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SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

The MP Tandem continued to operate with exception-
al reliability during the quarter as indicated by the
unusually low unscheduled shutdown time.

Accelerator availability was as follows:

Experiments running 1403 hours 65.0%
Scheduled shutdowns 614 hours 28.4%
Unscheduled shutdowns 143 hours 6.6%

2160 hours 100.0%

The on-line isotope separator (ISOL) operated
reliably througho^- the quarter and was used in a variety of
experiments. It was used for the first time to make direct I
mass doublet measurements.

Fifteen experiments were performed during the
quarter. Nineteen visiting scientists used the accelerator;
they were involved in experiments occupying 76% of the beam
time and in these experiments their participation averaged
56%.

Research Activities

A new a-emitter, 16ZHf, has been identified using I
ISOL. By completing the link to known masses this measure-
ment ties the masses of four other a-emitters in W, Os, Pt
and Hg into the mass table.

A new large specially designed Nal(Tl) detector '
has been used in conjunction with other detectors to obtain
greatly improved data on the multiplicities and intensities
of continuum y-rays in llt7Gd.

A production facility for 1<(c dating using the MP
tandem is now established but work remains to determine the
origin of a carbon background limiting dating to less than
40,000 years.
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An electron beam of 0.2 mA, 20% polarized has been
accelerated to 3.5 MeV in the Electron Test Accelerator and
the circular polarization of the bremsstrahlung produced has
been found to agree with predictions. The beam will be used
in deuterium photodisintegration parity violation experi-
ments.

Measurements of inelastic scattering in the 12C+16O
system have shown a pronounced gross structure at 12.9 MeV
centeir-of-mass energy. The structure appears to fit predic-
tions of an alpha cluster resonance near this energy.

The external clean-beam thermal neutron capture
facility has been shown to be useful for determining the
concentration,by prompt gamma-ray analysis, of elements with
capture cross sections >1 b in quantities as low as 30 ug in
mixed samples.

1.2 Accelerator and Applied Physics

Research Applications

a) Fast Intense Neutron Source

Initial beam profile measurements have shown that target
heating is uniform as expected and therefore that excessive
loss of tritium from targets under bombardment is not due
to extraordinary beam hot-spot effects.

- A high-voltage power supply instability problem is under
investigation.

b) Heavy-Ion Superconducting Cyclotron

- Cooldown with new penetrations and windows in the cryostat
proceeded smoothly with minimal additional boil-off rate.

All 104 trim rods with their thrust bearings have been
installed. Fitting of the drive assembly for one of the
eight trim-rod clusters has begun.

The superconducting coil and upper pole have been approx-
imately centered (within 0.2 inn) and the coil excited to
maximum current.

- The hi^h voltage cable for the electrostatic deflector has
been tested to 10% above the design voltage of 100 kV.

- Work, on modeling of the superconducting coils for the
extraction channel has begun.
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- A trouble-free design of sliding-finger contact for the
tuner has not been found. Alternative solutions are being
considered and testing of one is in progress.

- Detailed design of the injection beam transport vacuum and
mechanical support systems Is essentially complete.

- A complete inventory of CAMAC modules and associated
control equipment required for Phase I has been prepared.

Nuclear Power Applications

a) High Current Proton Accelerates

- Development of high-current reflex-arc ion sources
continues. Geometry studies have shown that proton i
fraction decreases as arc and gas efficiencies improve.

- Improvements and additions were made to team dynamics
codes.

- The repaired triode amplifier worked satisfactorily.

- The buncher cavity worked as expected permitting higher
proton beam current acceleration in the Alvarez tank.

- The last drift tube stem of the Alvarez tank was modified
to investigate problems with bellows mounting and
overheating.

- A 270 MHz resonant load tank is being fabricated and will
be used as a test bed for components of Alvarez tanks.

- Design of a 270 MHz four-vane RFQ cavity was initiated.
This cavity will be used to determine breakdown levels in a
cw RFQ accelerator.

b) Electron Test Accelerator

Accelerator operation during the period provided polarized
and unpolarized electron beams for nuclear physics applica-
tions.

- Theoretical studies of beam cavity interaction have begun. I

- Conversion of well-developed computer codes used in storage
rings to model the behaviour of a cavity in a linear
accelerator under heavy beam loading is in progress.

The Model 5 structure has been successfully brazed and low
power rf tuning is complete.
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- High power testing will be done in an extension of the
present tunnel. It is planned that the extension will be
wide enough to permit beam recirculation to investigate
beam blow-up modes.

Recirculation of electron beams has been studied as part of
a collaboration with the University of Montreal,and a new
structure which may be more resistant to beam breakup is
under study.

c) Fertile-to-Fissile Conversion Experiments at TRIUMF

- | An intercalibration of two types of monitoring foils at
CRNL, Simon Fraser University and Los Alamos National
Laboratory has achieved an overall agreement within 2-1/2%
in absolute counting efficiency.

1.3 Solid State Physics

I Analysis of extensive neutron diffraction data for a
: single crystal of g-Ng at 0.4 MPa pressure shows that, despite
the linear configuration and hexagonal site symmetry of the
molecule, its scattering density distribution and mean trans-
lation displacements have almost perfect spherical symmetry.

High precision measurements of the temperature
. dependence of the principal peak in the structure factor of
I superfluid ''He support a recent theory attributing this
dependence to the changing thermal population of rotons.

An empirical relationship between vacancy formation
ienergies in alloys and in the pure constituent metals has been
discovered, which allows accurate predictions of formation
energies in other alloys and in metals having various possible
structures. A theory underlying the vacancy formation data is
being developed.

High resolution neutron diffraction measurements
/ have been made to establish the crystal structure of sulphur
hexafluoride below 96 K.
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1.4 Applied Mathematics and Computation

Assessment of the potential radiological hazard
posed by combustion of the total hydrogen inventory of a
proposed tritium recovery plant continued.

A calculation of the depth of penetration of a
pointed object into a plate of the same material was carried
out in connection with a problem that occurred during the
shipping of a damaged reactor component.

A program to produce dependable, probable and
optimistic forecasts of heavy water sales Has bean
completed and tested for the Chemical Company.

Developments in the area of stress analysis codes
during the quarter.included the testing and installation of a
new version of MARC, the preparation of a new, more flexible,
procedure for using TPIPE, and tests of a preliminary version
of STARDYNE. A new non-linear program called ABAQUS is now on
the market; a three-day course on this program was attended in
order to assess the capabilities of ABAQUS in relation to
MARC.

Developments in heat transfer and thermal hydraulics
programs included the implementation and testing of an updated
version of COBRA-IV; revisions to TRUMP, and modifications to
RELAP4.

Miscellaneous programs and subroutines developed or
modified during the quarter include:

a program to calculate the values of a number of powder
flow properties

programs for updating the hybrid heating experiment data
files and generating various reports

improvements to the programs SUMRT and GRAAS used for
processing fuel defect experimental data

conversion of the program TIRI0N4, which calculates
distributions of dose rates from the airborne radioactive
materials, to run with CDC FORTRAN

- revision of the program LIRA, a multi-precision integer and
rational fraction package, to use the STITBOL compiler.



- 6 -

Expansion of the disc system for the 6600 and CYBER
170 computers continued, and preparations for more efficient
distribution of files and file directories on the new
configuration were initiated. Orders were placed for a CDC
CYBER 170/720 computer, which will eventually replace the 3300
for communication support and interactive computing. Power
distribution and chilled water piping changes have been
completed in preparation for the installation of the 720 in
April.

Revisions to existing FORTRAN compiler and
subroutine libraries to ensure compatibility with the new
FORTRAN 5 were completed. COBOL 5 was installed and released
for use, and testing of FORTRAN 5 begun. An emulator for IPL,
the interactive procedure language used on the 3300, was
written for use on the 720, and preliminary testing has been
done on the 720 recently installed by the Engineering Company
at Sheridan Park.

The following table is an analysis of- the computer
use during the quarter:

Percentage of Percentage of
Number of Jobs Total Utilization

Radiochemical Company
Chemical Company
Engineering Company
WNRE

CRNL:
Computing Centre
Contracts
Technical Information
& University Relations

Health Sciences
Chemistry & Materials
Physics
Electronics, Instrumentation
& Control

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

0.17
0.20

19.34
2.56

24.46
2.75

3.12
3.99
1.84
6.76

0.44

12.34
11.18
0.77
2.42
3.44
0.41
0.03
1.05
2.47
0.00
0.26
0.01

0.02
0.05

40.67
6.98

6.61
2.91

1.60
5.39
3.00
5.03

1.89

9.84
5.91
0.13
2.51
4.18
0.00
0.07
0.25
2.94
0.00
0.03
0.00
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2.2 The Lifetime of the 3.95 MeV Level of 1 4N

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

The mean lifetime of the 3.95 MeV level of 14N
deduceJ mainly from electron scattering is 4.5 ± 0.4 fs (see
P. Ajzenberg-Selove, Nucl. Phys. A268 (1976) 1), whereas
recent (p,y) reaction DSAM measurements give T « 8.4 ± 0.4 fs
(Bister, Anttila and Keinonen, Phys. Rev. C16 (1977) 1303).
To investigate this serious discrepancy we have applied
the high velocity Doppler-shift method using stopping
materials of widely differing densities (Alexander et al.,
J. Nucl. Mat. 9£ (1981) 51). The inverse reaction
3He(12C,p)14N was used and p-Y coincidences between a AE-E
telescope and a Ge(Li) detector at 0° were recorded. The
targets were thin metal foils of Mg, Al, Zr, Nb, Ta and Au
implanted with 4 to 7 x 10 1 7 *toms/cm2 of 3He at an implant
energy of 35 keV. These targets give a wide range of
characteristic slowing down time. Analysis of the data is
in progress.

2.3 Measurement of the Lifetimes of Levels of Si

T.K. Alexander, G.C. Ball, J.S. Porster, W.G. Davies with
I.V. Mitchell (Solid State Science Branch) and H.-B. Mak
(Queen's University)

Recently, neutron and proton nuclear transition
matrix elements have been deduced from inelastic scattering
of 180 MeV positive and negative pions from 26jig(c.A. wiedner
et al., Phys. Lett. 97B (1980) 37). These matrix elements
have also been calculated theoretically (Brown and Wildenthal,
Phys. Rev. C21 (1980) 2107) and compared with the results
of experiments using different probes. The experimental
values deduced from lifetime measurements of analogue levels
of 26ng and 26si had large uncertainties (mainly from 26gi),
and until now, have not provided a very stringent test of
the theory or the interpretation of pion inelastic scattering.

26

lated in the 3He(^Mg,n)2^Si reaction by bombarding 3He
In the present work, the levels of Si- were popu-

6c-i

implanted Au targets with 50 MeV 2 4Mg 6 + ions. The experi-
mental arrangement was similar to that used to measure
lifetimes in 3 0S (see PR-P-128: 2.4; AECL-7234) except that
two NE213 neutron detectors at 0° and three Ge(Li) detectors
at 0°, 135° and 60 were used. Coincidences between each
scintillator-Ge(Li) pair were recorded event by event on
magnetic tape. A 60Co source was also placed near the
counters for gain stabilization of the Ge(Li) detectors from
recorded NE213-Ge(Li) events.
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Playback of the data showed that the 2i level
was populated directly for only 14% of the events. The
strongest directly fed level was the level at 4.14 MeV
(38%) while the 23+ and i)2+ levels were fed 19% and 29% ,
respectively. Lifetimes of all these levels were deduced
from the directly fed intensities by suitable energy
selection on the neutron pulses. In addition, the line-
shape analysis computer program was enlarged to take into
account feeding from higher levels as well as direct feeding.
In this way, the accuracy of the 2^+ level lifetime could
be substantially improved since the strongly fed 4.14 MeV
level has a much shorter mean lifetime. Table 2.3.1
summarizes preliminary results of a first analysis of the
data. Further analysis should reduce the uncertainties
which are, even now, substantially better than in previous
experiments-

Level<»
(MeV)

1.796

2.784

3.333

4.138

Mean

"2*

(2)

Table 2.3.1

Lifetimes of Levels of Si

Transition (present)
(Ei •+ E f MeV) (fs)

1.796 * 0 620 ± 100

2.784 + 1.796 230 ± 50

3.333 * 1.796 2100 4 500

4.138 •+ 1.796 51 + 6

T (previous)

1400 t 600

200 + 160

2 7 0 0 ± 1000

< 200

(1)P.M. Endt and C. Van der Leun, Nucl. Phys. A310 (1978) 1.

Table 2.3.2 summarizes the reduced matrix elements for
analogue transitions in 26jjg an(j 26gi. Th.e square of the
ratios of neutron to proton matrix elements deduced from
the present work are shown in column 6 of the table and
differ substantially from previous values. The values
deduced from positive and negative pion inelastic scattering
are shown in column 7 and theoretical estimates in column 8.

For the 2^+ •*• 0i+ transition, comparison of the
EM and •ni results indicates the relative phase of the iso-
vector and isoscalar amplitudes is possibly not the same for
the two interactions. However, the present results indicate
a small isov.ector component. The theory predicts a larger
component with the opposite phase,i.e. (Mn/Mp)2 = 0.64,
whereas experiment gives (M n/M p)

2 = 1.1 ± 0.2. The increase
in (Mn/Mp)2 for the 2 2

+ •* 0^+ transition is seen in the
experiment as predicted by theory.



Table 2.3.2

Matrix Elements for A = 26

Nucleus

26Mg

2 6 S i

26Mg

2 6 S i

(l>p j | >

Transition

(Ji^-Jf17)

2 l + + 0 l +

22+-°l+

Endt and C.

653

620

204

230

Van

T

(fs)

±39<5>

± 1 0 0 ( 6 )

±12 ( 5>

±50<6>

der Leun,

Branch:
Ratio <

(%)

100

100

10 +

31 ±

Nucl.

i-ng

1

3

Phys

lM(E2)
(Wu)

1 4 . 1 ± 0

15..4 + 2

0.40 ± 0

1.44 ±0

1

.8
1

.5

.05

3

. 34

. A310 (1978)

EM

. 1

. 6

1.

( 2 )

± 0.

± 1.

2

0

(Mn/Mp)

IT*

0.39 ± 0

1.51 ± 1

2

.09

. 1

Theory 1 4 '

0.64

6.02

(2)Electromagnetic (Mn/Mp)
2

(3)C.-A. Wiedner et al., Phys. Lett. 97B (1980) 37.

I A)

K 'B.A. Brown and B.H. Wildenthal, Phys. Rev. C21 (1980) 2107.

'K. Dybdal et al., to be published in Nuclear Physics.

Present work



- 14 -

2.4 Investigation of 30P with the 29Si(p,Y)3°P Reaction

T.K. Alexander with H.-B. Mak, G.T. Ewan and H.C. Evans
(Queen's University)

In the course of investigating the isoscalar and
isovector E2 transition strengths in the A = 30 nuclei
(PR-P-128: 2.5; AECL-7234), it was noted that a AT = 1, E2
transition from the 2 +, T = 0, 3834 keV level to the 0+, T = 1,
677 keV level was believed to have |M| 2 = 1.5 ± 0.8 W.u.
(P.M. Endt, Atomic Data and Nuclear Data Tables 23 (1979) 3)/
a strength more than ten times stronger than theTsovector
components which we hsve deduced from 30Si and 3 0S analogue
transitions. The branching ratio for the 3834 •*• 677 keV
transition was believed to be (18 ±6)8 from measurements of
Vermette et al. (Nucl. Phys. Alll (1968) 39); however,
measurements by Din and Davis (Austr. J. Phys. ^4_ (1971) 497)
indicated a 27% branch to the 709 keV level, not to the 677
keV level.

We have studied the decay scheme of P at the
Ep = 2115 keV resonance in 29gi(pfy)30p using the Queen's
University Van de Graaff accelerator and Ge(Li) spectrometers.
This resonance has a 12% branch to the 3834 keV level and we
have been able to measure the Y-decay branching ratios of
the 3834 keV level. Our data confirm a branch to the 709
keV level, but not the AT - 1 branch to the 677 keV level.
Analysis of the data is in progress to extract additional
branching ratio data for the 2+, T = 1 levels at 2938 and
4183 keV levels,i.e. the analogues of the first two 2 + levels
in 30Si and 3 0 S .

2.5 Alpha-Cluster Structure at 12.9 MeV c m . in the 1 2C + 1 6O
System

P. Taras (Universite de Montreal), G.C. Ball, W.G. Davies and
H.R. Andrews

With the Q3D spectrometer, the excitation functions
for inelastic scattering to the 0+, 6.05 MeV and 3", 6.13 MeV
levels in 1^0 have been measured from 12.2 to 13.5 MeV c m .
in the ^2C + ^ 0 system at Qiab = 30°. Excitation functions
had previously been measured at 9iab

 = 14.5° (PR-P-123: 2.4;
AECL-6680).

The yield to the 6.05 MeV state exhibits, at both
angles (6c.m. ^ 35° and 73°), a pronounced, smooth gross
structure " 700 keV wide and centered at <\> 12.9 MeV. This
structure cannot possibly result from an Ericson-type statis-
tical fluctuation since it has the same shape at both angles
of observation which differ in the centre of mass system by
more than the coherence angle of ^ 30°.
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Spin and parity values of 6 can be deduced for the
resonance since the ratio of experimental yields at 14.5° to
that at 30° was found to be 18.0 i 3.5 while this ratio is
predicted to be 0.34, 0.47, 1.50, 17.36, 2.32, 0.98 and 2.14
for partial waves with L = 3, 4, 5, 6, 7, 8 and 9 respectively.

It is highly significant that in the 3~, lp-lh exit
channel no enhancement was found correlated with the resonance
in the 0+, 4p-4h channel. In addition, optical model
calculations with five different sets of parameters predict,
for each set near 12.9 MeV, o(3~)/a(0+) > 16.4 while the
experimental ratio is 1.7 + 0.2. These results then indicate
that there is a very large overlap between the 0+, 4p-4h
state in 1 6O and the entrance channel resonance whose structure
is therefore suggested to be that of an a-cluster.

It does not appear that this resonance can be
accounted for in the context of the band crossing model (H.J.
Fink et al., Nucl. Phys. A188 (1972) 259; T. Matsuse et al..
Prog. Theor. Phys. .59_ (1978) 1009) since the 0 + inelastic and
elastic bands are far apart at 12.9 MeV. In addition, because
of the large angular momentum mismatch between these two exit
channels, the non-resonant diffraction model (R.L. Phillips
et al., Phys. Rev. Lett. 42_ (1979) 566) does not seem to be
capable of reproducing the observed structure. On the other
hand, recent three-body nuclear molecular calculations by
Wiebicke and Zhukov (H.J. Wiebicke and M.V. Zhukov, Nucl. Phys.
A351 (1981) 321) predict a J^ « 6+ a-cluster resonance at 13.1
MeV in excellent agreement with our work. In the context of
this model, our resonance would consist of a mixture of
triangular and stretched ^2C - a-12C configurations.

2.6 The 144Srn(3He,p)146Eu Reaction

A. Islam, A.G. Lee and R.G. Summers-Gill (McMaster University)
and G.C. Ball, W.G. Davies and V.T. Koslowsky

The particle-hole nucleus Eu has been studied
with the 144Sm(^He,p)146Eu reaction. A 36 MeV 3He++ beam
was used to bombard isotopically enriched self-supporting
Cvioo pg/cm2 thick) targets of H^Sm. Reaction protons were
analyzed with the Q3D spectrometer and detected in photo-
graphic emulsions. Spectra obtained at five angles between
9LAB = 7* 5 a n d 4 5 d e ? r e e s a r e under analysis.
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2.7 Angular Distribution of y Rays Below the 760 ns (49/2 )
1 47

ISOMER IN Gd

D. Ward, H-R. Andrews, P. Skensved (Queen's University) and
P. Taras (Universite de Montreal) in collaboration with
J. Peterssen, NBI, Copenhagen

We have repeated the experiment described in
PR-P-128: 2.8; AECL-7234 to measure 7-ray angular distributions
below the 760 ns isomer (49/2~) in 147Gd. Preliminary tests
were made on the anisotropy of the scrong y rays at 254 and
339 keV, to establish an effective time constant for radia-
tion damage processes, under our conditions. We concluded
that the mean time characterizing the damage build-up was
about 20 hours. To reduce the systematic effect of this,
it was decided to cycle through the angle sequence in about
5 hours, moving the target to an undamaged location between
each cycle. Furthermore, the order of moving through the
angles was changed for each cycle. A summary of the results
is given in table 2.7.1.

To define the effective alignment in the active
period 50 < T < 200 ns after the beam burst we have assumed,
for the reasons given below, that the transition y254 keV has
A = 2, Ai = 2 character. The angular distribution for this
transition populated in the (28si,5n) reaction has been
measured previously (0. Hausser et al., AECL-7055 (1980) 25)
to be a2 = 0.37 ± .07 at time t = 0. A further indication
was provided by an earlier g-factor measurement (O. Hausser
et al., Phys. Rev. Lett. 4_2 (1979) 1451), in which the value
a2(t=0) = 0.30 was quoted. This value was derived from the
amplitude of the spin rotation pattern, and for the data
presented should be accurate to about 15%. These unperturbed
values are close to those expected for A = 2, &1 = 2 transitions
from states aligned in (fusion, evaporation) reactions.

