wall. Symmetry conditions are imposed on the

weld face and the 90° face, and at the mid-plane face of the

wall. The resulting structure is subdivided into 64 three-

dimensional elements, 56 in the ring and 8 in the wall.

In one analysis the ring and wall were connected

by "gap" elements, to determine the extent of the gap which

develops when the load is applied. The results show that

the two faces separate enough that the gap elements are

unnecessary, and all subsequent analyses treat the ring and

wall as being unconnected except at. he inner edge of the

wall, where perfect contact is assumed. A further ass...-)-

tion is that the pressure load on the ring is uniform and



axisymmetric. This assumption seems reasonable, and is

reinforced by the resulting displacements which arc almost

axisymmetric.

The code predicts that the maximum stress occurs

in the weld adjacent to the junction between the wall and

the ring. For an applied load of 10 MN (1100 tons) the

maximum Mises stress is computed as 26.1 MPa(^3800 psi),

which is the estimated stress at the integration point

closest to one corner of the element. The peax stress

occurs at the corner, and the only way to estimate it

reliably is to repeat the analysis with a smaller finite

element mesh. Doubling the number of elements in each

dimension is not feasible, because the amount of computer

resources required becomes prohibitive, and we have made a

further simplifying assumption which reduces considerably

the size of the problem. If we assume that the weld face is

completely rather than partly welded, the stresses on the

22.5° plane differ from the previous stresses by no more

than 13% of the applied load. Thus, if we use on the 22.5°

plane the boundary conditions appropriate to a completely

welded face, while still using the proper boundary con-

ditions on the welded face, we can reduce the model to one

sixteenth of the ring and wall, without altering the com-

puted stresses by a significant amount. The latter struc-

ture is modelled with 128 elements, giving an effective

doubling of the number of elements in each dimension.

Computer results have not yet been obtainable because of the

low priority assigned to the job when it enters the CDC G60C

system.

(iii) Heavy Water Plant Impeller

B.V. Riff (for H. Hatton, Applied Mathematics
Branch)

Using MARC, the stresses in the "cover rim" of the

heavy water plant impellers at a running speed of. 1855 RPM



wore calculated. The maximum stress was found to be less

than holf the yield strength of the material.

5.11 Data Reduction Programs

(i) Bruce Heavy Water Plant
Data Acquisition Decoding

C D . Price

A. Miller and R. Judd requested that a set of

programs be written to copy, decode and list sets of data

received from the Bruce Heavy Water Plant for their heavily

instrumented tower.

The source tapes arc first copied and compacted

into a more efficient format. The compacted information is

then decoded; both ASCII and Data General internal binary

data may be contained within the same record.

A simplified retrieval program, RETRIEV, was

written to demonstrate how t-he decoded data file could be

used. R. Judd will write the specific retrieval programs

for AECL and Ontario Hydro personnel.

(ii) BRUCEONOFF

C D . Price

Dr. R. Pathania requested a graphical represen-

tation of the Bruce Heavy Water Plant ON/OFF performance for

both enrichment units.

A FORTRAN program was written to read data span-

ning the period 1 January 1973 until 30 June 1976, and

produce shut-down and back-on records for printed and

graphical output. The arrays containing the on/off status

of both enrichment units were saved, and can be extended, if

required, for future up-to-date examination.



(iii) JAGSPOT

G.H. Keech

Two new options have been added to the control

card system for JAGSPOT. One can "drop" fitted peaks whose

calculated center positions lie outside the spectrum window.

The second option allows greater control over the use of the

two fitting functions possible. For example, one can sup-

press the default option of trying a pure Gaussian fit when

the integrated Gaussian fit has failed.

(iv) NPD Heat Transport System

E.G. Long and W.T. Bourns (System Materials Branch)

The program FILTER, which analyses activity data

from the NPD heat transfer system {PR-P-105; 5.11(ii); AECL-

5121 and PR-P-103; 5.8(iii); AECL-5315), was enhanced and

restructured. An auxiliary program, NPDPLT, was written to

provide plots of the activity data.

A user's manual and program documentation are

being prepared.

5.12 Information Handling Programs

Parts Inventory

G.N. Williams

A request has been received from Mechanical

Services Branch for a computer-based system to keep track of

equipment and parts inventory. Information has been ob-

tained on Control Data Corporation's Interactive Inventory

Control System which does many of the things requested.

Final specifications for the Mechanical Services requirement

are currently being prepared.



5.13 Miscellaneous Programs and Subroutines

(i) M5M0DES

G.H. Keech

Further modifications have been made to the free-

format version of L3MODES (which prepares punched paper tape

for controlling neutron spectrometers), and the version

renamed NSMODES. A manual has been written for the input

data system.

(ii) PDP-9 Data

D.G. Stewart

Several separate requests were received for pro-

grams to read data from a magnetic tape recorded by a PDP-9.

A procotype program was written in such a way that it can be

altered easily to suit each individual case.

5.14 Operations

(i) Job Accounting

C D . Price

(a) CONTRACTS

A COBOL Program was written to produce reports of

use of the Computing Centre by companies working on AECL

contracts. Currently Canadian Westinghouse is the only

company receiving this report via their remote job entry

terminal.

(b) SPECIAL Priority Jobs

A FORTRAN program, SPECIAL, was written to report

jobs that receive special input, queue priorities. A copy of

this report is provided to Power Projects in Meadowvale for

monitoring use of the special priority being given to safety

analysis.



(ii) Equipment Changes

B.B. Ostrcwn

An 363 drum storage unit has been acquired to

augment and back up the 861 drum, which has been running

for 11 years. A sudden deterioration of the surface of the

861 earlier this year reduced usable storage by nearly 25%;

it has been removed from service pending refurbishment by

CDC.



(iii) Computer Use by Division

The following table is an analysis of the jobs

processed during the quarter.

Commercial Products

Power Projects

WNRE

CRNL:

Computing Centre

Contracts

Number of Jobs

2 (0.00%)

9,441 (12.64%)

2,392 C.20%)

17,287 (23.15%)

722 (0.97%)

Technical Information
& University Relations 1,057

Office for Vice
President

(1.42%)

0 (0.00%)

Biology and
Physics

Chemistry &

Physics

Health

Materials

2,

2,

5,

333

710

485

(3.

(3.

(7.

12%)

63%)

35%)

Electronics, Instru-
ment and Control

Advanced Projects &
Reactor Physics

Fuels & Materials

Administration

Medical

Finance

Operations

Maintenance &
Construction

General Services

Plant Design

Special Projects

Others

650 (0.87%)

Utilization
System Seconds

.02 (0.00%)

459,494.89 (28.29%)

125,923.15 (7.75%)

182,202.91 (11.22%)

3,339.87 (0.21%)

7,168.25 (0.44%)

0.00 (0.00%>

62,891.92 (3.87%)

17,575.73 (1.08%)
214,949.51 (13.231)

5,161.28 (0.32%)

11
10

1

3

2

74

,949

,815

649

440

,589

,352

0

230

81C

,656

102

,671

(16.00%)

(14.48%)

(0.87%)

(0.59%)

(2.13%)

(4.49%)

(0.00%)

(0.31%)

(1.08%)

(3.56%)

(0.14%)

241,769.34

200,167.07

3,186.01

1,023.04

18,631.83

59,475.67

0.00

1,273.48

3,737.64

11,898.83

4,592.43

1,624,462.89

(14.

(12.

(0.

(0.

(1.

(3.

(0.

(0.

(0.

(0.

(0.

88%)

32%)

20%)

06%)

15%)

66%)

00%)

08%)

23%)

73%)

28%)



5.15 Publications, Reports and Lectures

Publications

COMPUTING CENTRE NEWSLETTER, Vol. 3, Nos. 7, 8 and 9
Edited by L.E. Evans and G.N. Williams

Lectures

AN INTERDISCIPLINARY PARTIAL DIFFERENTIAL EQUATIONS SOLUTION
PACKAGE
M.B. Carver
International Symposium on Large Engineering Systems,
University of Manitoba, 9-12 August 1976.

A CRITICAL REVIEW AND PROPOSED EXTENSION OF THE QUADRATURE
REPERTOIRE IN THE CRNL MATHEMATICAL LIBRARY
V.J. Jones
Seminar, 1 September 1976



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 TRIOMF

6.3 Research Applications

6.3.1 Fast Intense Neutron Source
6.3.2 Heavy-Ion Superconducting Cyclotron

6.4 Mechanical Laboratory

6.4.1 High Current Test Facility
6.4.2 Electron Test Accelerator
6.4.3 Fast Intense Neutron Source
6.4.4 Heavy-Ion Superconducting Cyclotron
6.4.5 Reactor Physics

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

BRANCH HEAD: P.R. Tunnicliffe

Professional Staff Technical Staff

C.B.
J.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
Chidley
Fraser
'unk
Heighway
Hepburn
Hodge

J. Hoffmann
Hulbert
Hutcheon
James (1)
McKeown
McMichael
Ormrod
Schneider
Schriber
Shubaly
Ungrin

Mechanical Laboratory

J.E
R.J.
R.J.
N.I.
D.W.
J.F.

. Anderchek
Bakewe11
Kelly

G. Labrie
War ren
Weaver

Secretarial Staff

Mrs. M.A. Trecartin

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.
C.J.
R.A.
A.E.

Ardiel
F. Bird
Birney
Campbell
Cox
Dobbs
Geoffrey
Gillies
Hohban
Hood
Jones
Kidner
Metivier
Michel
Moore (2)
Vokes
Weeden

Laboratory Services

J.H.
J.J.