The results for the angular distribution coefficients
of the 254 keV transition uncorrected for detector attenuation
were a2 = 0.165 + 0.012, a4 = 0.030 + 0.012. With full
alignment, a transition depopulating a state of spin 49/2
would have a2 = 0.379, a$ = 0.131 for A = 2, £1 = 2, whence
the attenuation parameters as defined by Yamazaki (Nuclear
Data A3_ (1967) 1) were Q2 = 0.435 ± 0.32, Q4 = 0.23 + 0.09.

Assuming that as a y cascade propagates to lower
spins the misalignment caused by the transitions (the U-term
in T. Yamazaki, Nuclear Data A3_ (1967) 1) operates so as to
cancel the increasing angular distribution factors (F-terms
loc. cit.), then the angular distribution coefficients for a
transition of a given character will remain constant. These
coefficients can be derived from the tables of Yamazaki, and
der Mateosian et al. (Atomic and Nuclear Data Tables 13̂
(1974) 407) - with the results quoted in table 2.7.2. Since
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the a,j-coefficients were very small they contained no useful
information and are not discussed further, but it should be
noted that the experimental data were fitted including an
a$ term.

In conjunction with the conversion coefficients
currently being measured at the NBI Copenhagen by J. Peterssen
et al., these data should provide relatively firm spin and
parity assignments for several levels lying between the
(49/2) and 27/2 isomers.

Table 2.7.1

Relative Y~ray Intensities and Angular Distribution
Coefficients Measured in this Work

(keV)

Relative Y-ray
Intensity3'

Mean Life
Adopted (ps) (Haas et al.

a2~coefficient Nucl.Phys.in press
1981)

.1

.5

.0

80.7
117.2
120.4
200.8
254.4
285.5
330.8
339.1
340.
378.
414.
421.0
425.2
435.2
444.0
482.2
548.2
608.4
611.3
613.4
698.1
814.2
869.0
984.1
1036.0
1057.1
1064.o
1152.2
1389.8
1683.2
1950.7

5.3
20
26
62-
100
14.5
27
95
62
13
17
8
14
26
7

15.5
19
16
12
7.3
19
9
7
6
26
8
5
11

11.5
26
7.5

-0.19
-0.10
-0.18
-0.050
+0.165
-0.20
-0.19
-0.150
-0.055
-0.15
-0.04
+0.15
+0.23
-0.05
+0.11
+0.12
+0.01
+0.11
+0.06
+0.16
-0.16
-0.23
+0.28
+0.15
-0.16
-0.20
+0.17
+0.19
+0.15
+0.20
+0.23

+

+

±
+
±
±
+
+
±
±
±
+

±
±
+
+
+
+
+

±
+
+
+

±
+

±
+

±
+
+

. 1 0 "

. 0 3

. 03

.015

.012

. 0 3

. 0 4

.025

.030

. 04

. 0 4

. 0 7

. 0 4

. 0 5

.08

. 0 4

. 0 3

. 0 5

. 07

.10

. 0 4

. 0 8

. 0 8

.08

. 0 3

. 0 9

. 1 0

. 0 6

. 0 6

. 04

.06

b)

-v 20 '

< 36

< 15

< 19
< 40
< 15

< 50

< 15
< 11

< 47

< 36

< 19
-v 20C)

a)Uncertainties ^ 10% b)fitted without a4-coefficient
c)value is uncertain
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Multipolarity

A =

A =

A =

A =

= 1

= 1

= 2

-- 3

A = mixed and h

Table 2.7

Nuclear Spin
Change

AI =

AI =

AI =

« 0

- 1

= 2

AI = 3

AI == 1

.2

Expected
a2~coefficient

+0.217 + .016

-0.1?5 + .008

E +0.165 ± .012

+0.289 + .021

-0.520 < a 2 < 0.340

Expected angular distribution coefficients for high
spin states lying between the 760 ns and 39 ns isomer
observed in this experiment. The attenuation parameters
were normalized to the A = 2,AI = 2 tranaition at 254 keV.

147
2.8 Continuum y Rays Feeding the 760 ns (49/2) Isomer in Gd

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

The recently acquired 25.4 cm long by 25.4 cm dia-
meter off-axis NaI(T£) crystal shield in conjunction with a
very good resolution 7.6 cm long by 7.6 cm diameter Na(TJl)
crystal formed a novel Y-ray detector system for this
detailed study of continuum y rays. Operated in the rejection
mode, the small Nal (TJl) crystal was observed to have a photo-
peak to total detection ratio of 82% for 1 3 7Cs y rays falling
to 58% for the 2.754 MeV y radiation from 2 4Na.

28
A pulsed Si beam was bunched to ^ 3 ns at a

i l ^ d l i

p
separation period of 800 ns, and excited l^Gd nuclei were
produced in the (28gif5n) reaction on a lead backed 124gn
target. Runs were made at 130, 140, 150 and 156 MeV. A
second 7.6 x 7.6 cm Nal (TJl) crystal was positioned at -126°
(hereafter called a "multiplicity" detector), and a Ge(Li)
detector was positioned at +126°. An array of four Nal(T£)
detectors (each 7.6 x 7.6 cm) was positioned around the
target at a distance of M.2 cm. The Nal (TJl) array selected
Y-rays depopulating the 760 ns isomer by electronically
gating on the time period 100 <_ T <_ 600 ns after the beam
burst. Pulse height, and timing information from the
shielded Nal (TJl) crystal (hereafter referred to as the
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"continuum" spectrometer), the multiplicity spectrometer, and
the Ge(Li) detector were written on magnetic tape only if the
event were accompanied by a pulse from the array.

On playback, time windows that selected radiation
prompt with the beam burst were imposed. This allowed
reasonable discrimination between neutron and y-ray events
in both the multiplicity and continuum spectrometers. The
spectra of interest were the "quasi" singles y spectrum,
i.e. the intensity feeding to the isoreer, recorded in the
continuum and Ge(Li) spectrometers, and the corresponding
spectra in prompt coincidence with any event in the multi-
plicity spectrometer. From the measured efficiency of the
multiplicity detector, eft = 0.00875, the multiplicity <M>,
of r radiation above the 760 ns isoroer could be obtained
from the ratio of corresponding areas in the coincident and
quasi singles spectra of the continuum detector P or Ge(Li)
detector:-

T
where A is a correction for higher order coincidence effects.
For example, for an apparent multiplicity Nc/Ns(efi) = 20 the
correction A was 1.9. These relationships may be applied to
the discrete lines observed in the Ge(Li) detector, but equally
well, can be applied to energy bins in the unresolved spectrum,
thus generating spectra of multiplicity.

High quality data were obtained and considerable
analysis will be required to extract all the information.
Preliminary results are given in table 2.8.1.

Multiplicities
Feeding

Bombarding
Energy MeV

130

140

150

156

Table 2.8.1

of Discrete Lines
the 760 ns (49/2")

Average Discrete
Line <My>
Corrected

13.0 ± 0.5

16.4 + 0.3

21.0 + 0.3

24.5 + 0.5

and the Total Spectrum
Isomer in H^Gd

Total Continuum
Spectrum <My>
Corrected

13.9

17.5

21.5

23.4

At each bombarding energy the ^ 18 discrete transitions known
above the (49/2") level were observed to have a common
multiplicity within the uncertainties. For example, on
average, at 150 MeV bombarding energy, a cascade of about 21
Y rays preceded the (49/2~) level. The decay of the (49/2")
level is known to have a multiplicity of about 14.
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2.9 Observation of Compound Nucleus K x-rays in Coincidence with
Fission Fragment Following Heavy-Ion-Induced Fission

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

We have continued our study of K x-rays from long-
lived compound nuclei preceding fission produced by 1 60 and
19F bombardment of tungsten (PR-P-128: 2.9; AECL-6452). The
new experimental setup was improved by 1) recessing the
window in the scattering chamber to gain a factor of three
in the x-ray detector solid angle from the target (a factor
of two closer), 2) increasing the flow of isobutane
in the parallel plate avalanche detector, used to detect
fission fragments, 3) adopting a preamplifier giving an
E-signal from the avalanche detector. (In the previous
experiment, only a fast timing pulse was generated by the
avalanche detector electronics).

Measurements were made for 97 and 108 MeV 0 and
108 MeV *9F bombardment of a 400 pg/cm2 thick foil of natural
tungsten metal.

A preliminary analysis of the 0 induced fission
shows that between 97 and 108 MeV bombarding energy the
intensity of (compound nucleus) Pb K x-rays, coincident with
fission fragments and corrected for the random coincident
rate, decreases by a factor of two, in excellent agreement
with the magnitude and variation of the long-lived component
derived from our crystal blocking data (J.U. Andersen et al.,
K. Dan. Vidensk. Selsk.Mat.-Fys. Medd. 4_0 (1980) 7).

19
The data for F bombardment of tungsten is com-

plicated because the Kaj line from the compound nuclear
system Bi is contaminated by a close-lying y-xay (presumably
from the fission fragments). Full data analysis is in
progress.

2.10 Crystal Blocking Lifetime Measurements for Fission Fragments

from F Bombardment of Ta

J.S. Forster, W.M. Gibson (SUNY, Albany), I.V. Mitchell
(Solid State Science Branch) and K. Reichelt (IFF, KFA
Julich)

The work reported earlier (PR-P-127: 2.12; AECL-7102)
has been continued with blocking dip measurements at bombarding
energies between 90 and 120 MeV 19F, the two sets of measure-
ments giving us lifetime data at 2.5 MeV intervals. In the
usual data analysis (described in retail by J.U. Andersen et al.,
K. Dan. Vidensk. Selsk.Mat.-Fys. Medd. 4£ (1980) 7) we
determined a mean recoil distance, and hence a mean lifetime,
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of the compound nuclei before fission as well as XL»
(delayed) fraction of these long-live:* components.

The XL values can be obscured by point-to-point
variation of the crystal perfection. The useful area of
the crystal (approx. a 4 mm diameter disc) was mapped by
measuring the backscattering yield minima for channeled 1 MeV
He ions, provided by the 2.5 MV Van de Graaff accelerator
(Chemistry and Materials Division). The map was constructed
from measurements on a square grid of 0.5 mm spacing,
reproducing the map of exposures used for the fission measure-
ments. Where local damage was observed, a correlation could
be seen clearly as an anomalously high XL value in the
associated fission blocking pattern. This is a problem that
had not been encountered in Au and W crystals used for our
previous heavy-ion—induced fission studies.

Fission blocking data, corrected for crystal ,_
quality, showed that XL changes smoothly with increasing F
bombarding energy over the range surveyed, in accordance with
expectation (see J.D. Andersen et al., work cited). A
complete analysis of the data is in progress.

2.11 The Decay of 71Br

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

The absolute intensities of the y rays from Se,
the daughter of '*Br, have been deduced from an experiment
where the mass-71 beam from the on-line isotope separator
was collected on a tape and the collected sample subsequently
moved into an aluminum block thick enough to annihilate all
positrons. The main beta branch from 7*Br, (71 ± 22)%, was
found to populate the 5/2~ (presumably fs/2) ground state of
7^Se and the log ft value of this transition was deduced to
be 5.10 ± 0.14.

The K-conversion coefficient for the 48.8 keV
transition from the first excited state in 71Se (PR-P-128:
2.10; AECL-7234) has been measured. The result a^ = 9.6 ± 2.1
is only consistent with an E2 assignment. The spin and parity
of the first excited state in 71Se is then most likely l/2~
(Pl/2>« The reduced transition rate for the 48.8 keV transi-
tion has been deduced to be 1.7 ± .5 W.u., indicating the
single-particle character of this transition.
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71 eo
6_ The level scheme of Se is similar to that of Ge

and Zn, other N = 37 isotones. However, the excited states
in ?lse generally appear at lower energies than the correspon-
ding states in 69Ge and 67Zn. It therefore appears that
with '^Se we are reaching a region of increased deformation.

Analysis of the data is finished and the results
are being written up for publication.

2.12 T = % B-delayed Proton Precursors (II): The Decays of Ge
z

and 73Kr
J.C. Hardy, T. Faestermann, H. Schneing (Neutron and Solid
State Physics), J.A. Hacdonald, H.R. Andrews, J.S. Geiger,
R.L. Graham and K.P. Jackson

A paper has been written summarizing the Chalk
River data on the (3-delayed proton decays of °5Ge
(tjj = 30.8 ± 1.05 s) and 73Kr (t% = 28.4 ± 0.7 s) . These data
include (see e.g., PR-P-112: 2.13; AECL-5696) proton spectra
as well as p-Y and p-x coincidences.

The fraction of Ge 6 decays populating proton- _.
emitting states in 65Ga was measured to be (1.3 + 0.5) x 10~ ,
and the proton branch in the decay of 73Kr that populates
the first excited state in 72Se was determined to be (18 ± 4 ) %
of the total proton decay. Average y widths at 5.5 MeV
excitation were established by PXCT (proton/x-ray coincidence
technique) measurement to be 200 + 60 meV in 65Ga and
320 ± 60 meV in 73Br. Values for Q E C ~ B P "ere also measured
to be 2300 ± 100 keV for 65Ge decay and 3700 + 150 keV for
73Kr.

The data for both decays were subjected to
statistical model analysis with considerable success. The
back-shifted Fermi gas model for level densities was found
to give better results than the Gilbert and Cameron formulas,
although important numerical results extracted from the data
were shown to be independent of the details of analysis. No
evidence was found for local structure in the 6-decay strength
function. A Jw assignment of 5/2+ (or possibly 7/2+) for
73Kr gives best agreement with the data.

2.13 Precision Mass Measurements

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

Our technique for precision mass measurements
(PR-P-128: 2.12; AECL-7234) relies on the precise measurement
of high DC voltages, for which a resistive divider is used.
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This divider was sent to the National Research Council,
Ottawa for calibration against their "Park" high-voltage
divider (J.H. Park, Journal of Research of the NBS, 66C, No.l,
January-March 1962). An intermittent fault, possibly caused
in transportation, was discovered and repaired at NRC; the
divider was recalibrated to 10.02%.

New measurements of cases (i) and (iii) listed in
table 2.12.1 of PR-P-128: 2.12; AECL-7234 were made with
the repaired divider. The results substantiated our earlier
measurements and confirmed that the fault had occurred
subsequently. We are now preparing to continue doublet
measurements related to the superallowed decays of 3 4C1, 3 8K,
42Sc and 46V.

2.14 Measurement of the 1 + (1.06 MeV) •* 0* (0.23 MeV) y-transition

Knergy in 26Al

V.T. Koslowsky, J-.C. Hardy, R.E. Azuma (University of V rant, ),
E. Hagberg and H.R. Leslie and C. Virtue (Queen's Univ-. . ••; '•:' '

We have already measured precisely (PR-P-128: 2.12;
AECL-7234) the Q-value difference between the reactions
14N(3He,t)14O(g.s.). and 26Mg(3He,t)26Al*(1.06 MeV). To con-
vert this result into the end-point energy of the 14O super-
allowed 0+ -*• 0 + 8-decay, it is necessary to measure with
comparable precision the energy difference between the 1.06
MeV and the 0.23 MeV states in 26A1.

The Queen's University Van de Graaff accelerator
was used to bombard a 25Mg target and populate the 1.06 MeV
level via the En = 1.199 MeV resonance in the 25Mg(p,y) capture
reacticn. The 829 keV y rays corresponding to the transition
of interest were detected in several runs with a Ge(Li) detector
at different angles (including 90°) with respect to the beam
in order to permit correction for the Doppler effect. Gamma-
ray sources of similar energy, 54Mn (834.843 + 0.006 JceV)
and 11OmAg(818.O31 ± 0.004 keV), were used as calibration.
Analysis is in progress.

2.15 Search for a-decay of 1 6 2Hf

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

Experiments have been performed to search for the
new isotope l62nf and to characterize its y decay. Targets
of enriched 142Nd(2.4 mg/cm2 thick), !41pr(2.3 mg/cm

2) and
Csl(2.5 mg/cm2) were bombarded with 24Mg beams having energies
between 105 and 133 MeV. The reaction recoils were transported
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with He-jet and tape (see Sect. 2.18 of this report) to a
shielded counting location where a and y rays were measured
concurrently. Calibrations of the a detector were done with
sources of 239Pu 241am a na 244cm as well as known Hf a activity
produced in the l33Cs (24Mg,xr.) reaction and detected with
the experimental transport and collection procedure.

141
Pr targets were used for cross bombardment in

order to distinguish between Hf and Lu products. Excitation
functions were measured with 142nd as well as H l p r targets.
Gamma- and x-ray coincidences were obtained in an experiment
with three y detectors. In particular, y- x-ray coincidences
will be used to establish the origin of the strongest y lines.
The analysis of the data is still in progress but as a pre-
liminary result of on-line analysis, we believe the new isotope
l°2Hf (t^ = 41 ± 3 s) has been observed. It has an a-decay
energy of 4.30 ± 0.02 MeV.

2.16 Direct Mass Measurements with the Isotope Separator

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

The isotope separator and related apparatus (des- •
cribed in PR-P-127: 2.20; AECL-7102) have been used for the
first time to determine directly the spacings of two mass
spectral doublets.

,. The Bernas-Nier ion source was used to study the
N2 - 12C 16O mass doublet with a mixture of 90% Xe, 5% N2

and 5% CO to support the ion-source arc. The resolving power
(=M/AM where AM is the FWHM of a beam of ions with mass M) of
the separator was 6000. The mass difference for this doublet
was determined (as the mean of three measurements) to be,

1 4N 2 -
 1 2C 1 6O = 11 120 + 280 yu.

This is in good agreement with the accepted value of
11 233.376 + 0.060 yu.

In addition to this, the FEBIAD ion source was used,
with a 0.2 mm outlet hole and pure Xe as the support gas, to
measure the separation of the much wider spaced l32Xe - l^Xe
doublet. The resolving power in this case was 4000 (FWHM).
The result of eight independent measurements of this doublet
is

1 3 2Xe - 1 3 1Xe = 999 360 + 370 yu

which compares favourably with the accepted value of
999 072 ± 7 yu.
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One may compare the precision achieved in these
measurements with estimates of the 'best' expected precision
based on the resolving power of the Fluke 8502 digical volt-
meter (DVM) which is used to measure the accelerating
potential applied to the isotope separator- If 6V is the
uncertainty in the DVM reading then the limiting precision
may be estimated to be 6m = <5V(Mave/Vave) where MaVe

 a n^
V a v e are the average mass and accelerating potential of the
two mass spectral peaks.

In the case of the CO - N2 doublet 6m is approxi-
mately 70 yu. This limit was not reached in practice
because a) the doublet was not completely resolved and
b) technical problems (later rectified) resulted in "noisy"
data. Neither difficulty occurred for the 1 3 2Xe - 131Xe
doublet, which resulted in precision close to the expected
limit (320 uu).

These measurements indicate that with the current
method a precision of ^ 2.5 keV/u may be attained. A sig-
nificant increase in precision would result by using the
DVM to measure differences between the accelerating potential
and a stable voltage source. However, our results are al-
ready most encouraging and it is intended that on-line tests
of the method will-be undertaken soon.

2.17 Calculation of Gamma Decay Widths

J.C. Hardy

The systematic calculation of average -y-ray widths
<Ty> has now been extended to the known cases among exotic
nuclei. If the measured PXCT data (see, for example, PR-P-125:
2.18; AECL-6956) are analyzed with the same prescriptions as
were used (see PR-P-128: 2.17; AECL-7234) in analyzing neutron-
capture data, the results show comparably good agreement with
theory. This conclusion, which so far applies to ^!>Ga, 69 A S /
73Br, 9^Ag and H 5 i , i s extremely encouraging and indicates
that a method now exists for calculating <Ty> in nuclei about
which no specific spectroscopic information is known. As
a byproduct of these calculations, it has become -evident
that the back-shifted Fermi gas model (e.g. W. Dilg et al.,
Nucl. Phys. A217 (1973) 269) provides a more satisfactory
level density prescription than the Gilbert-Cameron formulas
(A. Gilbert and A.G.W. Cameron, Can. J. Phys. 43 (1965) 1446)
— at least in the region of nuclei considered, 60 <_ A <_ 151.

This work is being written up for publication.
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2.18 Coupling of the He-jet and Tape Transport Systems

U.J. Schrewe, E. Hagberg, J.C. Hardy, H. Schmeing (Neutron
and Solid State Physics Branch) and E.T.H. Clifford

The existing He-jet target chamber (PR-P-103:
2.15; AECL-4931) was overhauled and prepared for a search
for 162Hf a decay (PR-P-129: 2.15; AECL-7328). In order to
measure the activity in a low background area, the He-jet
target chamber mounted in the 0° beam line in target room 1
was coupled with the small tape transport system (PR-P-123:
2.16; AECL-6680) at the end of the isotope-separator beam
line in target room 2 by using a 7 m teflon capillary.

The He transport gas was loaded with NaCl aerosols
by passing the gas through an oven containing NaCl salt
crystals. The transport efficiency, as well as a-particle
resolution measured with a surface barrier detector, was
found to be strongly dependent on the oven temperature; so
temperature stabilization (±2°) was used. Although the
highest transport efficiency was obtained at 670°C (PR-P-128:
2.13; AECL-7234), the amount of NaCl deposited on the tape
at that temperature was large. An improved a-line shape (a
thinner deposit) could be achieved with a temperature decrease
to 633°C, with the penalty of a concomitant reduction in
efficiency by a factor of 2.

The tape transport system was modified, so that
the collected source can be viewed with an u detector and
a y detector or with three y detectors (arranged in the form
of a T) simultaneously.

The coupled system of He jet and transport tape
could be used for a beta-neutrino angular correlation
experiment (PR-P-124: 2.11; AECL-6788) with the delayed
proton emitters 21Mg, 25Si and 2 9S. The short half-lives
(<_ 0.2 s) involved demand high transport efficiency and
velocity. A new multicapiliary He-jet target chamber has
been built to contain up to 13 target foils. Thirteen
pairs of teflon capillaries serve as He-gas inlets and out-
lets along the 6.5 cm long target chamber. The outlet
capillaries are collected into a single larger transport
capillary (i.d. 2.1 mm) so that an overall transport time
of only 100 ms is expected from calculation.

2.19 Ion Source Development for the On-Line Separator

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

The development of the He-jet ion source system
(PR-P-128: 2.1'a; AECL-7234) is progressing on schedule.
About half of the machining of the ion source proper has been
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completed. The design of the ion source base flange is
complete. This flange incorporates . '1 ion-source supply
feed-throughs as well as the skimme; ^ad side jet assembly.
A moderate setback was encountered when the large manifold,
reported completed in the last progress report (PR-P-128:
2.18; AECL-7234), was found to be leaking through several
welding seams. Since repairs proved unsuccessful, this
piece has to be remade.

With the delivery of the new Roots blower (Leybold
Heraeus WS 2000) all components of the pumping system now
exist, although at present the RG 350 blower and E 250 fore
pump intended as backing units are still in use in other
systems. Several new power supplies, needed to achieve high
temperatures in this source, have been ordered. A problem
encountered with our present system, cross talk between sev-
eral supplies fed from one isolation transformer, has been
studied. The new isolation transformer, required because of
the higher power load of this source, has been respecified
as a result of these investigations.

The major steps left are the design of the manifold
base flange (supporting the xyz skimmer positioner), the de-
sign of a mechanical support structure for the source, and
the completion and implementation of the flash arrester system.

2.20 Isotope Separator Operation

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

The isotope separator was used continually during
this period, except for five days when the radiation level
in target room 1 prohibited access. One on-line run of
seven days duration took place (20Na for 3-v correlations).
Because of the particular importance of the beam quality
(small spot size and precise beam direction) for this experi-
ment, one week was allowed for beam generation and fine
tuning. Only one ion source exchange was necessary for this
13 day operation.

All available off-line time was used in about
equal proportions for target implantations for in-house use,
and tests of the mass measuring program (see PR-P-129: 2.16;
AECL-7328).
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2-21 Kinematic Shifts in g-delayed Particle Decays

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

The beta-neutrino angular correlation experiment on
the decay of 20Na has been repeated. The activity was pro-
duced by the 12C(10B,2n)20Na reaction and extracted with the
on-line isotope separator. The basic arrangement has been
described in PR-P-124: 2.11; AECL-6788.

In order to overcome the problems encountered in
analyzing our earlier 20Na experiment (see PR-P-128: 2.20;
AECL-7234) several improvements have been made to the
equipment: 1) Collimators have been added to the g telescopes
to remove unwanted electrons scattered from light pipes in
the chamber. 2) The catcher foil angle was changed so that
the separator beam makes an angle of 30° to normal incidence
instead of the previous angle, 45°; this change reduces back-
scattering of the separator beam. 3) Stabilise;? L.E.D. light
pulsers were added to each of the B telescopes in order to-
monitor the gains of the photomultipliers.

The data, comprising some 240,000 coincidence
events, are being analyzed.

2.22 The Injection Beam Transport System for the Chalk River
Superconducting Cyclotron

W.G. Davies, A.R. Rutledge, A.S.C. Hyde and K.J. Brown
(Design and Technical Services)

Detailed design of the vacuum system and mechanical
support system is essentially complete. Vacuum pumps, valves
and other fittings will be ordered shortly. Design of the
safety interlock system is proceeding under the direction of
C.E. Langlais (Design and Technical Services Branch) and the
types and number of computer control modules have been
specified. Details of the alignment procedures for the mag-
netic elements have been worked out with C.D.K. Marshall and
M.H. Goldt (Mechanical Services Branch) and there seems to
be no difficulty in meeting the required tolerances.

Calculations using the code TRIM have been made to
check the final design of the 71 mm aperture quadrupoles that
must run at 0.9 T (9 kG) pole tip fields. The calculations
confirm that the pole, coil and yoke designs are satisfactory.
Similar calculations have been carried out for the design of
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the injection dipoles BI5 and BI6, whose special geometries
are required because of space limitations. The calculations
indicate that the pole, coil and field clamp designs will
perform satisfactorily.

Finally, work continues on the theoretical devel-
opment of different ion beams injected into the cyclotron.

2.23 Radioisotope Dating with the MP Tandem Accelerator

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

A five day run was carried out in January 1981. Two
improvements were incorporated that led to significantly
better performance. The first of these was a higher voltage
power supply for the Wien velocity filter (9 kV vs. 6 kV
previously) along with improved cooling of the magneti-: ele-
ments to allow them to operate at a correspondingly higher
field. This produced a higher velocity resolution and re-
sulted in total suppression of residual l^C in the l^C
spectrum. The second change was to stabilize the GVM by using
a signal derived from remotely-controlled retractable slits
rather than the signal from a beam profile monitor. The
existing electronics associated with the latter device had
not proved sufficiently stable for this rather exacting
application.

In the new system the currents from the slits are
fed into integrators that give out trains of standard +5 V
logic pulses whose number is proportional to the charge col-
lected by each slit. The output pulses from one integrator
were attenuated in amplitude and then the two pulse trains
were combined in a summing amplifier. The output of the latter
was fed to an ADC producing a pulse height spectrum with two
sharp peaks and areas proportional to the charge collected by
each slit. A digital stabilizer, with the centre of its
stabilization window lying between the two peaks, generated
a correction signal for the GVM reference voltage. This sys-
tem worked very well.

Increased stability in operation was also obtained
by improved steering and focussing of the beam in the region
following the 56° bending magnet. This was aided by a beam
profile monitor placed just after the velocity filter. With
this improved set-up the system operated for several days
without any intervention other than sample changes.

The accuracy seems to be limited at present, by the
lack of reproducibility in the sample positioning. This
is presently continuously variable with no read-out of
position information. Substantial changes in the 1*C/12C
ratio were obtained by deliberately moving the sample from
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12the optimum position for C yield. Further measurements are
necessary to explore fully the differential sensitivity of
our ratio results to various accelerator parameters.

In an effort to reduce the system background, a
cold trap was installed in the vicinity of the ion source.
This produced a drop in the magnet box pressure but had no
significant effect on the 14C background level. 12C currents
of a few nanoamperes have been obtained from empty Al holders
and bare Ta wires. The absolute 1 4C flux is comparable to
that seen with graphite and limestone background samples and
the 14C/12C ratio is approximately that of modern carbon.
At present there is no clear evidence of 14C enrichment from
previous accelerator operations and further experiments are
required to determine the origin of the background and means
of eliminating it.

Details of sample preparation and sample results
can be found in PR-HS-7: 3.14; AECL-7329.

2.24 Target Preparation Laboratory

J.L. Gallant and P. Dmytrenko

In addition to normal target preparations, a new
method was developed to prepare isotopic magnesium metal from
the oxide. To avoid possible contamination from the lanthanum
or zirconium metals usually used to reduce the oxide, tantalum
is employed because its high melting point is further removed
from the reduction temperature. Filings, prepared by rubbing
a tantalum rod on a file are boiled in nitric acid to dissolve
any iron particles. The filings are then rinsed in distilled
water and dried. A quantity of one part magnesium oxide to
three parts tantalum is thoroughly mixed and placed into a
tantalum crucible and heated to the reduction temperature.
The metal is collected in a quartz cap coated internally with
sodium chloride and placed just above the crucible. After
the reduction, the cap is submerged in distilled water and
the magnesium removed.

Measurement of the Hydrogen Content of Cracked Ethylene
Carbon Stripper Foils'

The hydrogen content has been determined by
Labrie et al. of the Universite de Montreal for carbon
stripper foils prepared at Chalk River by the glow discharge
cracking of ethylene. Zapon-backed foils have a hydrogen
content of 35 atomic percent confirming the Chalk River re-
sults (PR-P-128: 2.25; AECL-7234). A previous analysis of
similar foils at the University de Montreal had shown a
hydrogen content of 3%. The discrepancy was probably caused
by the loss of the hydrogen from the foils during the first
minutes of the measurement.
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Work done for other branches

Thorium fluoride was evaporated on thin aluminum
foils. This work was done for the Neutron and Solid State
Physics Branch.

2.25 Tandem Electronics

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

Five more solid state current microammeters des-
cribed in PR-P-128: 2.26; AECL-6452 have been completed and
installed for beam current measurements on the MP beam
transport system.

The beam current integrators described in PR-P-120:
2.24; AECL-6452 have been modified to reduce the 60 Hz pick-
up on the nanoampere range. Increasing use of recorders,
which are connected between the current converter and
integrator section's, indicated the desirability of increased
shielding when the low current range was in use. A foil-
shielded input cable and a connector shroud reduce the 60 Hz
pick-up to * 1% of full scale on the 10~9 range.

To allow .recording of the individual charging
chain signatures for diagnostic purposes, permanent hardware
is being installed on the MP tandem. A recently obtained
Nicolet digital oscilloscope permits permanent recordings
on diskettes for recall and comparison of real time behaviour
at any future date.

2.26 Mikros-16 Data Acquisition

J. Sharp

Two peripheral interface boards have been constructed
for the MIKROS-16 computer: they are a Direct Memory Access
(DMA) board and an Input-Output [I/O) board. These boards
will be used for the several types of data interfaces built
or being built for the data acquisition system. The I/O
board allows the computer to communicate with slow peripheral
interfaces such as data registers, general purpose sealer
units, etc. Also it allows the generation of up to eight
levels of priority interrupting from the I/O devices. The
DMA board is intended for applications where high speed
transfers of data is required between a device and the computer
memory.

Both these boards have been tested on the MIKROS-16
system and have been successfully interfaced into the computer
and an on-line data display. Transfer rates of 250 kHz have
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been demonstrated with no evidence of interaction with
normal computer operation. In the near future, further
testing along these lines will be done, using the computer's
real time clock.

CAMAC Branch Driver

The construction of a CAMAC branch driver for the
MIKROS 16 computer has been completed. The branch driver can
be operated and controlled in either an I/O,or DMA mode.

PDP-1 Computer

Late in February the main data display for this
computer failed; the display's deflection yoke and a 50 V DC
power supply were totally destroyed. Since the DEC service
personnel reported they would not be able to replace the
failed items for several weeks, a replacement display system
was built and installed, as an interim replacement.

2.27 A Two-Dimensional, Position Sensitive, Multiwire Proportional
Counter for Use in Crystal Blocking Lifetime Measurements

N.C. Bray and J.S. Forster

A multiwire proportional counter, 3 cm x 3 cm,
has been constructed for use in blocking dip measurements of
fission fragments produced by heavy-ion bombardment of thin
crystal targets.

The counter consists of three cathode and two anode
planes and is based on the design of Breskin et al. (Nucl.
Instr. & Methods 143 (1977) 29). Each plane has sixty wires
of .0127 mm diameter, gold plated tungsten, with 0.5 mm
spacing. The. wires on the «nqde planes and one of the cathode
planes are connected together and high voltage is applied to
through 1 megohm resistors to the anode planes. The wires
on the other two cathode planes are connected together in
groups of six and connected to low level amplifiers. Successive
cathode and anode planes are placed with their wires orthogonal.
The cathode pjane with all wires connected together is grounded
and placed in the centre, thereby separating electrically the
x and y measuring cathode-anode pairs.

The five planes are separated by 4 mm and mounted
on insulating nylon washers in a cylindrical aluminum housing.
A 0.25 mg/cm^ aluminized window is used to separate the vacuum
chamber from the counter which is designed to operate with
*v 1.0 kPa (8 Torr) pressure of isobutane gas.
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When a heavy particle passes through the counter
it produces an avalanche of electrons about the nearest
anode wires it passes. This produces an induced charge on
the cathode strips (each group of six wires connected together)
which is amplified,, and the centroid of the distribution can
be calculated giving the position, with an expected accuracy
better than 0.1 mm.

Further tests on the counter are in progress.

2.28 MP Tandem Operation

J.C.D. Milton

The MP tandem availability was again improved this
quarter with the unscheduled down time as low as the record
achieved in the preceding quarter. The scheduled down time
includes five days of the Christmas break and one tank open-
ing requiring six days for replenishing foils and repairing
a faulty valve on the stripper gas system. The column repair
is standing up well and gratifying results have been obtained
with a new method of securing the bearings to the idler
pulleys of the Pelletron charging chains. All pulleys have
now been converted and no converted pulley has yet had to be
removed.

During the quarter 15 experiments were performed
involving CRNL and 19 visiting scientists. The visitors
participated in experiments occupying 74% of the experimental
time, during which they provided 56% of the effort.

Table 2.22.1

MP Tandem Availability 1 January - 31 March

Hours %

Beam Available 1403 65.0
Scheduled Shutdown 614 28.4
Unscheduled Shutdown 143 6.6

2160 100.0

2.29 Computer Aided Control System for the Superconducting Cyclotron

R.L. Graham, B.F. Greiner (NRX Reactor Branch), L.D.J. Hansen
(Mathematics and Computation Branch) and R.B. Walker

The existing control system has been heavily used
during the past quarter for control of field mapping equip-
ment and the r.f. system. The system was also used by
Operations to convert existing control programs from FORTRAN
on the PDP-10 to MUMTI on the PDP-11. Development of the
interfaces to the liquid helium systems has begun.
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Numerous disc errors occurred during March resul-
ting in a one-week shutdown for servicing and degraded
operation for several additional days. This experience has
highlighted the need for a backup system for reliable on-line
computer control. When space becomes available in the new
control room, two identical computer systems are planned.
The backup system will normally be available for off-line
software development.

Study of the V1CKSI software continues with
special emphasis on the system variable data base. A draft
of the data-base-update user's manual is 95% complete. This
manual is essential for installation of, and access to, the
parameters that will be needed for defining the 2000 to 3000
system variables which are anticipated in the SCC control
system.

2.30 CAMAC Module Requirements for SCC Control System in Phase I

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

In response to a March 9 request for a "risk
assessment" on the Phase I part of the SCC computer control'
we have conducted a detailed survey to identify, as precisely
as possible, the number of CAMAC modules that will be needed
to support devices in Phase I. It now appears that about
40 CAMAC crates will be needed to house the following modules:

276 Single 16-bit Input Gate/Output Registers
81 Stepping Motor Controllers
44 32-channel 12 bit scanning ADC's
55 Input gate, pulse output modules
33 12 Serial crate controllers

i< 140 Miscellaneous modules

The estimated cost of the new CAMAC equipment,
control desk and associated touch panels, knobs, and displays
is in reasonable agreement with the Phase I funds allocated
for control in September 1980.

2.31 CAMAC Construction for the SCC Control System

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

A third serial CAMAC highway has been installed to
permit operating CAMAC crates for test purposes in laboratory
15 of building 14.

Six manually operated stepping motor controllers
(SMC) are now being constructed in building 409. When
complete these will be used for off-line operation of stepping
motor units in exactly the same manner as v?ith on-line com-
puter control using SMC CAMAC modules.
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Ten general purpose stepping motor power units
are ready for construction. Each of these units will supply
the d.c, power needed for four low current (7 A max)
stepping motors such as those used in slit assemblies or
two higher current (14 A max) motors. These are wired to be
cable compatible with both the manual and CAMAC SMC modules.

To minimize heating in stepping motors, a reduced
power mode arrangement has been devised and tested. A minor
modification to the SMC module (CAMAC or manual) senses
whether a pulse train is present or not. When the train is
absent a signal is sent to open a solid state relay mounted
near the series resistor unit which causes a second resistor
(or open circuit) to be placed in series. The specifications
for the SMC CAMAC modules will be modified accordingly before
placing orders for the additional 73 SMC CAMAC modules needed
for Phase I.

A prototype manual position indicator unit has
been constructed. It contains a stable 10 V d.c. source and
a 10 V DVM readout to sense the voltage fraction coming back
from a position sensing potentiometer. This unit can be used
for off-line testing of units for which the position will be
read by a 0 to 10 V ADC when operating on-line.

2.32 Multiplexers for the SCC Control System

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

Most of the documentation (in German) which was
obtained from the Hahn Meitner Institut (HMD last November
(PR-P-128: 2.28; AECL-7234) has been translated into English
and has been circulated for assessment. As a result of the
visit by two of us (R.L. Graham and R.B. Walker) to Copenhagen
last December, a Danish firm (Danfysik) has recently indicated
that an agreement has been made with HMI to have any multi-
plexer unts that we might order made under the supervision of
qualified people at HMI.

2.33 Ba International Comparison

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

We were among the approximately six laboratories that
participated in an international comparison of activity meas-
urements of a solution of 1 3 3Ba, sponsored by the Bureau
International des Poids et Mesures (BIPM). The 4IT(PC)-Y
coincidence counting method was used with a y-channel window
of 200 to 435 keV. Twenty-two sources were prepared and
counted in five separate runs. The range of efficiency in the
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47r(PC) was from 0.74 to 0.53, and the standard deviations in
the final results of least squares fits to the data were from
±0.1 to ±0.2% for the fivs runs. The chi-squared values for
fits to first and second order polynomials were essentially
the same/ and therefore the results for the first-order fits
were adopted. However, the chi-squared values were high,
indicating an inconsistency among the data which might come
from the samples or from some instrumental instability, or from
both. We have reason to suspect the former is the greater
problem here: samples taken at the beginning and end of a
one-month interval were measured in a relative y-counting
system and the two groups differed by (0.34 ± 0.07)%,
suggesting the solution was not stable. However, with the
complex y spectrum and the limitations in the resolution of
Nal detectors, it is impossible to select Y-channel windows
that give an efficiency function that is independent of small
drifts in the window.

2.34 Half-life of lllXn

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

The half-life of In is being determined by
following its decay with our 4ITY ionization chamber. Data -
are accumulated overnight and on weekends with the new auto-
matic sample changer, which is proving to be most advantageous
for work with short-lived nuclides. Our preliminary value
for the 113-In half-life is 2.8048 days with a standard devi-
ation of ±0.0001 day. This is in good agreement with other
values recently determined by ICRM members, but differs
significantly from the value of 2.83 days given in current
compilations of nuclear data.

2.35 Activity Measurement of In

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

At the request of the Life Sciences Working Group
(LSWG) of the International Committee for Radionuclide
Metrology (ICRM), the activity concentration of a solution
of Ulln was determined and a sample of the solution was
submitted to BIPM for registration in the international ref-
erence system. The purpose of the LSWG request was to
ascertain the reliability with which standards of this nuclide
could be produced, as Ulin has been proposed for applications
in nuclear medicine.

Stocks of In were obtained from a commercial
supplier in the form of sterile saline solution. Prelimin-
ary studies indicated chemical purification was worthwhile.
Following purification the only detectable impurity was
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In (-0.01% at the reference time). The 4TT(PC)-Y
coincidence counting method was used for the activity measure-
ments, and a y-channel window set to include only the 245-keV
Y ray was found to give the most satisfactory results. The
coincidence resolving time was set at 1.1 us for these
measurements, because of the 85-ns delayed 245-keV transition.
For our final run in which a sample was sent to 2IPM, the
range of 47r(PC) counting efficiencies was from 0.38 to 0.19.
The results from counting nine sources six times with our
two systems of electronics were consistent and gave a stan-
dard deviation of ±0.05%. We conclude that accurate
standards of this radionuclide can be produced.

2.36 Programming for Data from the Ionization Chamber

L.v. Smith and J.S. Merritt

A FOCAL program has been written for off-line
computation of data on paper tape from the ionization-chamber
system. The program uses labels from the SUCCESS
output to sort the samples into categories, depending upon
the conditions of the experiment.

Three different radionuclides plus Ra reference
sources can be accommodated among the twenty sample positions
that are available.' The individual observations are corrected
for background and for decay to an appropriate reference
time, and mean values for groups of observations are computed.

2.37 Standards Issued

J . S . Merritt , L.V. SirJ th and A.R. Rutledge

fiNa - TRIUMF ^
__Mn - Instrument Development (6)
r'co - Nuclear Physics
Co - Instrument Development (6)*

60Co - Instrument Development (6)
6?cu - Commercial Products
88y _ Nuclear Physics

Ulln - Environmental Research
111ln - Commercial Products ^
133ga - Instrument Development (6)
133j3a - Nuclear Physics
137 - Instrument Development (6)

E U - Nuclear Physics
241Am - Nuclear Physics

Part of a project for Commercial Operations.
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2-38 Miscellaneous Services

J.S. Merritt and L.V. Smith

The content of 131Xein in two samples of 1 3 3Xe was
determined for Commercial Products and a source of ^37^s w a s

produced for Commercial Operations.