Hewitt
Murphy

Summer Visitor

S.B. Harvey (3)

Summer Students

P.J. Bailey (4)
G.S. Mitchard (5)
J.E. Mulvihill(6)
W.A. Robison (7)

(1) NRC Post Doctorate Fellow.
(2) Waterloo Student, resigned 27 August 1976.
(3) Summer Visitor from McMaster University,

resigned 3 September 1976.
(4) Resigned 27 August 1976.
(5) Resigned 30 July 1976.
(6) Resigned 30 July 1976.
(7) Resigned 27 August 1976.
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6.2 Nuclear Power Applications

6-2.1 High Current Test Facility

B.G. Chid ley

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

The injector was shut down early in the present

quarter to dismantle the accelerating column for inspection.

The titanium electrodes showed very little sparking damage.

Shallow pitting Marks were found within two or three milli-

metres of the beam apertures and several regions of spark

polishing were found on electrode skirts in the highest

gradient regions. Five voltage breakdown tracks were found

on the vacuum side of the alumina insulators. All were along

the bottom of the column and are believed to have been

initiated by particles of molecular sieve material which

entered the column during loss of vacuum.

The 700-750 kV insulator that had been previously

reported (PR-P-109, 6.2.1 a); AECL-5508) as showing a large

number of voltage breakdown tracks on the SF, side of the
b

column was successfully cleaned by shot blasting with

alumina beads. A tubular hoop has been added to the column

to reduce the electric field concentration which produced

the tracking.

The column was reassembled after the spark damage areas

were polished and, after high voltage conditioning, low

current operation has begun. Gas leaks from the SF, vessel
b

which existed before the shutdown have been sealed with the

use of thicker gasket material.
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The column resistor chain has been altered to

reduce the potential across those accelerating gaps which

showed spa«-k polishing on the electrode skirts. The

operating period since the shutdown has not been long

enough to determine the effects of this change on reliability.

b) Emittance Measuring Unit 1E1U)

M.R. Shubaly

The emittance measurements reported previously

(PR-P-1Q8, 6.2.1? AECL-5315) were extended to proton currents

of 10 mA (20 mA column current). The present measurements

have been limited to a proton energy of 650 keV by the

accelerating column. The increased current and improved

technique have given a clearer picture of beam behaviour.

Figure 6.2.1.1 is a composite photograph of the

beamlet pattern made by taking separate photographs for

different beam deflection angles. The divergence in the

horizontal plane was so great that the full pattern could

not be displayed on one photograph; indeed the "tails"

extended past the edge of the second photograph. A third

photograph was not possible as the main portion of the beam

(shown by the relatively circular dots) struck the chamber

wall and the electrons generated caused the scintillator

screen to flare. The following observations show that the

tails are not caused by he beam sweeping across the plate

and are generated by some mechanism upstream from the second

bending magnet -

1) For some triplet settings, the tails are nearly

vertical, are separated from the dots or start

"ahead" of the dots.

2) There are tails without dots.

3) Measurements made with thermocouple probes upstream

of the second bending magnet show that the boundary

on one side of the beam (the side corresponding to

the dots) is sharply defined; the boundary on the

other side is diffuse.
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Figure 6-2.1.1 Beaptlet Pattern

By compariny the currents to the plate when the beam was

shifted so that a minimum and maximum amount of the tails

struck the plate it was determined that ~cre than 10% of the

total beam current was in these tails. Figure 6.2.1.2 shows

the emittance plot for the horizontal plane showing the

phase space areas for the dots i80-90%) and for the tails

(10-20%) of the beam. The normalized eotittance in the

horizontal plane for the major part (80-90%) of the beam is

0.18 in cm-mrad. The value including tails is greater than

1.5 ii cm-mrad. Because measurements could not be made to

the edge of the beam, and because the tails overlapped ov^r

most of the range, this figure must be considered as a con-

servative (optimistic) lower bound. The measured emittance

in the vertical plane is 0.15 u cm-mrad. All of these are

much larger than the measured normalized emittance of 0.048

it cm^mrad for the source. Even at this low current, the

emittance of a significant pottion of the beam exceeds the

normalized linac admittance of 0.88 y cm'mrad. Study of

this effect will continue.



I (Ml

. INCLUDIHG TAILS

x EXCLUDING TAILS

30

10 HA

HORIZONTAL FUME

-20

CO

Figure 6.2.1.2 Emittance plot for horizontal
plane.

c) Ion Source Development

M.R. Shubaly

The results of experiments with the duoPIGatron

sources, fabricated from old duoplasmatron parts, have been

so encouraging that a development program to produce a source

optimized for high current: 100% duty factor accelerators is

plarned. Only low current studies have been carried out at

present because a 3 mm plasma aperture had been fitted to

the source. This gave 3 mA beam current, about the same as

with a 3 mm duoplasmatron. However, the mass fractions for

the duoPIGatron were 75% H+, 25% H * as compared to approxi-
+• + +

mately 40% H , 35% H2 , 25% H3 for a duoplasmatron at the same

current. The beam is very narrow, less than 2.5 cm, compared

to the normal 5-7 cm. The transverse momentum distribution

shows only a single narrow peak. The normalized emittance

is 0.0061 IT cm-mrad for > 95% of the beam, a factor of three

better than achieved by a duoplasmatron at the same current
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and aperture. Another advantage of this source is that it

is self-starting. The major disadvantage is that the gas

consumption is 20% to 50% higher than for the duoplasmatron.