2.39 Time-of-Flight Measurements

W.N. Lennard, D. Phillips, I.V. Mitchell in collaboration
with H.R. Andrews and D. Ward

See PR-CMa-56: 1.2.3? AECL-7332

2.40 Laser Magnetic Resonance

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

See PR-CMa-56: 3.2.4; AECL-7332

2.41 The Absolute Calibration of the Illinois Multi-Wire Fission
Counter"

J.W. Knowles, R.N. King and W.F. Mills with J.L. Gallant
(Nuclear Physics Branch) and L. Watt (University of Toronto)

See PR-P-129: 3.12; AECL-7328

14
2.42 Accelerator Measurement of C

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

See PR-HS-7: 3.14? AECL-7329

2.43 Deuterium Photodisintegration - Parity Violation Experiment

E.D. Earle with A.B. McDonald, J.J. Hill (Nuclear Physics
Branch), L.O. Dallin and S. Kidner (Accelerator Physics Branch)

ise PR-P-129: 3.16; AECL-7328

2.44 Measurements of the Multipolarity of the ~??89 keV Transition

from the Parity Doublet in TJe

E.D. Earle with A.B. McDonald (Nuclear Physics Branch),
J.J. Simpson (Guelph University), R.G.H. Robertson (Michigan
State University) and H.-B. Mak (Queen's University)

See PR-P-129: 3.17; AECL-7328
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2.45 Publications and Lectures
a) Publications

g-FACTORS OF HIGH-SPIN STATES IN 160Dy AND 1 7 0' 1 7 4yb
MEASURED BY THE TRANSIENT MAGNETIC FIELD INTERACTION
H.R. Andrews, O. Hausser, D. Ward, P. Taras, N. Rud,
B. Haas, R.M. Diamond, D. Fossan , H. Kluge, M. Nieman,
C. Roulet and F.S. Stephens
Physical Review Letters A5_ (1980) 1835

1 5d
REMEASUREMENT OF LIFETIMES FOR HIGH SPIN STATES IN Er
D. Ward, J.F. Sharpey-Schafer, T.K. Alexander, H.R. Andrews,
0. Hausser and J. Keinonen
Physics Letters 99B (19 81) 378

ELECTROMAGNETIC PROPERTIES OF HIGH SPIN STATES
D. Ward
Journal de Physique 41̂  CIO (1980) 48

A PRECISE PK/PO+ MEASUREMENT AT Z=55: (I) THE MASS OF
 130Cs

J.C. Hardy, G.C. Ball, W.G. Davies, J.S. Forster, H. Schmeing
and E.T.H. Clifford
Nuclear Physics A357 (1981) 356

A PRECISE Pv/Po+ MEASUREMENT AT Z=55: (II) THE DECAY OF
130Cs *

E. Hagberg, J.C. Hardy, B. Jonson and P. Tidemand-Petersson
and the ISOLDE Collaboration
Nuclear Physics A357 (1981) 365

EVIDENCE FOR ENHANCED TRANSITION RATES IN THE FEEDING OF
147

HIGH SPIN STATES IN Gd
N. Rud, D. Ward, H.R. Andrews, P. Taras and J. Keinonen
Physics Letters 100B (1981) 17

A MEASUREMENT OF THE LOCAL DENSITY OF 3He-IMPLANTED METAL
FOILS BY THE DOPPLER SHIFT ATTENUATION METHOD
T.K. Alexander, G.C. Ball, W.G. Davies and I.V. Mitchell
Journal of Nuclear Materials 9£ (1981) 51-56

The following abstracts appeared in the AIP Conference
Proceedings No. 69:

PARITY VIOLATION IN THE np SYST2M AT LOW ENERGY
A.B. McDonald
Fifth International Symposium - Polarization Phenomena in
Nuclear Physics 1980, Santa Fe, New Mexico, 80 Aug. 10-15

AN EXPERIMENT TO MEASURE PARITY VIOLATION IN THE 2H(y,n) H
REACTION
E.D. Earle, A.B. McDonald, and J.W. Knowles
Fifth International Symposium - Polarization Phenomena in
Nuclear Physics 1980, Santa Fe, New Mexico, 80 Aug. 10-15
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b) Lectures

ACCELERATOR BASED 14C DATING AT CHALK RIVER
W.G. Davies
Seminar presented at the University of Alberta
1981 January 05

MAGNETIC MOMENTS OF HIGH SPIN STATES
D. Ward
Seminar presented at Lawrence Livermore Laboratories,
1981 January 20.

THE DECAY OF A NEW NUCLIDE, 71Br: A BY-PRODUCT OF THE
PROGRAM TO DETERMINE THE PRODUCTION RATES OF MEDIUM
MASS NEUTRON DEFICIENT NUCLIDES FROM THE CHALK RIVER
ON-LINE ISOTOPE SEPARATOR
E. Hagberg, J.C. Hardy, H. Schmeing, J.S. Wills, W.L. Perry,
H.C. Evans, V.T. Koslowsky and E.T.H. Clifford
Eastern Regional Nuclear Physics Conference, Auberge Mont
Gabriel, Quebec, 1981 March 6-9.

RECENT RESULTS FROM THE CHALK RIVER ON-LINE ISOTOPE
SEPARATOR
J.C. Hardy
Invited talk given at the Eastern Regional Nuclear Physics
Conference, Auberge Mont Gabriel, Quebec, 1981 March 6-9.

THICKNESS DEPENDENCE OF LOW ENERGY STOPPING POWERS
H.R. Andrews
New York Workshop on Exotic Penetration Phenomena, New
York University, 1981 January 09.

FUSION, FUSION REACTORS AND FUSION BASED FISSILE FUEL
BREEDERS
J.S. Geiger
Colloquium presented at the University of Waterloo,
1981 February 19.
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NEUTRON AND SOLID STATE PHYSICS BRANCH

G. Dolling

Staff

Phonons in Uranium Sulphide

Molecular Orientation and Phonons in Solid 8-N_

Low Temperature Structure of SFg

Temperature.Dependence of the Principal Peak of S(Q) for
Superfluid He

Temperature Dependence of S(Q,o>) for Liquid He

Spectrophotometric Determination of Dimer Percentages
Produced by UV Irradiation of Crystals of the Nucleic
Acid Bases

Neutron Diffraction from Biological Membranes

Vacancy Formation Energies in Alloys

Improved Positron Source Capsules

Control Network for Neutron Spectrometers

The Absolute Calibration of the Illinois Multi-Wire
Fission Counter

N4 External Thermal Neutron Facility

Thick Target Neutron Yields from (p,x)n Reactions at 100 MeV

Reactor Beam-Hole Use

Deuterium Photodisintegration - Parity Violation Experiment

Measurements of the Multipolarity of the 2789 keV Transition
from the Parity Doublet in 2lNe

Ion-Chamber Sample Changer

Trace Impurities in CdTe by Zeeman Effect Atomic Absorption
Spectrometry

Carbon Trace Impurities in Te, Cd and CdTe

Supply and Servicing of Detectors

Glassblowing Services

Machine Shop Services

Direct Mass Measurements with the Isotope Separator
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3.25 T = % 8-delayed Proton Precursors (II): The Decays of Ge

and 'JKr

3.26 The Decay of 71Br

3.27 Kinematic Shift." in 8-delayed Particle Decays

3.28 Isotope Separator Operation

3.29 Coupling of the He-jet and Tape Transport Systems

3.30 Search for a-decay of 162Hf

3.31 Ion Source Development for the On-Line Separator

3.32 Static Structure Factor of Liquid Helium

3.33 Multi-Transition High Energy Gamma Ray Calibration Source

3.34 Publications and Lectures
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BRANCH HEAD: G. Dolling

SECTION I

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

SOLID STATE PHYSICS TECHNICAL STAFF

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

SECTION II

J.W. Knowles

NEUTRON NUCLEAR PHYSICS

E.D.
M.A.

Earle
Lone

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

SECTION III

J.G.V. Taylor
H. Schmemg

COUNTER DEVELOPMENT

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

GLASSBLOWING

J.G. Wesanko

DESIGN

W. McAlpin
J. Dunn (2)

WORKSHOPS

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

Spenceley
Whitlock

SECRETARIAL STAFF

D.M. Mitchell(1)
S.G. Lusk(3)
A. Van Dine (4)

(1) Terminated February 13, 1981
(2) Seconded from Design and Technical Service Branch
(3) Temporary Secretary
(4) Joined the Branch February 23, 1981



- 44 -

3.2 Phonons in Uranium Sulphide

T.M. Holden and W.J.L. Buyers, with J.A. Jackson (University
of Guelph

Further measurements have been made with the C5
spectrometer to obtain more accurate frequencies for the
phonons at room temperature, especially in the (111)
direction, where a near degeneracy of the LA and TA modes
was observed previously (PR-P-126: 3.2, AECL-7055). The
room temperature elastic constants (units 10l^N/m2) derived
from the neutron data are compared with those derived by
DuPlessis from ultrasonic measurements (private communication
given in brackets) as follows: Cji = 25.1 (28.7), C44 = 2.4
(1.72) and C^2 = -1.4 (not measured by ultrasonics).

3.3 Molecular Orientation and Phonons in Solid B-Wp

B.M. Powell, H.F. Nieman and G. Dolling

Analysis of the experimental integrated intensities
of the Bragg reflections in 6-N2 was continued (PR-P-128:. 3.3,
AECL-7234). Despite the measurements of several high index
reflections the values of the coefficients of the higher
order harmonics are not defined. This implies that despite
the linear configuration of the N5 molecule, its scattering
density distribution is almost spherical, there is at most
a 1% hexagonal distortion. The mean square translational
displacements parallel or perpendicular to the C axis were
also found to be closely equal, <U*> = 0.055 A^.

Experiments to observe librational excitations in
8-N2 were also continued, but without success. No discrete
neutron groups were observed which could be identified as
scattering from librational phonons. However, all the
scattered neutron distributions showed intense scattering at
low frequencies, indicating overdamping of the librational
phonons. Analysis of these neutron distributions in terms
of the Michil-Naudts theory (J. Chem. Phys. Q, (1977) 547)
of phonon-reorientational diffusion coupling is in progress.

3.4 Low Temperature Structure of SFg

B.M. Powell and G. Dolling, with G.S. Pawley (University of
Edinburgh)

Below 96K sulphur hexafluoride is a normal solid
whose crystal structure is unknown. High resolution neutron
diffraction measurements have been made on a polycrystalline
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sample of SF6 in this low temperature phase. The specimen
was prepared by cryogrinding solid SFg at 77 K in a vanadium
specimen chamber. The specimen chamber was then loaded into
a pre-cooled Displex helium refrigeration system. This
operation was carried out quickly enough to prevent the
specimen from warming to the high temperature phase. The
diffraction measurements were made on the L3 spectrometer
operated in a two-axis mode. The monochromator was GeO31)
(A -1.8339 A>*and collimations of 0.33° and 0.36° were used
before and after the sample,respectively. Measurements were
made at temperatures of 12K and 75K and analysis of the data
by the powder profile technique to determine the crystal
structure at these temperatures is in progress.

3.5 Temperature Dependence of the Principal Peak of S(Q) for
Superfluid 4He

E.C. Svensson

The results reported in PR-P-127: 3.8; AECL-7102
for the total neutron scattering at the position of the
principalopeak of the static structure factor S(Q) at
Q = 2.04 A"* have been analysed to obtain highly accurate
(± 0.4% on average) relative values, SM2.04), of S (Q)
for superfluid 4He for 16 temperatures in the range
1.04 <T<2.169K (Tx = 2.172 K). The corrections for fast
neutron background, empty cassette scattering, shielding
effects, multiple scattering, and the variation in density
were carried out following the procedures described by
Svensson et al. (Phys. Rev. B21 (1980) 3638). S* (2.04)
increases monotonically with increasing temperature in the
superfluid phase, exhibiting a typical order-parameter
behavior. The total variation is 4.2%. The temperature
variation is very well described by the proposed decom- •
position (PR-P-123: 3.3; AECL-6680 and Svensson et al.,
Phys. Rev. B, in press) of S(Q) into superfluid and normal-
fluid components with weights proportioned to n s = P-/P
and n n = 1 - ns where Ps is the macroscopic superfluxd
density. The very recent prediction of Gaglione e_t al.
(Phys. Rev. B23 (1981) 1129) is also found to give good
agreement with the observed variation of S* (2.04) except
possibly very close to T^ where their calculations are
least reliable. This agreement certainly strengthens their
contention that the anomalous temperature variation of S(Q)
for superfluid ^He is attributable to the changing thermal
population of rotons.

*1 A = 0.1 nm
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A

3.6 Temperature Dependence of S(Q,t°) for Liquid He

E.C. Svensson with E. Talbot (University of Toronto)

A program of detailed quantitative analysis of
earlier results (see PR-P-116: 3.6, AECL-6083 and
PR-P-119: 3.9, AECL-6366) for the temperature dependence
of S(Q,w) for liquid ^He in terms of the two-component
model of Woods and Svensson (PR-P-118: 3.7, AECL-6216 and
Phys. Rev. Lett. £1 (1978) 974) is underway. Essentially
all of the computer programs needed for the analysis have
now been written and tested. In spite of very careful
measurements and elaborate data-correction procedures (see
PR-P-117: 3.6, AECL-6177) there still invariably remains
some weak residual "background" contribution because certain
processes such as multiple scattering involving both the
specimen and its container cannot be either determined
experimentally or accurately estimated. This residual
"background", which usually appears as a spurious high-
frequency tail on the distributions, must be removed before
a detailed quantitative analysis can be carried out. This
removal is most satisfactorily accomplished by requiring
that the final distributions satisfy the zeroth- and first-
moment relationships, /S(Q,io)du) = S(Q) and /w S(Q,u>)du) =
hQ2/2M. The recent accurate experimental results for S(Q)
for a wide range of temperatures (Svensson et a_l., Phys.
Rev. B23. (1980) 3638 and Sears et al., AECL-6779) allow
the final adjustments to be made much more accurately than
before, but the correction procedure is still a tedious
iterative process. It has now been partially completed.

3.7 Spectrophotometric Determination of Dimer percentages
Produced by UV Irradiation of Crystals of the Nucleic
Acid Bases

P. Martel

A simple method of determining dimer percentages
in crystalline UV-irradiated 1-methylthymine was outlined
by R.F. Stewart (Biochim. et Biophys. Acta, 75, (1963) 129).
It consists of measuring the increase in UV absorption upon
UV irradiation of partially dimerized crystallites dissolved
in water. The increase results from dimer breakup. This
method has not been applied to other nucleic acid bases such
as uracil because ultraviolet irradiation in aqueous solution
leads to the addition of H2O across the 5,6 double carbon
bond, thereby producing a decrease in absorption opposite to
the effect produced by the breakup of cyclobutane dimers.
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Molecules like thymine are supposed to be free of this
process because of the presence of a 5-methyl group. We
have found, however, that with sufficiently large dose,
1-methylthymine also suffers from this effect, although
not as severely as in the case of uracil where the linear
rate of hydration appears to be at least 4 times faster.

The conclusion of this experiment is that the
irradiations in water must be continued for a time sufficient
to determine the rate of decrease due to hydration; an
extrapolated value can then be obtained for the much more
rapid increase in absorption due to dimer breakup. In this
way it is possible to determine dimer percentages in uracil
and isocytosine as well as in 1-methylthymine. The experiment
was carried out with a Beckman DU spectrophotometer provided
by Radiation Biology Branch.

3.8 Neutron Diffraction from Biological Membranes

P. Martel, A.H. Hewitt and H.F. Nieman

We have designed and constructed a shielded cassette
for holding microscope slides which can serve as a backing
for membrane bilayers. Such a cassette is required for
experiments to determine the location of superoxide
dismutase in membranes (proposed collaboration with WNRE).
The air-tight cassette is made of thin aluminum and con-
tains a reservoir for holding saturated salt solutions to
control the humidity of the specimens. Since critical
temperatures for phase transformation occur near room
temperature, provision has been made for temperature control
by means of water flow through coils. Preliminary small
angle neutron scattering measurements on two specimens of
egg-yolk lecithin (Sigma Chemical Co. Type V-E) were made
at the C4 ospectrometer, NRU. Bilayer spacings of ̂ 63 A
and "v 40 A were observed in each specimen. The mosaic
spread of the specimens was 20°, and efforts are continuing
to grow specimens with smaller mosaic spread.

3.9 Vacancy Formation Energies in Alloys

S.M. Kim

Although vacancy formation in alloys has been
studied experimentally and theoretically over the last
50 years, a coherent picture has not been available. Recently,
however, we have discovered a simple empirical relationship
between the formation energies of vacancies in alloys and
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those in the constituent pure metals for the bcc, fee and
hep structures. With this relationship it is possible
to predict the formation energies of vacancies in various
alloys, and to determine the vacancy formation energies
of pure metals in these structures.

A new theory of vacancy formation in alloys has
been formulated. For the ordered AB type alloys (CsCl
structure) we find that the vacancy formation is given by
E(AB) = E(B) + 8v, where E(B) is the vacancy formation
energy of metal B in the bcc phase (E(A) >E(B)) and v is
the ordering energy. For the ordered A3B type alloys (fee
structure) we find that E(AB) = (2/3) E(A) + (1/3) E(B) + 4v
where E (A) and E(B) refer to fee phases (E(A) >E(B)). For
disordered AB and A3B type alloys approximate expressions
for E(AB) have been obtained. The present theory accounts
quantitatively for most of the observed vacancy formation
energies in alloys. It also predicts that when disordered
alloys are heated the alloying elements which have lower
bond energies may segregate on the surface. This important
possibility is still under investigation.

3.10 Improved Positron Source Capsules

D.C. Tennant, W.J.L. Buyers and S.M. Kim, with J.A. Jackman,
(University of Guelph)

A previously unexplained deviation from the expected
~ 13 hour decay of the 64cu positron source has been
identified and eliminated. Gamma ray spectra obtained with
a Ge(Li) detector showed lines consistent with the presence
of small amounts of 56Mn (0.85 MeV, 1.81 MeV, 2.11 MeV,
2.58 h) and 72Ga (2.20 MeV, 2.49 MeV, 2.51 MeV, 14.1 h ) .
These originate from impurities in the thick, 99.5% pure
aluminum capsule which holds the thin copper source. The
gamma rays cause pair production in the collimator slits,
adding an undesired component to the singles rate. By
changing to 99.99% pure aluminum capsules the impurity
background under the 0.511 MeV photopeak was reduced by a
factor of 14 and the magnitude of the correction to the
coincidence rate decreased by a similar factor to 0.3%. The
errors from this correction are now negligible.

3.11 Control Network for Neutron Spectrometers

M.M. Potter, G.H. Keech and W.J.L. Buyers

The first phase has been completed at the C5 neutron
spectrometer of a PDP11-CAMAC network for the simultaneous
control of several independent experiments at the NRU reactor.



- 49 -

Mechanical positioning and data acquisition are achieved
under Fortran control by a core-only PDP11/03 at each
experimental node coupled through a dedicated CAMAC crate
to the experimental hardware. Data storage is centralized
on the disks of a host PDP11/34 operating under RT-ll/FB
and data transfer is accomplished by REMOTE-11 which
simulates an RT-11 environment in each PDP11/03 satellite.
The host computer is also used for generation and testing of
planned experimental scans and configurations, analysis of
data and program development. A cost-effective feature of
the system is the multiplex hardware at each satellite
which, by means of only 2 CAMAC modules, permits up to 16
motors to be driven simultaneously at independently adjust-
able speeds.

3.12 The Absolute Calibration of the Illinois Multi-wire
Fission Counter"

J.W. Knowles, R.-N. King and W.F. Mills with J.L. Gallant
(Nuclear Physics Branch) and L. Watt (University of Toronto)

Following the high resolution measurement of the
photofission spectrum of 232Th at the University of Illinois
(PR-P-128: 3.9, AECL-7234) the fission chamber has been
calibrated at the NRU reactor. For this purpose we have
constructed a supplementary fission chamber which includes
4 multi-wire assemblies, identical to those used in the
large fission counter described in PR-P-126: 3.16, AECL-7055.
The target plates in the small chamber are coated with
200 pg/cnr 232>rhO2 on one side of aluminum foils, 1 mg/cm2

thick. Each foil is located between two wire arrays which
allows one to measure both the single-fission and back-to-
back coincidence fission counting rates following a (y, f)
reaction. From such measurements we deduce that the counting
efficiency of the small counter is > 99%. To calibrate
the large fission chamber, the two chambers are positioned
in tandem in a collimated beam of 9.0 MeV y-rays•
From the relative counting rates and target thicknesses
in the two chambers the absolute efficiency of
the large chamber/ above the setting of its electron discrim-
inator, is found to be 0.56 ± 0.04. This number is used to
obtain absolute photo-fission cross sections near threshold
from the measurements reported previously (PR-P-128: 3.9,
AECL-7234).
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3.13 N4 External Thermal Neutron Facility

M.A. Lone and W.M. Inglis

In collaboration with W.F. Merritt and D.R. Champ
(Environmental Research Branch, CRNL) we have investigated
the sensitivity of the N4 facility for non-destructive
multi-element analysis of small environmental samples by
the prompt Y~*"ay analysis (PGA) technique.

A sample consisting of -̂J-OO yg of residue from
ground water collected on a 3 cm area filter was placed in
a neutron flux of 3 x lO'cm"2^"1, and the y-rays were
measured with a 50 cm^ Ge(Li) detector placed 5 cm from the
target. Results show that elements such as Fe with a partial
radiative neutron capture cross section of ^ 1 b for stronger
y-ray transitions can be detected at a level of about 30 yg
with 10% accuracy with 12-hour counting times.

In a continuing investigation of the Zr isotopes,
measurements of y-ray transitions from thermal neutron
capture in 92zr,94zr, and 96zr are in progress.

3.14 Thick Target Meutron Yields from Li(p,x)n Reactions at 100 MeV

M.A. Lone and W.M. Inglis, with D.C. Santry (Solid State
Science Branch), R.T. Jones, A. Okazaki and B.M. Townes
(Reactor Physics Branch).

In order to establish firm neutron yield data for
design of an intense Li(p,x)n neutron source for neutron
beam physics experiments, we have initiated a program to
measure the thick target neutron yield and thermal neutron
flux distribution inside a water moderator tank surrounding
a Li target. The apparatus has been fabricated and the ex-
periments will be carried out at the 100 MeV cyclotron at
McGill University. The moderator tank is 1.5m diameter by
1.5 m high. Thermal neutron fluxes will be mapped by
activating several Au foils placed at appropriate locations.
The overall neutron leakage from this large moderator tank
is expected to be less than 1%. Thus spatial integration
of the thermal neutron flux will provide information on the
total neutron yield.

These results will provide a test of the Code NMTC
(The Nuclear-Meson Transport Code; K.A. Coleman and T.W.
Armstrong, ORNL-4606, 1970) which, in conjunction with
the Code MORSE (A multigroup neutron and gamma-ray Monte
Carlo Transport Code, E.A. Stracker, P.N. Stevens, D.C.
Irving and V.R. Cain, ORNL-4585, 1970), is commonly used
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for characterization of high energy proton-induced
spallation neutron sources. The theoretical intra-nuclear
cascade and evaporation models in NMTC are most accurate
for heavy elements and high energies (50 MeV to 3.5 GeV).
However, the accuracy of the results for lighter elements
and lower energies has not been investigated. We plan to
extend our measurements to heavier elements in order to
test the code over a wide range of nuclei.

3.15 Reactor Beam-Hole Use

G. Dolling and H.F. Nieman

The McMaster University spectrometers were shut-
down for the period, as was the C2 fast neutron chopper.
The Guelph University spectrometer operated for 55% of the
period. Utilization at the other occupied beam holes was
as follows:

BEAM
H0U7

C-1

C-4

C-5

L-3

N-4

N-5

NO. OF
EXPERIMENTS

2

1

2

3

3

1

NO. OP
PARTICIPATING
CRNL SCIENTISTS

1

1

3

4

3

2

NO. OP
PARTICIPATING
NON-CRNL
SCIENTISTS

1

0

2

0

0

0

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

90

86

92

50

60

55

Total reactor operating was 74 days.
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3.16 Deuterium Photodisintegration - Parity Violation Experiment

E.D. Earle, with A.B. McDonald, J.J. Hill (Nuclear Physics),
L.O. Dallin and S. Kidner (Accelerator Physics)

The polarized electron ion source has been installed
on the ETA and up to 200 UA of polarized beam iniected
into the accelerator. Measurements of the circular polar-
ization of the bremsstrahlung Y-rays produced by 3.2 to 3.8
MeV longitudinally polarized electrons were as expected from
earlier measurements of the electron polarization (PR-P-128:
2.2). The sense of the Y-ray polarization was reversed by
reversing the polarization of the laser light incident on
the GaAs photoemission source. Beam current modulation at
the reversing frequency was below the detection threshold
of 1 part in 104.

Measurements were also nade of the neutron and Y~ray
flux near a 160-litre tank of DjO exposed to an ETA photon beam.
The neutron flux on the surface of the tank as determined
by Au foil activation and with a l^B ion chamber was
2 x 10^ n--ari~2.s"*̂ mK"lof beam. The Y-ray flux behind a 5 cm
Pb wall was 100 R-h~̂ -nA~̂ - The ratio of Y-ray to neutron
induced current in the ^ B chamber behind the Pb wall was
1:3.5. The transit time of neutrons out of the D2O tank was
measured to be about 1 ms (in agreement with previous
calculations) by observing the current decay in the -^B
detector after switching off the beam. The distributions
of neutron and Y-ray flux as a function of electron energy
were measured.

3.17 Measurements of the Multipolarity of the 2789 keV Transition
from the parity doublet in

E.D. Earle, with A.B. McDonald (Nuclear Physics Branch),
J.J. Simpson (Guelph University, R.G.H. Robertson (Michigan
State University) and H.B. Mak (Queen's University).

Analysis of the data collected in the previous period
(PR-P-128: 2.3, AECL-7234) shows that the mixing ratio
|6(M2/E1)|, for the 2789 keV transition from the Jw = h~,
2789 keV level in 2lNe is less than 0.6. This confirms that
the transition is predominantly El,as required if circular
polarization measurements of this transition are to be
theoretically significant. This mixing ratio may be combined
with previously measured lifetimes and branching ratios to
determine the sensitivity of the circular polarization (P )
to the parity mixing matrix element (!!„) as follows:

Pv (2789) = 8.6 +^'n x 10~2ev~'
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3.18 Ion-Chamber Sample Changer

W.F. Slater, L. Milani and J.G.V. Taylor

All drawings are complete; the mechanical drawings
have been brought up to date, the electrical drawings
finished and a block diagram added. A brief description
of tb<3 mechanical operation, shielding, control and data
transfer system and operating program was prepared in
response to a questionnaire circulated by the International
Committee for Radionuclide Metrology. The service manual
should be completed in the next quarter.

3.19 Trace Impurities in CdTe by Zeeman Effect Atomic Absorption
Spectrometry

R.J. Toone and J.G.V. Taylor, with S.P. Watkins (Simon
Fraser University).

It has been confirmed that the weak Zn signal
seen from Te samples (PR-P-128: 3.16, AECL-7234) is in
fact a Te interference; the apparent Zn concentration
increased with-Te sample size.

A duct connected to a fume hood has been instal-
led over the sample atomizing chamber of the spectrometer
in the laminar flow cabinet. This removes toxic fumes
when larger samples of Cd and Te are vapourized.

Two reports on Zeeman Effect Atomic Absorption
Spectrometry are in the final stages of editing.

3.20 Carbon Trace Impurities in Te, Cd and CdTe

H. Schmeing and L. Milani

The new carbon analysis system (PR-P-128: 3.14
AECL-7234), built for the quantitative detection of
carbon in CdTe and its feed materials Cd and Te, has
been extensively tested. It was found that a larger com-
bustion vessel and a higher reaction temperature than
initially used are needed to ensure prompt and complete com-
bustion of C and Te under controlled conditions. As a result
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o:c these tests, the reactor vessel size was increased
from 20 to 200 mL. It new contains sufficient oxygen
to react 100 mg of graphite or 1 g of Te at 1200°C
within one minute. Under these conditions, graphite
alone or mixed with Te can be recovered as CO, to
within a few percent.

Three new Te samples analysed indicate a carbon
content of between 30 and 50 ppm, significantly lower
than the 185 to 265 ppm reported by General Chemistry
Branch for similar samples, but about one order of
magnitude higher than our.first results which were
probably low due to incomplete combustion. The new
numbers are disturbingly high and imply that carbon
must be removed in any process to produce high purity
CdTe.

3.21 Supply and Servicing of Detectors

R.J. Toone, W.P. Slater, M.A. Gulick and J.G.V. Taylor

Poor resolution in a General Chemistry Branch
Ge(Li) spectrometer was traced to a faulty high-voltage
bias supply. The feeder scanner detector was recommissioned
for an experiment in Nuclear Physics Branch. A Ge(Li)
spectrometer newly purchased by Systems Materials Branch
has been checked out for resolution and efficiency.

A second 3-wire, Ti window, BF, counter for
ultra-cold-neutron detection has been rebuilt for the
McGill experiment (see PR-P-124: 3.29, AECL-6788).
Wires were replaced in two thin-window flow proportional
counters for Solid State Science Branch.
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3.22 Glassblowing Services

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

Work has begun on a vacuum gas extraction rack
to be supplied to Wolsung by Commercial Operations. The
job has been estimated, equipment and parts have been
ordered, the support rack has been assembled, and work has
started on the glass components.

nn

Twenty-one large glass headers for the Mo program
have been repaired. (These commercially acquired units had
been broken in transit.) Twelve heavy-water storage flasks
were constructed for Physical Chemistry Branch. A prototype
hydrogen-isotope exchange column, also for Physical Chemistry
Branch, was constructed and later modified. The upper
section consists of a condenser and water pre-heater which,
combined with the reaction chamber and saturator in the
lower section, gives a total column height of 1.35 m.

A number of cylindrical and flat quartz cells for
biological membrane experiments have been supplied to
Section I.

3.23 Machine Shop Services

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

Graduated circular scales and micro-switch operated
stops have been added to the small motorized goniometer
now under construction in 459 shop. Other work included
special new source capsules for the positron annihilation
experiment, and various tubes, flanges and other components
for the McGill moderator tank.

Approximately 90% of the Bldg. 116 shop times was
spent on Nuclear Physics Branch jobs. Over half of this
was work on isotope-separator ion sources and about 5%
for source containers supplied as part of a Commercial
Operations contract.

3.24 Direct Mass Measurements with the Isotope Separator

H. Schmeing et al.

See PR-P-129: 2.16; AECL-7328
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3.25 T2= % 6-delayed Proton Precursors (II): The Decays of 65Ge

and 73Kr

H. Schmeing et al.

See PR-P-129: 2.12; AECL-7328.

3.26 The Decay of 71Br

H. Schmeing et al.

See PR-P-129: 2.11; AECL-7328.

3.27 Kinematic Shifts in B-delayed Particle Decays

H. Schmeing et al.

See PR-P-129: 2.21; AECL-7328.

3.28 Isotope Separator Operation

H. Schmeing et al.

See PR-P-129: 2.20; AECL-7328.

3.29 Coupling of the He-jet and Tape Transport Systems

H. Schmeing et al.

See PR-P-129: 2.18; AECL-7328.

1 fi9

3.30 Search for a-decay of Hf

H. Schmeing et al.
See PR-P-129: 2.15; AECL-7328.

3.31 Ion Source Development for the. On-Line Separator

H. Schmeing et al.

See PR-P-129: 2.19; AECL-7328.
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3.3 2 Static Structure Factor of Liquid Helium

Svensson et al.

See PR-P-129: 4.4; AECL-7328

3.33 Multi-Transition High Energy Gamma Ray Calibration Source

M.A. Lone et al.

See PR-CMa-56: 1.6.1; AECL-7332

3.34 Publications and Lectures

Publications

LATTICE DYNAMICS OF AMMONIA
B.M. Powell, G. Dolling, G.S. Pawley and J.w. Leech
Can. J. Phys. 5_8 (1980) 1703, AECL-7114.

SPIN AND PHONON EXCITATIONS IN ACTINIDE SYSTEMS
W.J.L. Buyers, A.F. Murray, T.M. Holden, E.C. Svensson,
P. de V. Duplessrs, G.H. Lander and 0. Vogt
Physica 102B (1980) 291, AECL-7104.

THE LATTICE MODES OF CS, AND NEUTRON SCATTERING SELECTION
RULES
G.S. Pawley, G. Dolling, B.M. Powell and B.H. Torrie
Can. J. Phys. 59, (1981) 122, AECL-7125.

PAIR CORRELATIONS AND THE CONDENSATE FRACTION IN
SUPERFLUID 4He
V.F. Sears and E.C. Svensson
Int. J. Quant. Chem., Quantum Chemistry Symposium no. 14
(1980) 715, AECL-7030.

NEUTRON DIFFRACTION STUDY OF THE STRUCTURAL CHANGES IN THE
ANTIFLUORITE CRYSTALS RbjPtlg, (NH^jPtBrg, AND ( N H ^

M. Sutton, R.L. Armstrong, B.M. Powell and W.J.L. Buyers
Can. J. Phys. 59, (1981) 449, AECL-7186.

Lectures

NEUTRON SCATTERING FROM ACTINIDE COMPOUNDS
W.J.L. Buyers
University of California, San Diego, CA
January 13, 1981.
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THE POSSIBILITY OF MEASURING NUCLEAR EXCHANGE EFFECTS BY
COMPTON SCATTERING
J.W. Knowles
Nuclear Physics with Electromagnetic Probes, Workshop
Sponsored by the University of Montreal, Montreal, Quebec.
January 16-17, 1981.

INTERMEDIATE VALENCY IN ACTINIDE SYSTEMS
W.J.L. Buyers
Los Alamos Scientific Laboratory, Los Alamos, N.M.
February 2, 1981.

SUPERFLUID HELIUM - A MOST FASCINATING MATERIAL
E.C. Svensson
University of Toronto, Toronto, Ontario
February 4, 1981.

NEUTRON SCATTERING FROM ISOLATED CLUSTERS OF MAGNETIC IONS
E.C. Svensson
University of Toronto, Toronto, Ontario
February 5, 1981.

A MULTI-EXPERIMENT PDP11-CAMAC NETWORK SYSTEM
M.M. Potter, G.H. Keech, W.J.L. Buyers
14th Canadian DECUS Symposium, Montreal, Quebec.
February 19, 1981.

SUPERFLUID HELIUM - A MOST FASCINATING MATERIAL
E.C. Svensson
University of Sherbrooke, Sherbrooke, Quebec.
February 25, 1981.

THE CONDENSATE FRACTION IN SUPERFLUID HELIUM
E.C. Svensson
University of Sherbrooke, Sherbrooke, Quebec.
February 26, 1981.

THE DECAY OF A NEW NUCLIDE, 71Br: A BY-PRODUCT OF THE
PROGRAM TO DETERMINE THE PRODUCTION RATES OF MEDIUM MASS
NEUTRON DEFICIENT NUCLIDES FROM THE CHALK RIVER ON-LINE
ISOTOPE SEPARATOR
E. Hagberg, J.C. Hardy, H. Schmeing, J. Wills and W. Perry,
H.C. Evans, V.T. Koslowsky and E.T.H. Clifford
Eastern Regional Nuclear Physics Conference, Mont Gabriel,
Quebec.
March 6-9, 1981.
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SPIN CORRELATIONS IN Mn^Zn, Te ALLOYS
x x—x

G. Dolling, J-K. Furdyna, T.M. Holden and V.F. Sears
American Physical Society Meeting, Phoenix, Arizona
March 19, 1981.

NEUTRON DIFFRACTION STUDIES OF ORIENTATIONALLY DISORDERED
CRYSTALS
G. Dolling
American Crystallographic Society Meeting, College Station,
Texas.
March 24, 1981.
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THEORETICAL PHYSICS BRANCH

G.E. Lee-Whiting

4.1 Staff

4.2 Neutronic Evaluation of Fusion-Fission Hybrid-Reactor
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4.2 Neutronic Evaluation of Pusion-Fission Hybrid-Reactor Blankets
with Li70 as the Tritium-Breeding Material

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

The neutronic evaluation of the 233O and 239Pu
breeding potential of hybrid reactors has been extended to the
consideration of hybrid blankets in which the first wall and
the graphite zone are gas-cooled and the tritium-breeding
material of the "lithium" zone is gas-cooled, solid LiO2. It
is found that in blanket arrangements in which the fissile-
fuel-breeding zone immediately follows the first wall, the fis-
sile-fuel breeding ratios obtained are very close to the ratios
that had ceen derived for blankets in which the first-wall and
graphite-zone coolants as well as the tritium—breeding material
were Li-metal [PR-P-121:4.2 (AECL-6530), PR-P-124:4.3 (AECL-
6788)]. These are the blanket arrangements that give the opti-
mum breeding ratios for metallic fuels. In arrangements in
which the tritium-breeding zone precedes the fertile-fuel zone,
the fissile-fuel-breeding ratios that are obtained are gener-
ally reduced compared with the corresponding Li-metal-blanket
values. In some configurations the reduction may be as much as
50%.

4.3 Index of Refraction for Neutrons

V.F. Sears

The correction factor c, which characterizes the
local field effects in the neutron refractive index (see PR-P-
128:4.3 (AECL-7234)), is given to first order by c = l+b/rc
where b is the bound coherent scattering length and rc is a
characteristic length which is given by

re"1 = 4irp /o"{l-g(r)}r dr,

in wh.ch p is the number density and g(r) the pair correlation
function. Thus, for a dilute hard-sphere gas, rc = £/V2
where i is the mean free path. Numerical calculations have
been performed for 15 monatomic liquids (He, Ne, Ar, Li, Na,
K, Rb, Cs, Zn, AS., Ga, Tit, Sn, Pb, and Bi) and it is found that
rcpl/3 varies from 0.3 to 0.4. This supports an earlier
estimate of Ekstein (Phys. Rev. 8£(1953)490) who argued that
rcpl/3 ~ 1/3 for liquids.

We have also identified an additional effect which
is ~f .he same order of magnitude as the local field correction
discussed above and which arises from the fact that the bound
scattering amplitude has an expansion of the form

f = -b + ikb2 + 0(k2)
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where k is the neutron wave vector in vacuo. For thermal neu-
trons kb * 10"1* which is of the same order as c-1. Thus, for
example, in order to satisfy the "optical theorem", which
determines the imaginary part of the index of refraction, it is
necessary to take into account both the local field correction
and the correction to f.

4.4 Static Structure Factor of Liquid ''He

V.F. Sears with E.C. Svensson (NSSP Branch)

We have begun to analyse the recent neutron diffrac-
tion data of E.C. Svensson and A.F. Murray (PR-P-127:3.8 (AECL-
7102)) for liquid **He at six temperatures on the vapor curve in
order to determine the temperature variation of the static
structure factor and the corresponding pair correlation func-
tion of liquid He. This is an extension of our earlier study
(Svensson et al., Phys. Rev. B21(1980)3638).

4.5 Possible Color-Exclusion Principle

M. Harvey

In a phenomenological treatment of quark interac-
tions in a two-body potential model it is possible to have a
short-range component that has both color-independent and
color-dependent parts. The component acting in color anti-sym-
metric states is restricted by the observed baryon spectrum.
There appears to be no obvious physical data, however, that
restrict the structure of the short-range component in color-
symmetric states. It has been discovered that the assumption
that this latter term is infinite is equivalent to a new type
of exclusion principle - excluding pairs of quarks in color-
symmetric states. An immediate consequence of such a principle
is that constituent quarks in two baryons are not allowed to
overlap,i.e. there is an effective repulsion between nucleons.
It will be of interest in subsequent studies (see following
item) to discover whether the extreme assumption of a color-
exclusion principle is necessary to explain the origin of the
observed repulsion between nucleons at short distances.

4.6 Nucleon-Nucleon Scattering in a Quark Model

M. Harvey (in collaboration with J. LeTourneau, V. of Montreal)

Work is in progress for calculating the nucleon-
nucleon (NN) scattering phase shifts from the quark model with
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the generator-coordinate method. The calculation takes into
account mixing among the NN, NA, AA and CC (Hidden Color) chan-
nels which have been shown to be important from earlier studies
(M. Harvey, Nucl. Phys. A_352(1981) 301,326). The aim of the
calculation is to determine how important the new hidden-color
matter is in NN-scattering, and whether the observed phase-
shifts place a limitation on the properties of the quark
Hamiltonian.

J. LeTourneau is generalising his generator-coordin-
ate computer code to handle channel coupling. (The code is
very general and is applicable to any scattering of clusters of
fermions e.g. nucleus-nucleus scattering). M. Harvey is calcu-
lating the Hamiltonian- and normalization-kernals needed by the
code to do the NN-scattering treating the nucleons as clusters
of quarks.

4.7 Meson-Exchange Currents in First-Forbidden Weak Decays

I.S. Towner and F.C. Khanna

The muon-capture and e-decay rates in the transi-
tions 16O(0+,ground) «•• 16N(0~,120 keV) have been calculated to
second order in perturbation theory, using a one-boson-exchange
residual interaction (see PR-P-128:4.8 (AECL-7234)). The
exchanged bosons considered are the *, p and u, whose coupling
constants and masses are determined from other experimental
data, and a fictitious scalar meson o whose purpose is to simu-
late the effects of 2* exchange. The mass of the a-meson was
fixed at 500 K«V, a typical value for these potentials, while
the coupling constant g0 was adjusted so that the binding
energy of the ground state of 0 was correctly reproduced in a
Hartree-Fock calculation. This binding energy is very sensi-
tive to ga; indeed, without the fictitious meson the
one-boson-exchange interaction fails to bind 16O at all. We
investigated variations in other parameters of the interaction
imposing the condition that g a be refitted to retain the cor-
rect 16O ground state binding energy. This additional con-
straint stabilized the calculation of muon-capture and B-decay
rates. The new results reinforce our earlier conclusion that
reasonable agreement with experiment for these rates can only
be achieved if meson-exchange corrections are incorporated in
the transition operator.
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4.8 Quenching of Magnetic Moments in Nuclei; A-Dependence

F.C. Khanna and I.S. Towner

Corrections to single-particle magnetic moments in
nuclei arise from three distinct sources: (a) core polarisa-
tion, (b) meson-exchange currents, and (c) isobar particle-
nucleon hole (A-h) states. The role of A-h states in the
renormalization of magnetic moments or in the quenching of
gs, the spin g-factor, is being analysed as a function of A.
The contribution of core-polarization and meson-exchange cur-
rents will be included in a calculation of the quenching of
magnetic moments for particles in both valence and deep-lying
orbitals.