New electrodes are being designed to reduce the gas conductance

in the source and improve the gas efficiency.

The redesigned source for FINS has been assembled

and is being tested. A satisfactory design of intermediate

electrode to anode geometry has been achieved, giving good

current and reliable starting. The improved cooling of the

intermediate electrode nose has drastically reduced canal

erosion.

d) Alvarez Linac

B.G. Chidley, J.C. Brown and J. Ungrin

High power testing of the triode amplifier began

during the period with rf conditioning of the tube at low

plate voltages, high bias and minimum permissible drive.

Rf leakage from the plate water cooling line penetrations

during the first run indicated that some readjustment of the

double bucket rf chokes on these lines was required; rf

leakage has now been reduced to an acceptable level.

Rf conditioning of the tube has proceeded satis-

factorily. Although the idle period since delivery was long

the tube vacuum remains excellent under rf operation and

clean up of the active surfaces appears to be proceeding

normally. We have now achieved an output power of 200 kW

(about half the 400 kW target level) as shown in Table

6.2.1.3. The power gain for minimum permissible drive is

large, as had been indicated in RCA pulsed test results.

The alignment jig for the drift tubes of the

Alvarez tank did not work satisfactorily. A new jig was

designed and built but has not been tested.



Table 6.2.1.3 A1S039 Triode Amplifier Typical

Operating Conditions (268.3 MHz)

Grid Drive Power
Grid Bias Voltage

Grid Current

Plate Voltage

Plate Current

Power Output

Power Gain

Efficiency

kW
V

A

kv
A

kW

%

Electron Test Accelerator

10
40

26. S

10.8

22

150

15
(11.7 db)

63

12
42

33

12

27

210

17

(12.4

62

.2

.5

db)

6.2.2
J.S. Fraser

This experimental 4 MeV 100% duty factor electron

accelerator is intended to study problems associated with

the main portion of a spaHat ion neutron factory based on a

proton linear accelerator.

a) Accelerator Studies

J.S. Fraser, J. McKeown and G.E. McMichael

The effective shunt impedance (ZT ) of the buncher

cavity was measured with a filter-lens apparatus patterned

after a design by J.A. Simpson and I. Martin, Rev. Sci. Inst.

37, 602 (1961). The apparatus consists of an electron gun,

the buncher cavity, the filter lens and 2 Faraday cup placed

along the beam line in that order. A retarding potential

equal to the electron gun cathode potential is applied to the

central electrode of a three-element lens. A variable 60 Hz

signal is superimposed on the dc retarding potential and a

search made for the extinction of the beam reaching a Faraday

cup beyond the lens. The following results were then obtained

at three buncher power levels.
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Table 6.2.2.1

Buncher Power Peak Energy Modulation

30 watts 7.3 i 0.7 keV

35 7.7

56 9.9

The average value of the effective shunt impedance

from these results is 1.74 s 0.2 MQ. For the buncher cell

length of 9.36 cm, the effective shunt impedance per unit

length is 18.6 MO/m.

The peak energy modulation has been calculated for

optimum bunching using a beam dynamics code, LINGUN. The

value obtained, 7.9 keV, is in agreement with the value

7.3 t 0.7 keV measured at the optimum buncher power of

30 watts.

The beam loading effect on the buncher field can

be estimated with the aid of a theory developed by

G.E. Lee-Whiting (private communication). For a peak energy

gain of 7.3 keV and an estimated transit time factor of 0.9,

the average energy gain of an electron in the buncher is

calculated to be ^ 30 eV. A first-order theory shows that

the average energy gain should be zero. The power dissipated

in the buncher during this measurement was 30 watts so that

with a beam current of 10 mA, 1.0% of the power would be

absorbed by the beam and the field would be depressed by 0.5%.

A preliminary attempt to measure this effect yielded a

reproducible reduction in the ratio of a buncher probe signal

(proportional to buncher field) to the power fed to the

buncher but improvements in the experimental conditions are

required before a quantitative result can be obtained.
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b) Computer Data Acquisition and Control System

J.S. Fraser and G.E. McMichaei

(i) Accelerator Control

A two-structure temperature control task has been

commissioned. During accelerator start-up, it controls the

temperature of the cooling water to bring the structure to

a preselected frequency. During accelerator operation, it

adjusts the structure temperature to keep the mechanical

tuner within its operating range.

(ii) System Software

Tasks for setting up and maintaining program and

task libraries on disk or magnetic tape have been completed.

Among the many facilities provided is the ability to merge

two library tapes to form a new library, retaining only one

copy of each program.

c) Model 3 Commissioning

J.S. Fraser, J. McKeown and G.E. McMichaei

The beam line has now been completed and vacuum

leak tested. This completes the mechanical phase of the

commissioning.

6.2.3 Fertile-to-Fissile Conversion Experiments at TRIUMF

B.D. Pate, I.M. Thorson and F.M. Kiely (Simcn 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 correlated with calculations being carried out at CRNL.

a) Equipment

(i) Target Storage Facility

The glove-box used for target rod storage and

handling has been installed and will be put to use soon

when changes in target configurations are required.



(ii) Sample Changer

A unit similar in design to the EB-5250 used at

CRNL has been selected. Minor modifications to permit com-

puter control will h«» required. This design, which uses a

single motor, has the advantages of simplicity as well as

proven reliability after many years of use at Chalk River.

b) Experimental

(i) Neutron Leakage Measurements

Despite a scheduled shutdown of the cyclotron

during this period, the neutron leakage measurements have

continued at a satisfactory pace. The results of runs

reported in PR-P-110, section 6.2.3 c) (iii) (AECL-5546)

have been corrected for thermal self-shielding and for

resonance absorption using data from Cd covered foils. The

results are given in Table 6.2.3.1 with some of the

corresponding results from the BNL measurements (1965) and

the recent calculations for Pb targets. The results appear

Table 6.2.3.1 Neutron Multiplicities (n/p)

Energy Target

4 8 0 single

5 0 0 7-cylinder

5 0 0 single

Pb
single

3 5 0 single

3 5 0 7-cylinder

4 8 0 7-cylinder

Run (

1

2

3

4

7

9

10

n / p

8.30

8.29

8.44

9.55

5.50

5.70

14.1

n/p(BNU

8.51

8.51

8.51

4.98

4.98

n/p tG

8 .

8 .

8 .

ar

36

36

36
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to be reproducible within 5% with the exception of run I 4.

The reproducibility of the B-counting equipment is being

studied.

The seven-element uranium target has been

irradiated at 350 and 480 MeV with and without Cd covers over

the Au foils.

(ii) Monitor Foil Recoil Loss
24The loss of Na in the monitor foil hi»s also been

measured experimentally by comparing the results of measure-

ments on individual foils from a stack of three irradiated

in the beam. Previously, a correction factor from data in

literature (R.L. Heath, U.S.A.E.C. Research and Development

Report No. IDO-16880-l (1964)) had been used for this effect.

Preliminary results indicate no significant discrepancy with

the previous data.

(iii) Self-powered Detector

Two of the irradiations were reserved for measure-

ment of the current generated in the self-powered detector.

Previously, the detector wires were combined using a weighted

summing circuit to produce a voltage which reflected the

neutron flux in the water. Because of the long time constant

of this system (i % 8 min) resulting from the capacitance

of the detector and cable leads and the large (10 il)

resistors to give a conveniently measurable voltage range,

prompt y-ray effects could not be observed directly. To

investigate the prompt response of the 0-current detector the

segment nearest the target was connected directly to the

Keithley Model 620 electrometer in the current-measuring mode.

The electrometer response was monitored as a function of

time throughout and following a proton beam irradiation

period.

The current-mode measurements reveal a rather

large prompt effect in opposition to the 6-decay current.
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The effect is large enough to require rather close investi-

gation of its dependence on target type and configuration

and other experimental conditions. Further measurements

will be made using two electrometers so that the current

developed in the other segment of the detector may also be

measured. Such a "two-electrometer" operating mode will

have the additional advantage of directly and continuously

monitoring any changes in the relative prompt and neutron

induced responses of the separate self-powered detector

segments.

6.3 Research Applications

6.3.1 Fast Intense Neutron Source (FINS)

J.D. Hepburn, B.G. Chidley and J. Ungrin

Development of this 4 x 10 14 MeV neutron/s

source for the Biology Division continues.

Components for the Mark II column described in

the previous report (PR-P-110; AECL-5546) we e received. The

column was successfully bonded with polyvinyl acetate and

washed in acetone to remove any glue fillets from electrode-

ceramic joints which could promote voltage breakdown. A

leak that developed when the column was installed was

successfully repaired. High voltage conditioning of the

column electrodes (with no ion source) is complete; with

no beam it holds off 300 kV without difficulty. Experiments

with an electron beam as described in PR-P-109 (AECL-5508)

indicate current-induced breakdowns still occur but a marked

improvement is evident. Modifications are in progress which

should give a further improvement.

Wiring modifications and repairs to the high

voltage power supply are complete; the supply has since been

operated to full voltage.

The rotating target assembly was operated to a

total of 200 hours, when bearing wear was observed. It has
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since been rebuilt with bearings of longer life, and is

again operational.

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. Ormirod

The extension to Bldg. 467 to house the cyclotron

model has been enclosed and the 30 tonne overhead crane has

been installed.

b) Cf.'ie Development

E.A. Heighway

TBIUMF: At radii where v : 1 and the radial
2 2

variation in magnetic field is non-linear i.e. large 3 B/3r ,

TRIUMF has been underestimating the value of v . (The exact

values of v were (and can only be) determined by constructing

a complete phase space diagram at these radii using GOBLIN.)