4.9 Lecture Notes on Electromagnetic and Weak Interactions in the
Nucleus

H.C. Lee and W.K. Cheng (U. of Delaware)

A considerable amount of time was spent in the pre-
paration and revision of these lectures, which were used in the
Beijing Winter School, in Nuclear Physics (1980/12/21 to
1981/01/09) and are to be published in the Lecture Notes series
by Springer-Verlag. Topics discussed include the fundamentals
of the electromagnetic and weak interactions in the nucleus,
the unification of these two interactions, and meson-exchange
currents.

4.10 Decays of Mesons

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

This collaboration (PR-P-127:4.11 (AECL-7102)) is
continuing. We have shown that phenomenologically the gluon-
emission process D + gqq in D-meson decays is important. We
are extending this model to examine the decay of B (or bottom)
mesons as well as investigating the more important question of
understanding the gluon-emission process in terms of the struc-
ture of the mesons.
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4.11 Production of Weak Bosons in ep Collision

H.C. Lee with A. Kamal (U. of Alberta) and J. Ng (Triumf)

This is a continuation of PR-P-127:4.13 (AECL-
7102). The inclusive reaction ep • eW±X may be described in
the parton model, where the W-production process is broken
down into three subprocesses: (i) photon-production by quan-
tum electrodynamics, ep + e'py, (ii) inclusive quark-produc-
tion by quantum chromodynamics, py + qyX, and (iii) W-produc-
tion by the electroweak interaction, qy •»• q'W*. The produc-
tion cross section has a mild model-dependence on the quark
distribution function needed in step (ii) and is a
monotonically increasing function of S » 4EeEp, the
invariant mass-squared of the colliding ep system. In the
interesting region 2 x lO* < S < 5 x 101* GeV , we find that
the cross section rises from O(10~37 cm2) to O(10~36 cm ).

4.12 Structure of the Photon

H.C. Lee with Li Bing-An (Inst. of High Energy Physics,
Beijing and SLAC)

The structure of the photon can be studied in deep
inelastic ey collisions jusc as the structure of the proton is
studied in -aep inelastic ep collisions. In the parton model,
the process ey + e'X is described in the two subprocesses
ey •*• e'yy*(Z*) and yy*(Z*) + qX, where y* is a virtual photon
and Z* is a virtual Z-boson in the Weinberg-Salam theory. We
have begun to calculate the cross section for ey • e'X and are
especially interested in the y*-Z* interference term, which
can be measured if either the incident electron is longitudin-
ally polarized or the incident photon is circularly polarized.

4.13 Reports, Publications and Lectures

Reports

A CALCULATION OF THE DEUTERON STATIC MOMENTS IN A ONE-BOSON-
EXCHANGE MODEL
M.G. Vassanji, F.C. Khanna and I.S. Towner
AECL-MISC-201, 1981 February, unpublished report.
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Publications

PAIR CORRELATIONS AND THE CONDENSATK FRACTION IN SUPERFLUID "He
V.F. Sears and E.C. Svensson
Int. J. Quant. Chem. 14(1980)715

MESON-EXCHANGE CURRENTS IN THERMAL n-3He RADIATIVE CAPTURE
I.S. Towner and F.C. Khanna
Nucl. Phys. A356(1981)445.

GLUON EFFECTS IN CHARMED MESON DECAYS
Q. Ho-Kim and H.C. Lee
Phys. Lett. 100B(1981)

ON THE FRACTIONAL-PARENTAGE EXPANSIONS OF COLOR-SINGLET
SIX-QUARK STATES IN A CLUSTER MODEL
M. Harvey
Nucl. Phys. A352(1981)301.

EFFECTIVE NUCLEAR FORCES IN THE QUARK MODEL WITH DELTA AND
HIDDEN COLOR CHANNEL COUPLING
M. Harvey
Nucl. Phys. A352(1981)326.

Lectures

QFD AND QCD IN NON-LEPTONIC WEAK DECAYS
H.C. Lee
given at Triumf, December 4, 1980.

ELECTROMAGNETIC AND WEAK INTERACTIONS IN THE NUCLEUS
H.C. Lee
Five lectures given at Beijing Winter School in Nuclear
Physics, December 21, 1980 to January 9, 1981.

NEUTRINO MASS AND NEUTRINO OSCILLATION
H.C. Lee
Inst. of Theoretical Physics, Beijing, January 8, 1981.

PARITY VIOLATION IN THE NUCLEUS
H.C. Lee
Lanzhou University, Lanzhou, China, January 11, 1981.

AXIAL CHARGE IN NUCLEI
F.C. Khanna
given at Univ. of Montreal, March 5, 1981.
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Branch Head: D. McPherson
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Head:
D. McPherson
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Head:
B.B. Ostrom

Operations Supervisor:
P. McGandy

Operator Supervisor:
A.A. Laroche

Computer Operators:
S. Bergin
K.J. Brown
C M . Hepburn
Y. Labine
C.J. Lee
K.A. Livingston
S. Parr
M.A. MacDonald
J. Mackie
S.A. Moeller
M.T.
N.E.

Walker
Zinck

(1)

(2)

(3)

Section III: Mathematical
Services and Applications

Head:
J.M. Blair

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

Programmer/Analysts:
L.E. Evans (4)
C.A. Wills
P.Y. Wong

Programmers:
M.T. Boulanger
D. Cheung
K.D. Clark
G.L. Klawitter
E.G. Long
D.G. Stewart

Section IV: Special Systems

Head:
G.N. Williams

Programmer/Analysts:
L.D. Hansen
M. Shaarani
R. Koiha
J.H. Puttick (5)

Secretarial Staff

K.F.
G.J.

Barnard
Bateman

(6)
(7)
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(1) Transferred to Purchasing Branch effective
1981 March 23.

(2) Terminated 1981 March 18.

(3) Temporary replacement for S. Moeller.

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

(5) Waterloo University Co-op student, joined branch
1981 January 5.

(6) Terminated 1981 March 31.

(7) Temporary from Nuclear Physics Branch.
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5.2 CDC 6600/CYBER 170 System

5.2.1 Operating System

5.2.1.1 Disc Reconfiguration

B.B. Ostrom, C.J. Tanner and D. McPherson

The upgrade of the disc storage system shared by
the 6600 and CYBER 170 was completed, tripling the on-line
storage available to the two computers.

In the near future, a separate disc will be used
solely for input and output queue files in order to reduce
competition between queue file activities and the disc
activity associated with executing jobs. To prepare for
this separation, an enhancement has been implemented such
that a file to be sent to an output device will be copied
automatically to a queue disc even if it was not designated
as a queue file at the time of creation. This ensures that
currently used job sequences will not be affected by the
disc re-configuration.

5.2.2 Programming Languages and Utilities

5.2.2.1 FORTRAN

D.G. Stewart and W.J. Irving (Control Data Canada
Limited)

A preliminary version of the new release, FORTRAN
Version 5, has been implemented and is being tested. At the
same time, the currently used compiler, FORTRAN Version 4.8,
has been re-installed with the modifications necessary to
ensure that other system modules, such as the subroutine
libraries, will be useable by both FORTRAN 4 and FORTRAN 5
programs.

5.2.2.2 COBOL Version 5

C.J. Tanner

COBOL Version 5 was installed in the operating
systam in January and has been used successfully during the
quarter. A new release of COBOL Version 5 is expected
shortly and this will be installed if it appears to be an
improvement over the current release.

5.2.2.3 SPITBOI. Compiler

G.H. Keech

Code modifications for improved error processing
have been prepared and will be included in the next version
of SPITBOL.
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5.2.2.4 Statistical Package for the
Social Sciences (SPSS)

C.A. Wills and M.T. Boulanger

A series of corrections to SPSS provided by
Northwestern University have been installed. These fix a
number of known problems in SPSS, although none had yet
affected work done at CRNL.

A user library is being created illustrating
sample SPSS jobs. Each SPSS sample job is implemented using
a CYBER Control Language Procedure. Sample jobs are
available for the following procedures: CROSSTABS,
FREQUENCIES, GET FILE, SAVE FILE, and SCATTERGRAM. Examples
of other procedures will be added soon.

5.2.2.5 IPL Emulator

J. Puttick

An emulator for the Interactive Procedure Language
(IPL) processor has been written in FORTRAN. Its main use will
be on the CYBER 720 front-end computers to be installed at
Chalk River and the Engineering Company in Toronto. A file
processed by the emulator will producf.- the same prompts, and
will handle keyboard input in exactly the same way as is done
on the present CDC 3300 front-end, and will thus support a
smooth transition from the old to the new front-end system.

5.2.2.6 A Text-formatting Program

M.T. Boulanger and G.N. Williams

A program, DOCUMENT, which was received as part of
the PLOT 79 package, has been installed. This program
provides simple-to-use text formatting facilities for documents
recorded as line images of up to 133 characters.

5.2.2.7 KWOC Index Program

G.H. Keech

At the suggestion of an Engineering Company user,
three new features have been added to the keystring-out-of-
context (KWOC) index program.

The document describing KWOC has been updated, and
the program installed as a public permanent file.
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5.2.3 Subroutine Libraries

5.2.3.1 IMSL

G.L. Klawitter

On 1981 January 28 IMSL Version 8 was installed as
the default IMSL library.

In the process of preparing to install IMSL
Version 8 procedures were established for the installation
of new editions of the library and the maintenance of
existing editions of the library. The procedures allow
quick and easy handling of updates to the IMSL library and
provide an accurate means of documenting the installation of
updates to the IMSL library for future reference.

5.2.3.2 Biomedical Computer Programs P-Series (BMDP)

C.A. Wills

The problem referred to in PR-P-128, 5.2.3.3, has
been identified as a programming error in BMDP involving the
use of an ENDFILE as the first operation on a file. CDC's
FORTRAN reference manual warns against this since the effect
of the operation depends on the record and block format of
the file - and also depends on the version of FORTRAN being
used. By forcing a particular file format by means of an
external FILE control statement we executed all of the BMDP
test programs successfully. The BMDP group at Northwestern
University has been informed of our identification of the
problem.

Otherwise, the BMDP programs have been installed
and tested without difficulty. They are ready for use
although users will have to be warned that any files saved
now may not be compatible with BMDP when Northwestern
products a solution to its problem.

5.2.3.3 MINPACK-1: A Software Package for the Numerical
Solution of Systems of Nonlinear Equations

P.Y. Wong

A MINPACK-1 package for the numerical solutions of
systems of nonlinear equations has been obtained from Argonne
National Laboratory (ANL-80-74, Argonne National Laboratory,
1980 August). The package is the first result of ANL's
MINPACK Project whose goal is the development of systematized
collection of quality optimization software. There are two
versions in MINPACK-1, one for single precision arithmetic
and one for double, each with a total of 23 subroutines. The
package offers four routines for solving a system of n
nonlinear equations with n unknowns, and six routines for
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solving (in the least squares sense) a system of m nonlinear
equations with n unknowns, n < m. Testings of the routines
have been completed and all performed well when checked
against some published problems in the literature (see, for
example, reference in TM-324, Testing Unconstrained Optimiz-
ation Software by J.J. More, B.S. Garbow and K.E. Hillstrom,
Argonne National Laboratory, 1978 July). The routines in
each category use essentially the same algorithm; the
differences are in the treatment of the Jacobian (whether or
not a user needs to provide the Jacobian) and the degree of
difficulty in the use of the routines (i.e., difficult or
easy-to-use version). Two routines in each category have
been adopted for the AELIB library (AECL-6076) and write-ups
of these routines have been prepared.

5.2.4 Graphics

5.2.4.1 MINIGRAPH Graphing Package

G.N. Williams

A simple, easy-to-use graphing package was obtained
from the University of Aarhus in Denmark. It is particularly
appropriate for installation on small computer systems used
to gather and analyze experimental data.

The Computing Centre plans to support this package
and distribute it to anyone who is interested in using it.
Documentation for MINIGRAPH is almost complete.

CDC 3300 System

E.A. Okazaki and J.F. Steljes

Changes were made to the 3300 operating system to
allow the use of buffer space in upper memory instead of in
lower memory by all 3300 utility jobs, all routines which
transfer files between 3300 and 170/6600 mass storage, and
the routines which drive local printers and plotters. A
similar change is planned for the cardreaders. Changing
their buffers to upper memory has removed these routines
from competition with the keyboard terminals for lower
memory buffer space, which is often completely used, causing
long waits during busy periods. Also, file transfers between
3300 and 170/6600 are not delayed due to lack of buffer
space.
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5.4 PDP-10 System

5.4.1 Plotting Routines

M. Shaarani and R. Roiha

The problem outstanding from last quarter has been
solved: PLTDEV now can direct graphics generated using the
MEXICO-plot routines to any plotting device. Some other
routines had to be modified to accomplish this task and
updated versions of the modified routines were put in the
user libraries.

A new routine was written to allow plotting on the
HP plotter from the MASTER data analysis system. The routine
is presently being tested and will be implemented on the
system shortly.

5.4.2 TAPE I/O Routines

R. Roiha and M. Shaarani

Two I/O routines were re-instated on the system:
"CHANGE", a routine that handles various tape formats,and
"QUNRS", which decodes spectral data from Dec-tapes produced
at Queen's University.

5.4.3 Data Analysis

R. Roiha and M. Shaarani

Many problems were found in the MASTER data
analysis system and most have been solved. These problems
are related to directory manipulation and data modification.

NL2S0L, a program that analyzes y-ray spectra, was
transferred to the PDP-10 from the Computing Centre and was
later modified to compile there. This is the first step in
the process of providing an interactive procedure for the
analysis of y-ray spectra on the PDP-10.

5.4.4 Operations

R. Roiha

System and accounting files are being kept up-
to-date. Plans for the moving and final configuration of
the PDP-10 are still under study.

5.5 MK-16 System

M. Shaarani

The basic hardware for the MiKros-16 was received.
The system will be sent for an update in June, at which time
it is to have its full memory of 128 K words.
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An interactive diagnostics procedure was written
to allow the testing of locally developed hardware. New
tests will be added to this procedure once the up-to-date
documentation is received.

5.6 Neutron Spectrometer Control Systen.

G.H. Keech

The FORTRAN routines used in the control, editor
and test-data programs have been re-worked to improve
efficiency. Internal documentation has been added to the
routines.

Some file protection code has been added to routines
that create new files.

Program changes have been made to correct problems
encountered on writing output files back to the 11/34 disc
from the 11/03 control system.

5.7 SCC-Tandem Computer-Aided Control System

5.7.1 Dipole Support Software

L.D. Hansen

Assembly-coded routines FTOL, LTOF and WRLONG were
written, documented and tested. These routines support
conversion between 32-bit integer and single- or double-
precision floating point and support 18-bit System Variable
interfacing to the high precision dipoles used for the
Super-Conducting Cyclotron project beam transport system.

5.7.2 Data Transfer Between PDP-10 and PDP-11

L.D. Hansen

A mechanism was established and deployed for
transferring data via 9-track magnetic tape between the PDP-
10 and PDP-11. The data is used by a MUMTI program written
by Yoshia Imahori at the NRX Branch to aid the setting of
the MP-Tandem operating parameters.

5.7.3 Computer-Aided Control System
For the Superconducting Cyclotron

L.D. Hansen, et al.

See PR-P-129; 2.29; AECL-7328.

5.7.4 CAMAC Module Requirements for
SCC Control System in Phase 1

L.D. Hansen, et al.

See PR-P-129; 2.30; AECL-7328.



- 77 -

5.7.5 CAMAC Construction for the SCC Control System

L.D. Hansen, et al.

See PR-P-129; 2.31; AECL-7 328.

5.7.6 Multiplexers for the SCC Control System

L.D. Hansen, et al.

See PR-P-129; 2.32; AECL-7328.

5.8 Tritium Recovery Plant Hazards

W.N. Selander

Some approximate estimates have been made for the
initial rate of rise and final height reached by the hot
cloud resulting from unconfined combustion of the entire
hydrogen inventory (~13 kg D_) of the proposed tritium
recovery plant. For rapid modes of combustion, the cloud
accelerates to an equilibrium speed of about 9 m/s within
one second or less. For slower modes of combustion, the
initial acceleration takes longer but the final upward speed
is about the r.'ame. Due to the low cloud density, the
initial entrainment is small. The standard prediction of
the final cloud height is, therefore, expected to be an
underestimate, since it is based on an entrainment assump-
tion which is valid for small density differences. The final
height is predicted to be 130 m or more, depending on the
lapse rate. Because of this height, the radiological
exposure to tritium at ground level is insignificant.

5.9 Wear Penetration of a Plate by a Pointed Object

W.N. Selander

A calculation was done to determine whether a
pointed object would penetrate a plate of the same material
before reaching the end of its travel, where the material
wears by fretting between the two objects held under pressure.
It was assumed that the rate of removal of material was the
same for both objects and that the surface of contact was of
minimum area. These assumptions led to a simple variational
problem. Calculations for a cone- or wedge-shaped point
showed that the ratio of maximum penetration into the plate
to maximum depth of removal of material from the point
veiied between 0.30 and 0.38, depending on angle and geometry.
This is interpreted to mean that the depth of penetration is
not sensitive to geometric details, and that complete
penetration will not occur provided the plate thickness is
greater than about one-third of the permissible travel of
the pointed object. Subsequently, a limited number of wear
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tests with a truncated cylinder held at an angle were
performed and showed good agreement with the above estimate.
This work was done for P.L. Ko of Engineering Research
Branch in connection with a problem that occurred during
shipping of a damaged light-water zone control absorber.

5.10 Forecasting Heavy Water Sales

C.A. Wills and J. McCardle (Chemical Company)

Programs have been written to create and update an
indexed sequential file containing a record for each potential
reactor sale and for yearly sales of heavy water in the non-
nuclear market. Another program reads this file and performs
100 simulations of the sales starting and ending at dates
specified by the user. The output consists of the dependable,
probable, and optimistic amount of heavy water sold in each
quarter, and a running total in either printed tables,
plots, or both. Once a draft copy of the user's manual has
been prepared the program will be tested by the Chemical
Company.

5.11 Heat Transfer and Thermal Hydraulics Programs

5.11.1 COBRA-IV

5.11.1.1 Version FIX16

P.Y. Wong

The FIX16 update data provided by Battelle Pacific
Northwest Laboratories has been implemented. The new version
passed all test cases satisfactorily and has been released
to users. FIX16 contains corrections to tighten up the
internal convergence criterion.

5.11.1.2 Convergence Difficulties Under Transient
Low-Flow Conditions

P.Y. Wong

J.D. Allan of Canadian General Electric reported
that in his transient calculations he has encountered
convergence difficulties when the mass flow rates are low.
This problem has been investigated and successfully solved.
It was found that under some transient low-flow conditions,
the flow acceleration parameter used in COBRA-IV to speed
up the flow convergence of the calculation is no longer
adequate if it is set at 1-0. The calculation converges if
this parameter is set to a smaller value (e.g. 0.75 or 0.5)
although the convergence is much slower compared to the
case when the flow rate is high.
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5.11.2 TRUMP Revision

D.G. Stewart and P.Y. Wong

Further testing of the revised version (PR-P-128,
5.10.1, AECL-7234) was done. This revealed additional
errors in the code which were corrected. A set of problems
has been rerun with the new version and the results all
agreed with those obtained under the old version. We are
now satisfied that the revised version is working properly.

5.11.3 RELAP4

D.G. Stewart

RELAP4 is a FORTRAN program for transient thermal-
hydraulic analysis of nuclear reactors and related systems.
This program has been modified to run in our present operating
system using the static load option of FORTRAN 4. Further
work is being done to take advantage of the dynamic alloca-
tion of core during execution.

5.12 Stress Analysis Programs

5.12.1 MARC - General

S.B. Baset

Version Jl of MARC was released in February for
general testing and use. This version incorporates several
major enhancements in the areas of large displacement and
viscoplastic behaviour. In addition, several other improve-
ments to existing capabilities have been included. There
have been no reported problems. This version is expected to
become the default running version in 1981 April.

5.12.2 TPIPE - General

S.B. Baset

A new procedure called TPIPEPR was released in
February for general use and testing. The TPIPEPR offers
several execution options to TPIPE users and is intended to
replace Peng Khor's procedure file at Engineering Company.
The TPIPEPR utilizes the standard system language CCL, while
the Peng Khor procedure uses saverai. FORTRAN interface
routines which are found to be both expensive and hard to
maintain.