The code has been modified to get a more accurate approximation

for v for these special circumstances.

GOBLIN: This code has been extended to allow the

calculated rf phase to be replaced by the integral path

length for a given particle. This allowsthe effects of

changes in particle path length with energy to be separated

from the phase effects which represent time differences

caused by variations in particle velocity.

c) Cryogenic Systems

J.A. Hulbert

The liquefier has been operated seven times during

this period. Two runs were for liquid production. Of the
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1220 litres of liquid condensed, over 400 litres were

supplied to Neutron and Solid State Physics and Nuclear

Physics branches, during a breakdown of the NRU

liquefier.

Attempts to measure refric""'ation rates under

varied liquefier operating conditions, to determine operating

optima, have been thwarted by unreliability of the IIP 9830

based data processing system. Preliminary trials suggest

that liquefier performance falls off appreciably when

cooling two loads at once. At present we believe this to

be an optimization problem. As a first step in treating

this problem, electrical pressure and temperature sensors

will be fitted to the liquefier for continuous recording and

a combined flo*; and quality gauge will be developed for the

rear refrigeration outlet.

Continuing studies of the vapour-cooled magnet

leads include computer calculations of lead performance

using the code FORSIM that calculates the heat flow down a

lead by a relaxation technique. The results, for finite heat

exchange and including the full temperature variation of

lead and coolant properties, show minor non-physical heat

flow discontinuities at the low temperature end. The cause

of these discontinuities is being investigated. A single

2500 ampere model lead, scaled from the BEBC 6000 ampere

design, has been fabricated and is being instrumented for

pressure drop and heat transfer tests at room temperature.

An alternative helium vessel for the insulation test

cryostat to permit cold tests of lead pairs is in design.

Tests involving up to 2 tonnes of load have been

carried out on a model magnet coil suspension unit assembly.

The arrangement for transferring the magnet weight from the

cryostat to the yoke during machine assembly works satis-

factorily. The pitch of the differential screw used will be

changed to reduce operating torque under load.
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The magnet cryostat design is under continuous

review and development. Dimensional and layout changes have

been made to the access 'towers' and small shape changes to

the cryopump panels to match the rf liner.

Orbit Dynamics

E.A. Heighway

The geometry of the magnet skirt has now been

optimized; it represents a compromise between large trim

rod amplitudes and distortion caused by extraction.

Optimization of trim rod locations has also been

made; carbon 50 MeV/u remains the problem ion with a low v .

Several low specific energy ions have values of v which

are close to unity. For these ions the stable region in

phase space is reduced locally at the vf low points and

this may be a source of deterioration in beam emittance.

The main magnet coil split was fixed at 1:1. The

fit to the required radial field distribution for a 3:1

split was not significantly different than that for 1:1.

At small radii the r-z hill profile has been

modified to maintain the occurrence of imaginary v at as

small a radius as possible but this results in low v values

at radii just inside that of the first trim rod. Although

the solution to this compromise has been bounded, further

small profile changes will be made.

(ii) First Harmonic Fields from Midplare Holes in Yoke

J.H. Ormrod

The size and position of compensation holes for

the final injection, extraction and probe holes have been

calculated. In principle, compensation is possible with one

additional midplane hole, but this required a hole making an

acute angle with the yoke face; two separated holes were

chosen to simplify the boring operation. The final first
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second harmonic component and gradient are tolerable.

(iii) Yoke

Q.A. Walker (Civil & Mechanical Design Branch)

Magnetization measurements of the steel wall

sections have been completed. The octagonal v*all will be

made up of alternate slabs from the two melts. The machining

of these wall slabs is about 50% complete.

Machining of tn*? joint faces of the end ring halves

and preparation for welding is underway. The dimensions of

the end rings will be accurately measured to determine if

the flame cut bevel faces need to be machined. Apart from

this possible unexpected operation, the fabrication should

be complete by the end of December.

Drilling techniques for the long trim rod holes are

being tested in plain carbon steel. It is evident that a gun

drill (40 mm) will produce a sufficiently accurately aligned

hole but the surface finish is not adequate. A new roll

burnishing tool is on order for an attempt to improve this.

To allow a test of chip clearance during the drilling of

very low carbon steel, a billet of Armco iron has been sent

from CRNL.

The number of upper pole guides has been increased

from three to four to give greater stability and reduce the

chance of jamming.

(iv) Superconducting Coils

H.R. Schneider

1) Superconduc tor

Latest information from the superconductor manufacturer

is that fifteen of the required thirty-four lengths of super-

conductor have been soldered to the grooved copper stabilizing

strip. The first two lengths were shipped at the end of

August and have arrived at CRNL.
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2) Short Sample Tests

Using the short sample test apparatus,critical-

current measurements have been made on a sample of the

superconductor insert supplied by the manufacturer. A plot

of the measured critical current as a function of transverse

magnetic field is shown in Figure 6.3.2.1.