5.12.3 STARDYNE - General

S.B. Baset and D. Cheung

A tape including a test version of STARDYNE was
received from System Development Corporation (SDC) in
February. The intent was to test some PP routines supplied
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by SDC to run on the CRNL computer. This test was success-
ful and another tape with the full STARDYNE program and
documentation materials are expected to arrive at CRNL in
April.

5.12.A Other Programs (ABAQUS)

S.B. Baset

ABAQUS is a new nonlinear general purpose Finite
Element program developed by Karlsson and Hibbit Corporation
of Rhode Island, USA. A course was held in Toronto on 1981
January 19-21 to demonstrate its capabilities. The program
was found to be user-oriented but it lacks several capabil-
ities existing in MARC and used often by AECL users.
Furthermore, a test case involving large strains was run and
compared with a similar run using MARC. It was found that
MARC results agree to within 2% with available experimental
results while ABAQUS results differ by about 37%.

5.13 Powder Flow Properties

M.T. Boulanger, C.A. Wills, W.A. Crago (Mechanical Equipment
Development Branch)

A program has been written to calculate the values
of a number of powder flow properties. This is done using
non-linear least squares to fit the equation:

(•# T.
Ciwhere K = —

T. . is the shear stress value of the j point of

the i t h yield locus

o. . is the normal stress value of the j point of

the i yield locus

T. is the tension of the i t h yield locus

C. is the cohesion of the i yield locus
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The program works in two modes with the input for both being
a number of sets of pairs of points (ô -s/ Ti-j) *• = l»2,...n,

j = l,2,...,m. where n is the number of yield loci and m.
. t, i

the number of experiments of the i yield locus. The

output from one mode is K, N, and T., i = l,2,...n, and that

from the more complex calculation is N, C., T., i = l,2,.,.n.
The program uses dummy variables in order to combine the
individual equations, for each yield locus into one equation
to be solved. This changes (1) to

n
N a.. + I T. t , .=1 2 (2)

n I ~ n j=l,2, .. .i
z c.t. / r T.. t,.

kk=l x K

0 k?«i
1 k=i

Starting values for the parameters are estimated by:

N=1.0
K=1.0
C.=T. = the intercept of a straight line fitted to

the data (o^r T^.) j=l,2,...,mi

5.14 Information Handling Programs

5.14.1 Oil/Electric Hybrid Heating Experiment
Data Storage and Processing

K.D. Clark and J.M. Blair

As a continuation of the work described in
PR-P-128; 5.11.2, AECL-7234, the implementation of proced-
ures to store and report four types of data was completed.
These are CYBER Control Language procedures employing QUERY
UPDATE for data manipulation. There are four procedures for
the insertion of data and four procedures for reporting
data. Data reporting procedures use FORTRAN routines to
enable undefined data values to be identified. A FORTRAN
program to generate weekly tables of environmental data was
completed. A second program to generate weekly energy
consumption data tables for each type of experiment is
nearing completion. Both programs write summary data files
to be read by six graph plotting routines which remain to be
programmed.
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5.14.2 Central Personnel Records System

C.J. Tanner

The only activity for this system has been to
correct problems encountered by the users and to start
converting the COBOL programs to use COBOL Version 5.

The system is managed by the CPRS Coordinating
Committee. At a meeting in March, the Committee requested a
study be undertaken to determine the future requirements for
computerized personnel records in AECL. This study would
include a detailed assessment of the current method of
storing personnel information, a sunur.ary of personnel
information required by management and plans to meet the
needs as defined by the study.

5.14.3 MANUALS

E.G. Long

Modifications have been made to the MANUALS program
(see PR-P-127, 5.14.1, AECL-7102) to facilitate the refer-
encing of manuals and persons to whom manuals have been
issued.

5.14.4 NRU Service System Valve List

E.G. Long

A syntax error which caused fii^iis of records to
be incorrectly updated under certain conditions was
corrected.

5.14.5 Personnel Radiation Recording System

E.G. Long

The PRRS reporting program has been modified to
give more flexibility in specifying the sites that are to
appear in reports.

5.14.6 Program ON-STAFF

K. *. Boulanrver and C.J. Tanner

A COBOL program ON-STAFF, written for D.K. Myers,
Radiation Biology Branch, reads the employee master file
and termination file and calculates, according to age and
sex, how many employees were working at CRNL as of April 1
of each year f.com 1973 to 1980.
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5.15 Data Reduction Programs

5.15.1 C;ita Processing System for Analysis of
Fuel Defect Experiments

O.A. Wills and R.D. Delaney (Reactor Loops Branch)

The SUMRT program has been modified to handle the
change to and from Daylight Saving Time,. The printed reports
show the correct time for the counting of each speri.rum.
The plots start out correctly but will be shifter', by one
hour after the time switch, since all days are assumed to be
24 hours long.

Tests on the version of GRAAS using a linear back-
ground with a step to model peaks (see PR-P-128, 5.13.1
AECL-7234) indicate that this model is not adequate for
all peaks. These peaks cannot be approximated by a Gaussian
because there is a buildup of counts on the low energy side
of the mean. A model with an added exponential tail on the
low energy side of the peak will be tested.

A new version of GRAAS is ready for testing. New-
features available are: a parameter to indicate the spectrum
number of the last spectrum to be processed; the use of trap
position 89 for calibration spectra for the miscellaneous
experiment; an array to be used to specify up to f'.va trap
positions to be processed; a flag to indicate whether the
spectra are to be analyzed in the order of the input file or
in order by trap position; and a check for the use of the
large or small detector in spectra from the miscellaneous
experiment. A further change in the program saves up to
five calibration spectra of each type, starting with the
last ones recorded before the first spectrum to be processed.
(Previously the first five calibration spectra of each type
encountered on the input file were saved.) The program does
not immediately abort now when plot titles are missing. It
produces plots with blank titles and aborts after finishing
the analysis in which the error was detected. The user's
manuals have been rewritten to reflect these changes and
additions.

5.15.2 Approximating a Table for the Calculation of
Heat Transfer Correlations

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

Over 13,000 experimental values of critical heat
flux have been obtained at different values of pressure,
flow and quality. A table is to be approximated from this
data of critical heat flux at 15 specific pressures, 14
specific flows, and 19 specific values of quality. Prelim-
inary work indicates that each table point will have to be
estimated separately from the experimental values nearby.
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S .16 Miscellaneous Programs

5.16.1 Modification of UKAEA TIRI0N4 Code

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

The FORTRAN 5 compilation of TIRION4 as proposed
in ER-P-128, 5.8, AECL-7234, has been successfully accomp-
lished and replacements for GHOST graphical system sub-
routines required by TIRION4 have been provided. Debugging
TIRI0N4 using a benchmark supplied with the code is currently
in progress.

5.16.2 SPITBOL Version of LIRA

G.H. Keech

The SN0B0L4 program LIRA, written for B. Winterbon
to do large (i.e., greater than 60-bit) integer and rational
fraction arithmetic, has been upgraded to run under SPITBOL.

5.16.3 Program TAPGR

M.T. Boul£ng.-'Z and G.N. Williams

As requested by H. Patel, Quality Control Branch,
an IPL procedure was written for copying graphic files to or
from a muln.i-flie magnetic tape.

5.17 Neutronic Evaluation of Fusion-Fission Hybrid-Reactor
Blankets with Li^O as t n e Tritium Breeding Material

P.Y. Wong and S.A. Kushneriuk

See PR-P-129; 4.2; AECL-7328.

5.18 Operations

5.18-.1 Disc Storage System

B.I?. Ostrom

Four CDC 844-41 disc drive units were installed,
completing the upgrade of the disc storage system that was
started last quarter.

5.18.2 Power Distribution

B.B. Ostrom

The power distribution system for the new front-end
computer system was put in place during the quarter.
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5.18.3 Uninterruptible Power Supply

B.B. Ostrom

Quotations for motor-generator, stand-by diesel
and building alterations have been received, and are being
discussed with Electrical, Instrumentation and Power Branch.

5.18.4 Computer Use by Division

The following table is an
processed during the quarter:

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

& University Relations
Health Sciences?
Chemistry & Materials
Physics

Number

22
2

28
3

( 3
4
2
7

198
234
,243
,946

,130
,159

,592
,585
,113
,773

Electronics, Instrumentation
& Control

Advanced Projects &
Reactor Physics

Fuels & Materials
Administration
Finance
Operations
Maintenance &

Construction
General Services
Plant Design
Special Projects
Environmental Authority
Commercial Operations
Others

I*,
12,

2,
3,

1,
2,

115,

502

.191
,854
887
,785
,958

469
30

202
846

0
296
17

010

of ,

(0
(0

(19
(2

(24
(2

(3
(3,
(1,
(6,

(0.

(12.
(11.
(0.
(2.
(3.

(0.
(0.
(1.
(2.
(0.
(0.
(0.

analysis

Jobs

.17%)

.20%)

.34%) 1

.56%)

.46%)

.75%)

.12%)

.99%)

.84%)

.76%)

,44%)

.34%)

.18%)
,77%)
42%)
44%)

41%)
03%)
05%)
47%)
00%)
264)
01%)

4,

of the jobs

Utilization
System

2
,966
337

319
140

77
260
144
243

91,

4.75,
285,

6,
121,
202,

3,
12,

142,

1,

833,

849
,315
,022
,231

,535
,580

,201
,750
.864
,163

,254

,469
,584
,095
,432
,023

144
364
164
032
27

439
9

548

Seconds

(0
(0

(40
(6

(6
(2

(1
(5
(3
(5

(1

(9,
(5.
(0.
(2.
(4.

(0.
(0.
(0.
(2.
(0.
(0.
(0.

.02%)

.05%)

.67%)

.98%)

.61%)

.91%)

.60%)

.39%)

.00%)

.03%)

.89%)

.84%)

.91%)
,13%)
.51%)
,18%)

,00%)
07%)
25%)
94%)
00%)
03%)
00%)



- 86 -

5.19 Reports, Publications and Lectures

Reports

AECL-7246, CRNL 3300 TERMINAL MANUAL
J.F. Steljes, E.A. Okazaki and D. McPherson
1981 February

Publications

COMPUTING CENTRE NEWSLETTER, Vol. 8, Nos. 1, 2 and 3
E.A. Okazaki, Editor

Lectures

STATISTICAL SOFTWARE AT THE CRNL COMPUTING CENTRE
C.A. Wills
CRNL, 1981 January 21.

FORTRAN IV
D.G. Stewart
Algonquin'College of Applied Arts and Technology, Continuing
Education Course,
CRNL, 1980 September 22 to 1981 February 06

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

GRVIEW - THE GRAPHICS VIEWING SYSTEM
G.N. Williams
WNRE, 1981 March 30

A DISCUSSION OF GRAPHICS STANDARDS AND SOME RECENTLY
ACQUIRED GRAPHICS PACKAGES BASED ON THESE STANDARDS
G.N. Williams
WNRE, 1981 March 31
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ACCELERATOR PHYSICS BRANCH

by

J.r.. Fraser

6.1 Staff

6.2 Nuclear Power Applications

6.2.1 High Current Proton Accelerator
6.2.2 Electron Test Accelerator
6.2.3 Fertile-to-Fissile Conversion Experiments at TRIVKF

6.3 Research Applications

6.3.1 Fast Intense Nautron Source
6.3.2 Heavy-Ion Superconducting Cyclotron

6.4 Mechanical Laboratory

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

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

BRANCH HEAD:

Professional Staff

C.B.
J.C.
K.C.
B.G.
L-W.
E.A.
J.D.
S.B.
C.R.
J.A.
R.M.
J.

G.E.
.T. H.
H.R.
S.Oc
M.R.
J.

Bigham
Brown

D. Chan
Chidley
Funk
Heighway
Hepburn
Hodge
J. Hoffmann
Hulbert
Hutcheon
McKeown
McMichael
Ormrod
Schneider
Schriber
Shubaly
Ungrin

(1)

Mechanical Laboratory

J.E.
R.J.
R.J.
R.J.
D.W.
J.F.

Anderchek
Bakèwell
Kelly
Klatt
Warren
Weaver

Attached Staff

L.O.
J.-P.

Dallin
, Labrie

(2)

(3)
(4)

J.S. Fraser

Technical Staff

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

F. Bird
Birney
Burton
Campbell
Clements
Coulas
Gillies
Hohban
Jones
Kidner
McGregor
Metivier
Michel
Milks (5)
Souris (6)
Plato (7)
Vokes
Weeden

Laboratory Services

K.T.
J.J.

McKee
Murphy

Secretarial Staff

Mrs. M.A. Trecartin

(1) Posted to Rutherford and Ar-pl«.;ton Laboratories,
Oxfordshire, England, 2980 August 15.

(2) Transferred from WE&F to Accelerator Physics Branch,
1981 February 02.

(3) Attached Staff from University of Saskatchewan/
Saskatoon;. arrived 1980 September 19.

(4) Att.";-:hed Staff from Université de Montreal,
arrived 1980 September OS.

(5) Transferred from Design and Technical Service Branch
to Accelerator Physics Branch, 1981 March 02.

(6) Joined Branch, 1981 March 09.
(7) Joined Branch, 1981 January 0!i.
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6.2 Nuclear Power Applications

6.2.1 High-Current Proton Accelerator

S.O. Schriber

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

6.2.1.1 Ion Source and Injector Development

M.R. Shubaly

Development of the high-current reflex-arc ion
source continues. Changes to the internal geometry of the
plasma source have improved beam quality, but have not
improved proton fraction.

6.2.1.1.1 Ion Source Test Stand (ISTS)

Breakdown of the data acquisition system for the
Emittance Measuring Unit has delayed measurements on
beamlet stacking. A microprocessor-based system with
standard teletype is being developed to replace the present
data acquisition system. A new isolation transformer with
increased power rating was installed.

6.2.1.1.2 Injector Test Experiment (ITE)

A seven-aperture ion source and an extraction
column were installed on ITE for experiments with mass-
analyzed high-current beams. Components were added to
prevent backstreaming of roughing pump oil after power

«. failures. Severe sparking caused by a small air leak
caused arc power supply damage. Beam runs were resumed
following temporary repairs to the supply.

Design and drafting of an emittance measuring
plate (pepper-pot plate) for the proton beam dump are
nearly complete. A focusing solenoid and power supply to
be used for the biased radiofrequency quadrupole mock-up
were acquired.

6.2.1.1.3 High Current Ion Source

Studies of plasma source geometry effects on
proton fraction are continuing. The only trend noted to
date was that, for a given extracted current density, the
proton fraction decreased as the arc and gas efficiency
improved. This effect was recently noted at Los Alamos
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for cusp sources (E.A. Meyer, O.D. Armstrong and
J.D. Schneider, LASL, private communication). Changes to
source geometry have, however, led to slight improvements
in beam quality. A solution to this dilemma is being
sought.

A study of beamlet stacking in phase space, a
technique to control emittance of multi-beamlet beams, was
hampered by failure of the ISTS data acquisition system.

6.2.1.2 Code Development

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

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

6.2.1.2.1. PARMILA

The latest corrections and enhancements to
PARMTEQ and OUTPROC were obtained from LASL and installed.
Because our operating system differs from LASL's, a number
of changes were needed to run the program. Further changes
were desirable to make optimum use of our facilities making
it difficult to compare output from recent changes. To
simplify comparisons in the future, a "LASL version" of the
code is being maintained which contains only the modifica-
tions needed to allow their program to run on our system.

Two versions of PARMTEQ are in current use - one
describes particle coordinates as a function of axial
position (as is done in PARMILA), the other describes
particle coordinates as a function of time. The two versions
give slightly different results with the difference being
most apparent in runs that have large space charge effects.
This problem is under investigation at CRNL and at LASL;
discrepancies still exist.

Several modifications were made to the PARMILA
code routines. Additional dynamics options include
quadrupole doublets and rotation misalignment errors on
the quadrupoles for each drift tube. A new OUTPUT sub-
routine produces line printer graphs and lists coordinates
of particles that meet specified constraints at the output
of the linac.

The computer program RFQUIK was obtained from
T. Wangler at LASL. An RFQ accelerator contains sections
called the shaper and the gentle buncher in which
synchronous phase and vane modulation are gradually
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increased prior to the accelerating section. Although
techniques for design of these sections have been
established, considerable effort is required to put da a
in a format suitable for PARMTEQ, RFQUIK generates a
design file for the shaper, gentle buncher and accelerator
that can be used directly by PARMTEQ. This code simplifies
the steps and time for examining a number of proposed
designs.

6.2.1.2.2 SUPERFISH

Improvements were made to code routines
previously modified to normalize RFQ geometries to 100 kV
vertical vane potential. Power dissipation per unit length,
stored energy per unit length, focusing strength and
focusing impedance are output. The power deposited on each
element of the mesh can be obtained from a dump of the file
OUTPIS that is written during FISH execution.

6.2.1.2.3 BEAM

Development of BEAM, an ion beam extraction and
acceleration modeling code continues. Most of the desirable
features have already been implemented, but inclusion of
magnetic fields will require a change to the mesh generator.
A final specification for version one of BEAM is being
prepared.

6.2.1.2.4 General

Development of a microprocessor-controlled bead-
puller for rf cavity perturbation measurements was startec.
The perturbing bead will be moved by a continuous drive dc
motor, the bead position will be measured by a shaft
encoder, and rf resonant frequency will be determined from
an oscillator voltage control signal generated by an
automatic frequency control unit. Two cassette tape drives
and the PRO-LOG STD bus system with Z-80 processor were
delivered; other components are on order. Software
development has started.

6.2.1.3 High Current Test Facility

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

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

6.2.1.3.1 Injector

Injector operation thir quarter was limited to
low current (1-4 mA) injection to the Alvarez tank for
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several days. For these tests all systems performed
normally.

6.2.1.3.2 Rf System

The main rf system operated satisfactorily with
a maximum output power of 160 kW for Alvarez tank rf
conditioning and accelerator beam experiments.

During the first half of this quarter, the low
level rf control unit was used without rf amplitude and
phase control regulators. Development and commissioning
of these sub-systems is now in progress.

Installation of the buncher rf system was
completed in early January. During commissioning, it was
found that use of a common tank field signal for field
level monitoring, phase and rf turn-on control was
unsatisfactory. Interaction between the three systems
through a three-way power splitter caused amplitude and
phase noise in the phase detector. The problem was
corrected by providing a separate signal for tank phase
control.

6.2.1.3.3 Buncher Cavity

The buncher cavity operated with beam early in
this quarter. Operation was satisfactory with no
significant problems. Beam transmission was measured
beyond the Alvarez tank as a function of buncher rf power
and phase. Transmission was essentially constant for rf
power from 200 watts to 350 watts. Transmission as a
function of buncher phase is shown in Fig. 6.2.1. At the
optimum phase, transmission is a factor of 2.2 higher than
for the no buncher case.

6.2.1.3.4 Alvarez Tank

Successful commissioning of the buncher cavity
permitted higher current acceleration with the 268 MHz
Alvarez tank. Up to 1.2 mA'of protons were accelerated.
For rf field stability reasons, the tank was operated at
140 kW for most measurements (92% of the design field).
At this power 45% of the dc beam was accelerated above
2.25 MeV. The beam dynamics code PARMILA predicts a
transmission of 50% for these conditions.

The large angular divergence of the accelerated
beam and energy spread made interpretation of emittance
measurements from the "pepper-pot" plate difficult. The
fast kicker magnet ("v 100 ys long pulse) of the emittance
unit was useful, however, in gaining some knowledge of the
energy spectrum. More than 85% of the total transmitted
beam (at 140 kW tank power) had an energy in excess of
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2.25 MeV. The remaining 15% of the beam was >v 750 ke".
It is interesting to note that with zero rf tank power and
optimum drift tube quadrupole settings no beam is
transmitted.

Design was completed and drafting was initiated
for a bending magnet chamber and slit system that will be
fitted to an analyzing magnet. Detailed proton
energy spectrum measurements will be possible with this
system.

Beam acceleration measurements were suspended
early in the quarter so that a replacement drift tube stem
seal (on the last drift tube) could be tested. The design
shown in Fig. 6.2.2 uses a cooled copper sleeve to provide
a high-conductivity region for a distance greater than two
hole diameters from the tank inner surface. The rf field
should be sufficiently attenuated at this distance to
mount a bellows without overheating, if field-induced
currents are the main heating source.

At minimum triode amplifier operation of 3 5 kW,
severe overheating of the bellows was noted, indicating
that drift tube stem currents are the major cause of over-
heating. The rf endplate of the Alvarez tank is adjustable
in longitudinal position for frequency and field tilt
tuning. Figure 6.2.3 shows the bellows temperature as a
function of endplate displacement. Temperature rise per
kilowatt tank rf power was reduced a factor of greater
than 1000 by increasing the final drift tube gap ^ 5 mm.
This geometry change introduced a 25% accelerating field
tilt along the tank length but will allow beam acceleration
without excessive bellows overheating. A better approach
must still be found because all- drift-tube stem mounts
must be flexible in the final design.