Measurements were made with the field both per-

pendicular and parallel to the broad dimension of the con-

ductor. A current limitation in the test apparatus allowed

only one critical current determination for the parallel

orientation, but drawing a line through this point, parallel

to the 1 , B line obtained for the perpendicular orientation,

shows that at 4 T the critical current should be 3950 A.

This exceeds the specification by about 17%.
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3) Coil Winding

Using the copper dummy superconductor a complete

double pancake coil has been wound. No problems were

encountered during winding and only a few minor improvements

to the clamping methods are indicated.

4) Fiberglass Clamps

The development contract for the fiberglass clamps

described in PR-P-108 (AECL-5315) has been successfully com-

pleted. To achieve the required thermal contraction

properties, the clamps are made with a combination of glass

cloth, unidirectional glass fiber roving and glass bead

loaded epoxy. This composite has a thermal contraction Al/l,

on cooling to 77 K 12% greater than that of copper, so the

clamping force on the coil will increase slightly on cool

down.

e) Accelerating Structure

C.B.Bigham

Detailed drawings of the rf structure are nearing

completion and construction has started. Control circuit

development continues.

The detailed drawings of the dees and inner tuner

conductor are complete; those for the liner, outer tuner

conductor, tuning mechanism ?nd drive capacitor are nearly

complete. The cryopump has been revised to better fit into

the liner. The liner outer edge seal has been changed to

fit the modified pole configuration.

Wooden molds have been made for casting of the

steel forms required for shaping the "dees". Work has

started on the outer conductor of the tuner stems.

Work on the control system includes improvements

in the detector circuit.- and automatic voltage control

circuit.
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A transmission line transformer has been made as a
broad band replacement of the input amplifier tuned grid
circuit of the Collins 2056 20 kW amplifier. This is the
first step in broad banding the input amplifier and driver
stage.

f) Injection

(i) Foil Changer
D.L. Beaulieu (Civil 4 Mechanical Design Branch)

A vacuum lock design which allows removal of the
foil magazine and provides maintenance access (without
breaking machine vacuum) to the foil handling mechanism has
been selected.

The details of several mechanisms to transfer foils
through the vacuum lock to the transport chain are being
studied.

(ii) Injection Orbits
E.A. Heighway

The changes in the magnet skirt, coils and trim rod
configuration required recalculation of the injection
trajectories for 11 ions bordering the cyclotron operating
range. This has allowed the position of the injection
magnet and the injection hole in the yoke wall to be fixed.

Calculations using TRIM have confirmed the

feasibility of operating the inflection magnet in the nearly
saturated yoke.

g) Extraction
C.R.J. Hoffmann

The magnetic channel has been split into two
segments. The upstream section uses saturated iron to
generate a fixed radial focusing gradient and has super-
conducting windings to provide a variable bias field. In
the downstream section superconducting windings generate



both a variable radial focusing gradient and an independently

variable bias field. The intervening space between the

sections allows a diagnostic probe to be inserted into the

neighbouring hill.

Short radial focmsing lenses of saturated iron have

been added near the leading and trailing edges in the hill

immediately following the electrostatic deflector. These

lenses partially compensate the radial dofoeusing of the

hill edge near the magnetic channel entrance and reduce the

required electrostatic deflector field by "v 10%.

h) Internal Beam Probes

P.M. James

Drawings of the beam probe assembly are being

completed. The mechanical drive and vacuum system have been

designed.

An experiment is in progress on the HP tandem to

determine whether or not a fast scintillator can be used as

a beam phase detector. For further details see 2.28 of this report.

6.4 Mechanical Laboratory

J.E. Anderchek

The Mechanical Laboratory operates the machine shop

and furnaces in Bldg. 145 and carries out mechanical

construction, assembly, repairs and vacuum testing for the

Accelerator Physics Branch and the Reactor Physics Branch.

Total laboratory time breakdown in the quarter is

as follows:

Accelerator Physics Branch - 98.7%

Reactor Physics Branch - 1.3%

€.4.1 High Current Test Facility

A support plate was manufactured for a window of

the injector emittance measuring unit and a special copper

weld protector was made for the beam dump manifold.



Several modifications were made to the Alvarez

tank drift tube alignment jib, and two new drift tube

spacing and centering jigs were fabricated.

6.4.2 Electron Test Accelerator

Work for this program consisted of small pieces of

hardware for the beam line (e.g. electrically insulated

vacuum gaskets), components for six grounding sticks and a

special brass tuning slug for a buncher cavity.

6.4.3 Fast Intense Neutron Source

Two large projects were completed. The first con-

sisted of new flanges, some electrodes and corona rings for

the Mark II accelerating column. The second was the new

Mark II ion source consisting of source can, extraction

electrode and plasma aperture plate.

Other work included minor modifications to the

rotating target and gas line fittings.

6.4.4 Heavy-Ion Superconducting Cyclotron

Tooling fabricated for the winding line consisted

of a pneumatic coil tamper and a hydraulicly adjusted mobile

cart for the coil soldering tool.

About twelve sample rods for magnetization measure-

ments were machined from flame cut specimens of the yoke

steel.

A prototype 2r«00 A electrical lead for the super-

conducting magnet coil was manufactured for testing.

Couplings and mounting hardware to test trim rod drive motors

in ambient magnetic field were made.

6.4.5 Reactor Physics

Counting Room

Several thousand aluminum foils for sample canisters

were machined.
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Two shut-off rods were repaired and several Zircaloy

fuel sheaths for "Hot Loop' experiments were trimmed to size.

6.5 Publications, Reports, Papers, Lectures and Patents

Publications

CHOOSING A THERAPY ELECTRON ACCELERATOR TARGET
S.O. Schriber, L.W. Funk, R.M. Hutcheon and U.K. Sherman
Digest of the IV Int. Conf. on Medical Physics, Special
Issue of Physics in Canada 32;, 28.2 (July 1976).

A MONTE-CARLO CALCULATION OF ELECTRON DEPTH-DOSE DISTRIBUTIONS
L.W. Funk, J.T. Mowchenko and S.O. Schriber
Digest of the IV Int. Conf. on Medical Physics, Special
Issue of Physics in Canada 3£, 23.2 (July 1976).

CYCLOTRON
J.S. Fraser
McGraw-Hill Yearbook of Science and Technology, 1976, p.155.

Reports

COMPENDIUM OF LINEAR ACCELERATORS - 1976
J.S. Fraser and S.O. Schriber
AECL-5615 (September 1976).

The following were presented at the Fourth International
Conference on Medical Physics, Ottawa, Ontario, July 25-30,
1976.

CHOOSING A THERAPY ELECTRON ACCELERATOR TARGET
S.O. Schriber, L.W. Funk, R.M. Hutcheon and N.K. Sherman.

A MONTE-CARLO CALCULATION OF ELECTRON DEPTH-DOSE DISTRIBUTIONS
L.W. Funk, J.T. Mowchenko and S.O. Schriber.

THICK TARGET NEUTRON YIELDS FROM THE 7Li(d,n) AND Be(d,n)
REACTIONS P P

M.A. Lone, C.B. Bigham, J.S. Fraser, H.R. Schneider,
T.K. Alexander, A.J. Ferguson and A.B. McDonald
Paper presented at the 1976 Int. Conf. on the Interactions
of Neutrons with Nuclei, Lowell, Mass., 6-9 July, 1976.

SUPERCONDUCTING CYCLOTRON NEUTRON SOURCE FOR THERAPY
J.D. Hepburn, C.B. Bigham and H.R. Schneider
Paper presented at the Int. Conf. on Particles and Radiation
Therapy (Part II Conference), Lawrence Berkeley Laboratory,
Univ. of California, Berkeley, September 15-17, 1976.



122

The following were presented at the 1976 Proton Linear
Accelerator Conference, Chalk River, Ontario, September 14-17,
1976.

HIGH-CURREUT PROTON LINACS AND NUCLEAR POWER
P.R. Tunnicliffe, J.S. Fraser and B.G. Chidley.

OPERATION OF THE GRADED-8 ELECTRON TEST ACCELERATOR
J.S. Fraser, J. McKeown, G.E. McMichael and W.T. Diamond.

FIELD CONTROL IN A STANDING WAVE STRUCTURE AT HIGH AVERAGE
BEAM POWER
J. McKeown, J.S. Fraser and G.E. McMichael.

CHALK RIVER EXPERIENCE IN THE OPERATION OF HIGH CURRENT 100%
DUTY FACTOR ACCELERATING COLUMNS
J. Ungrin, J.D. Hepburn, M.R. Shubaly, B.G. Chidley and
J.H. Ormrod.

AN EMITTANCE MEASURING UNIT FOR 100% DUTY FACTOR LINAC
INJECTOR BEAMS
M.R. Shubaly, J. Pachner, Jr., J.H. Ormrod and J. Ungrin.

A HIGH POWER RF SOURCE FOR THE CHALK RIVER 100% DUTY FACTOR
ALVAREZ LINAC
J.C. Brown and B.G. Chidley.

Combined papers, MECHANICAL DESIGN CONSIDERATIONS OF A
STANDING WAVE S-BAND ACCELERATOR WITH ON-AXIS COUPLERS
S.B. Hodge, L.W. Funk and S.O. Schriber

and EFFECTIVE ZT2 COMPARISON BETWEEN S-BAND
STANDING WAVE ACCELERATOR WITH ON-AXIS AND OFF-AXIS COUPLERS
S.O. Schriber and L.W. Funk.

Lectures

THERAPEUTIC APPLICATIONS OF ACCELERATORS
S.O. Schriber and W.J. Cooke
Talks to Summer Students, July 9, 1976.

Patents

CANADIAN PATENT NO. 991,774
INTERCOUPLED LINEAR ACCELERATOR SECTIONS OPERATING IN THE
2n/3 MODE
S.O. Schriber
Issued June 22, 1976.
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