Two approaches are being investigated to reduce
bellows heating. Reducing the resistivity of the bellows
by using a copper plated layer should reduce heating by a
factor of "v 7 (copper surface resistivity is a factor of
•v 7 lower than stainless steel), and plating procedures
are being tested. The second approach involves an investi-
gation of stem location on the drift tube to minimize
net stem currents. Both an experimental test model and
the computer code SUPERFISH are being used to explore the
latter approach.
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- 97 -

6.2.1.4 Zero Energy Breeder Accelerator

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

As an extension of the present high current
proton accelerator program to higher energy and current,
the design requirements for a 10 MeV, 300 mA cw proton
linac, ZEBRA (̂ ero Energy Breeder Accelerator), are being
studied. This accelerator would be a test of the initial
stage of an electronuclear breeder and would be used to
study injection, engineering, beam loss, beam transmission
and emittance growth problems. The accelerator, which is
presently at the conceptual design stage, will consist of
a low voltage (̂  50 kV) dc injector, a biased radio-
frequency quadrupole (RFQ) section (̂  100 MHz) and a drift
tube ^inac (DTL) (̂  200 MHz). The transition from the RFQ
section to the DTL will occur in the 2.0 - 2.5 MeV range.

A 500 MHz laboratory "cold-test" aluminum model
of the RFQ has been fabricated in the shops. Design of a
100 mA, 268 MHz RFQ is underway to determine construction
and operational characteristics of a 100% duty cycle
structure. A short length structure based on this design
is being drafted and will be built to investigate sparking
levels in a cw RFQ structure.

The Alvarez section of ZEBRA will incorporate a
number of new construction and design concepts not included
in the existing 3 MeV tank. To test these concepts a
268 MHz 2BX tank (2BLAT) will be built that matches our
injector and models the first 6A ZEBRA tank. The
accelerator with an input energy of 600 keV will permit
investigations of shaped drift tube faces, high accelerating
gradients.- rf tuners, improved cooling, permanent magnet
quadrupoles, post couplers and a modular drift tube
suspension.

In addition, a simple resonant cavity is being
fabricated to test transmission of 400 to 500 kW of rf
power to a resonant load and to serve as a test bed for
different components of resonant structures.

6.2.1.4.1 Resonant Load

The ZEBRA accelerator will require coupling loops
and windows capable of coupling rf power in the 500 kW
range to Alvarez tanks. An 83 cm diameter by 1 m long
aluminum tank, resonant at 270 MHz and capable of dissi-
pating 400 kW is being built. This resonant load will be
used to test various loop and window designs and will also
include a number of flanges to test post-coupler, tuner,
and drift-tube stem mounts. The frequency was chosen to
match existing rf equipment.
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A partially completed design for this aluminum
tank was checked and improved upon. Flanges were
strengthened to permit the use of Helicoflex seals or
Mott seals and some changes were made to the water cooling.
The design was finished, estimated and the load is now
under construction. Because of the larger power require-
ments a 23 cm (9 inch) coupling loop will be used.

6.2.1.4.2 Two Beta Lambda Alvarez Tank (2BLAT)

Experiments on field stabilization using post
couplers are underway with a 50 cm diameter aluminum
Alvarez test tank. The tank, which resonates in the
mode at 372 MHz, has 21 drift tubes and is a 0.7 scale
model of the 0.8 - 2.8 MeV section of the existing 3 MeV
Alvarez accelerator. Ten 19 ram diameter post couplers
which alternate from side to side opposite the even numbered
drift tubes have been used in initial tests. Field pertur-
bations are produced by adjusting the endplates to produce
a field tilt while maintaining cavity frequency.

Post coupler measurements on the aluminum model
corii:'.nue. Using eccentric tabs with an area approximately
twice the area of the 19 mm diameter posts a field tilt
reduction by a factor of 40 was achieved. The correct
spacing between the ends of the post couplers and the drift
tubes was ^ 7.5 mm, greater than that for no tabs mounted
on the posts. Individual coupler tabs were rotated ± 90°
with respect to the neutral vertical position giving only
small effects (< 2%) on electric field tilts. New tabs
that increase the area by another factor of two were
installed and are presently being adjusted.

Attempts were made to determine post coupler
positions by examining the mode spectrum. The post coupler
modes, however, are only very weakly excited and this
approach was abandoned.

A 480 MHz aluminum model of the last six cells
of the 268 MHz 2BLAT tank is being built. This model
will allow measurements on frequency perturbations produced
by the large coupling loop and drift tube suspension
opening. It will also be used to determine post coupler
effects on stem currents and will be a valuable test bed
for determining optimum drift tube alignment techniques.
Two tuners and up to five post couplers may be used on
the model.

The permanent magnet quadrupoles that will be
used in the first five drift tubes of 2BLAT present a
problem in the determination of their magnetic axis. No
mechanical segments corresponding to the quadrupole pole
tips exist as manufactured. Great care must be taken to
determine this axis to avoid beam rotation or filamentation.
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Beam dynamics calculations have shown that there are diffi-
culties il the uncertainty is ± 5° but none if it is ± 1°.

Samples of permanent magnetic material for the
quadrupoles were obtained from the manufacturer and will
be used in a test program to determine proper electron
beam welding techniques. Test pieces were fabricated to
investigate capabilities of welding OFHC copper in the
presence1 of strong magnetic fields. Welding is necessary
because the magnets cannot survive standard brazing
temperatures.

6.2.1.4.3 Radiofrequency Quadrupole (RFQ)

A number of RFQ designs for a ZEBRA first tank
capable of accelerating 400 mA were studied using the
computer programs CURLI, RFQUIK and PABMTEQ. RFQ costs
can be reduced by operating at as high an electric field
gradient as possible while avoiding sparking. The
Kilpatrick limit is the voltage below which sparking will
not occur with clean surfaces. Above this limit some
sparking can occur but rf conditioning of the surface will
reduce the sparking rate. If the voltage is increased too
much/ rf conditioning no longer helps. Operation of an
RFQ at twice the Kilpatrick limit appears feasible for a
pulsed device but until cw tests are completed the
acceptable level for a cw structure is unknown. Operation
of a cw RFQ at 1.5 times Kilpatrick seems fairly conserva-
tive and 1.75 times may be reasonable. Both designs are
being studied.

In addition, a combination of two 200 mA RFQ's
at 108 MHz combined for injection into a 216 HHz Alvarez
linac was studied. This scheme has some good features but
it appears unlikely that it would be better than a single
RFQ.

Measurements on frequency and mode characteristics
of a nominal 500 MHz four vane RFQ aluminum tank have begun.
Initial measurements have determined frequency and Q
characteristics as a function of the location of the end
walls. Measurements are hampered by a significant dipole
content in the quadrupole TE211 field distribution and
means to overcome this are being pursued.

An OFHC copper four-vane RFQ sparker cavity was
designed with four 0.36 m long straight vanes. This tank
will operate at 270 MHz and will be used solely for
measuring sparking levels. Because thick-walled copper
tubing is unavailable, the tank has a square cross section
with sides fabricated from flat plate and vanes projecting
from the centre of each side. All parts are water cooled
and designed to remove at least 150 kW of heat. Detailed
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drawings will be ready about the end of April. Tests are
underway to determine the best method of joining plates
for fabrication and tuning of the vanes. Good results
were obtained with round headed OFHC rivets.

Loop coupling to the RFQ sparker cavity was
chosen in preference to iris coupling with ridge or
tapered waveguide for overall system simplicity. A 10 cm
diameter tank opening enlarges to standard 15.6 cm coaxial
transmission line to accommodate a 5/12 \ length coupling
loop with a modified version of the Alvarez teflon window.

6.2.2 Electron Test Accelerator

J. McKeown

This 4 MeV accelerator is used for accelerator
physics studies with cw structures at high beam current
and high beam loading.

6.2.2.1 Accelerator Operation

L.P. Dallin

Polarized and unpolarized electron beams were
accelerated to energies ranging between 1.8 and 3.5 MeV.
The polarized photons produced in a copper target were used
to produce neutrons in a can filled with heavy water.
Results from these experiments and their relevance in a
proposed parity violation experiment are discussed in
Section 3.16. Towards the end of the period the
accelerator was shut down for changes to the tunnel (see
Section 6.2.2.4).

6.2.2.2 Beam Cavity Interaction Studies

K.C.D. Chan

Under heavy beam loading conditions, it is
probable that higher order modes will be excited in the
accelerating structures. Studies of this phenomenon have
been underway at other laboratories where highly charged
bunches are accelerated.

The computer code BCI, obtained from CERN in
this period, is now running in the CRNL computer. The
code calculates the Beam-Cavity Interaction when an on-axis
bunch of charge passes through a cavity. Being a two-
dimension program in the radial and axial (beam) directions,
it can accept only cavity geometries with axial symmetry.
It can calculate transient electromagnetic fields, wake
fields, and energy loss of a beam bunch.

The CRNL version has been tested with several
published benchmark cases and agreement has been found.
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An option of employing a train of bunches has been added
to this version to model the behaviour of a linear
accelerator. This may be vitally important in a high
current accelerator operating with heavy beam loading.

The code was then applied to the CHEER (Canadian
High Energy Electron Ring) structure. A total energy loss
parameter (ktot) °f 0.29 V/pC was found for the accelerating
cell for a bunch with rms bunch length a equal to 20 mm.
The bunch energy loss to the cell is Jttpt * joules where
Q is in coulombs. This compares well with a value of 0.24
V/pC estimated by analytical methods. The ktot f o r t n e

coupling cell is calculated by BCI as 0.03 V/pC, showing
the additional coupling cell required to run the structure
in IT/2 mode will only increase the ktot ^y 10%. The sum of
ktot °f the accelerating and coupling cell, 0.32 V/pC, can
be compared to some reported ktot values of the LEP cavity
(T. Weiland, Proc. XI Int. Conf. on High Eng. A c e , CERN
(1980)). They are 0.41 and 0.23 V/pC for a equal to 20 mm
and 45.6 mm, respectively. The bunch length of 45.6 mm is
the value corrected for the fact that the LEP cavity is
operated at a frequency (353 MHz) lower than that of
CHEER (804 MHz) -and therefore accepts a longer bunch for
the same phase angle. The lower ktot f° r the CHEER cavity
is a result of the missing nose cone and of the increase in

the ratio of pipe radius to gap length. Figure 6.2.4 shows the
induced electric field lines in the CHEER cavities when a
chain of pulses start traversing the structure.

6.2.2.3 High Power Pancake-Coupled Structure - Model 5

J. McKeown

The structure was successfully brazed and all
water-to-vacuum and air-to-vacuum joints are leak tight.
Quartz windows are used to transmit the rf to field
monitoring probes for the accelerating cells. This allows
these probes to be adjustable while the coupler probes
are fixed. The tuners were installed, cooling channels
soldered and mechanical assembly completed.

Low power tests show that at room temperature
the w/2 frequency can be covered over a range from 803.9
MHz to 806.2 MHz. The impedance match between the wave-
guide and the structure changed following brazing of the
waveguide adaptor and is now overcoupled with a VSWR of
2.1 compared to a prebraze value of 1.55. Mode spectra
show that the structure is on tune with a coupling of 10.4%
whicn exceeds a design value of 10%. Bead pulls at 804 MHz
and 806.2 MHz show tilts of less than 1%. Low power tests
are now complete and the structure awaits installation in
the tunnel in Bldg. 610 where high power testing will be
carried out.
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Pig. 6.2.4 Electric fields excited by multiple bunches in CHEER

cavities. Electric field lines are shown. The

density of the lines are proportional to the strength

of the field. Under each graph, the shape and

location of beam bunches are shown.



6.2.2.4 Microtron Studies

J.-P. Labrie and J. McKeown

During the period plans were made for extension
of the tunnel to include a 90° bend, an electron irradiation
facility and accommodation of the Model 5 structure for
high power tests. Sufficient space will be made available
to permit recirculation of the beam so that an investigation
of beam blow-up modes in the Model 5 tank can be made.
These modes which cause the beam to be deflected by magnetic
fields on axis could be a serious problem in a high current
linac such as is proposed for an accelerator breeder.

The modes are most easily excited by regeneration
in a cyclic machine,and in collaboration with the University
de Montreal, an investigation of jiicrotron behaviour has
begun. Researchers at the University de Montreal are
considering using a cascade of two cw microtror.s to
accelerate 100 viA of electrons to an energy of 1 GeV for
photonuclear research. The first stage of the design
study will be the construction of a low energy test
microtron to study all the important characteristics of
microtron design. If the University de Montreal project
is funded, components of the test microtron will be used
in the construction of the high energy microtron.

A sketch of the test microtron under consideration
at the Universite de Montreal is shown in Fig. 6.2.5. The
100 keV beam from an electron gun is bunched and injected
into a graded-6 linac structure where it is accelerated to
an energy of 1.67 MeV. Further acceleration to an energy
of 3.28 MeV is provided in a 6=1 linac structure before
injection into the test microtron where after 10 recircula-
tions the beam will have reached an energy of 20.2 MeV and
is extracted.

Each linac structure receives power from a 50 kW,
2.45 GHz cw klystron. The design average axial field is
1.237 MV/m. At present (see below) the graded-B linac is
to be made of 32 on-axis coupled cells and the 8=1 injector
linac and the microtron's linac are to be made of 28 on-axis
coupled cells. Each linac will have a total length of
1.7 m. The overall dimensions of the test microtron are
1 in in width and 3.9 m in length. The magnetic field in
the 180° end magnets is 0.146 T for v=2.

Many beam diagnostic devices are to be incorpo-
rated in the structure. The computer code PARMELA is being
used to study the dynamics of the injected beam. More
detailed beam dynamics calculations and microtron structure
optimization are being considered with the use of the
computer code MELLY7.
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A new type of accelerator structure which shows
potential for the reduction of beam breakup modes in
microtrons is being studied. Its dimensions are similar to
those of an on-axis coupled structure with the same
simplicity for machining and assembly. This new structure
makes use of coaxial coupling cavities which isolate the
beam from the coupling cavities.

A computer study of coaxial coupling cavities
with the code SUPERFISH has shown that the excitation of
TM-like modes in such cavities allows magnetic coupling to
an accelerating cell through coupling slots located at the
inner or at the outer radius of the coupling cavity where,
as shown in Fig. 6.2.6, the magnetic field of the fundamental
mode reaches a maximum. By an appropriate choice of the
outer and inner radii of the coupling cavity, the coupling
slots may be located above the nose cone of the accelerating
cell where the magnetic field is high. Also shown in
Fig. 6.2.6 ar? the computed radial magnetic and electric
field distribution along the metal boundary of an
accelerating cell excited in ths TMnio mode.

A series of measurements on 3 GHz cavities has
shown that coupling constants of 3% are achievable with
two coupling slots of 6.4 mm in width and with an angular
span of 70°. Coupling constant dependence on the width
and angular span of the coupling slots are being measured
and construction of an L-band cavity for field mapping is
being considered.

6.2.2.5 Buncher

J.-P. Labrie

In order to increase the beam transmitted
through the ETA structure, a new buncher has been designed.
The buncher will have a large aperture, high shunt impedance
and a tuner to cover the operating frequency range of the
accelerator. The machining of an Al test cavity was
completed and the resonance frequency was measured to be
802.6 MHz, compared to 804.8 MHz calculated with the
computer code SUPERFISH. A 50 urn thickness of Al had been
left on the contour of the cavity for further tuning.
After machining three ports for the tuner, rf drive and
probe, the resonance frequency dropped to 797.5 MHz.
Insertion of an Al rod in the tuner port increased the
resonance frequency to 802.6 MHz. Complete drawings of
the copper buncher have been submitted to the workshop
for fabrication during the next quarter.
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6.2.2.6 Computer

K.C.D. Chan

The immediate stage of upgrading the computer
system, as described in PR-P-128; 6.2.2.5, is now
underway. With most of the purchased hardware on hand,
service representatives from Perkin-Elmer are now in
the process of installing them. The aim of tnis
stage of upgrading is to achieve a reliable and updated
64 KB system.

6.2.2.7 Deuterium Photodisintegration - Parity
Violation Experiment

E.D. Earle (Neutron and Solid State Physics
Branch) with A.B. McDonald, J.J. Hill (Nuclear
Physics Branch) and L.O. Dallin and S.H. Kidner

See PR-P-129, 3.16; AECL-7328.

6.2.3 Fertile-to-Fissile Conversion Experiments at TRIUMF

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

The intercalibration of counting systems between
Simon Fraser University, CRNL and Los Alamos National
Laboratory was extended to include the 24jja activity
produced in Al foils for beam intensify monitoring. With
the 198Au intercalibration referred to in PR-P-128; 6.2.3,
the overall agreement between the three sites and for
both the beam monitoring and thermal flux monitoring
was within 2.5%. This agreement is satisfactory for the
FERFICON experiments. The previously noted discrepancy
in calibrations (PR-P-125, 6.2.5; AECL-6956) was probably
due to incorrect evaluation of counting rate losses and
geometry-dependent counting efficiency for the Ge(Li)
detector.
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6.3 Research Applications

6.3.1 Fast Intense Neutron Source

J.D. Hepburn

Collaboration with the Health Physics Branch on
development of a 4 x 10-" n/s, 14 MeV neutron source
continued. Beam stability and beam current profiles were
measured.

Good turn-on behaviour of the ion source and
suitable beam optics in any accelerating column are usually
achieved when beam current is related to operating voltage
by I = V"*' . Formerly, the FINS column showed this
correlation, but would also operate well at ^ 300 kV for
all currents. In a recent attempt to clarify column
behaviour, good operation occurred over such a large
operating range (90-300 kV, 5-15 mA total current) that
analysis of specific operating regions was not possible.

Addition of a small-aperture Faraday cup behind
the main Faraday cup (see PR-P-L27, 6.3.1; AECL-7102) was
completed. Large variations in beam current profile were
not seen over the operating range 150-300 kV for 2-6 mA D+

beam to the cups. Beam power densities were less than
1.5 kW/cm^, as expected.

Profile measurements at higher currents have
been hampered by a 3 Hz current and voltage oscillation
at certain nominal output currents. Recently this unstable
current regime shifted downward and now interferes with
experiments formerly conducted in a stable zone. Investi-
gation of the oscillation continues.

6.3.2 Heavy-Ion Superconducting Cyclotron

J.H. Ormrod

Design and development of a superconducting
cyclotron for a post-tandem accelerator continues. ne
magnet has been reassembled, the cryostat cooled and the
coil operated at maximum excitation. Centering of components
in preparation for final field mapping is in progress.

6.3.2.1 Cryogenic Systems

J.A. Hulbert

6.3.2.1.1 Cryostat

Vacuum leak testing of the modified cryostat was
completed by mid-February. Some problems arose with a
very slowly responding helium-to-vacuum leak. This was
traced to the seal complex at the top of tower 3 where
difficulties ascribed to misalignment during assembly had
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been experienced previously in achieving a seal. A gas
barrier seal was repaired using Torr-seal. A design
modification has been devised that will eliminate this
trouble and will be implemented at the next warm-up.

Cooldown started at 1600 hours on 1981-02-20 and
proceeded smoothly. Liquid helium transfer was initiated
at 1900 hours on 1981-02-26 and after periodic stops to
check liquid boil-off rates the coil was fully immersed
at 1500 hours on 1981-02-28. Following the insertion of
three midplane penetrations and considerable disruption and
repair of the superinsulation during the. coil cleaning
operation, the boil-off rate with the coil immersed has
risen by 4-5 L/h with the helium level just above the bridge
and somewhat more when the coil is completely immersed.
The midplane penetrations are all free of ice or condensa-
tion. Thermostatically controlled lead heaters have now
been added to the lead contact plates. These eliminate
the former problems of maintaining ice build-up to a
tolerable level on the lead connections and keep the lead
insulators free from helium leaks when the magnet power is
off.

6.3.2.1.2 Cryopumps

Mk I cryopump has been cured of its excessive
helium boil-off rate at high rf power levels, and now
operates at 70 kV for a boil-off of 0.5 L/h.

Mk II cryopump components are now complete and
delivery for instrumentation and initial cryogenic tests
is expected soon.

6.3.2.1.3 Cryogenic System Instrumentation

The general purpose signal conditioning circuit
board has now been assembled in three distinct quadruple
amplifier modules. The "QSA" for coil suspension strain
readout, the "QTA" for pressure transducer readout and the
"QDA" for liquid depth gauges and flow transducers. Four
QSA's are complete, four QTA's and one QDA. A Q*A to
CAMAC ADC coupler has been completed to a stage that enables
the readout of the radial suspension strains and 40% of the
axial suspension strains on the system PDP 11 computer.

6.3.2.2 Magnet

6.3.2.2.1 Flutter Poles

J.H• Ormrod

Shims have been added to the midplane surface of
the flutter poles at inner and outer radii. The surface
at intermediate radii was machined back by as much as
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1.2 nun when the trim rod holes were drilled in the flutter
poles. Figure 6.3.1 shows the upper pole (inverted in its
cradle) with all of the trim rod holes bored and the shims
visible on the midplane at the flutter pole noses and
outside edges.

6.3.2.2.2 Trim Rods

J.H. Ormrod

All 104 trim rods with their holders are installed.
Setting the rods flush with the midplane surface of the
flutter poles is more difficult than was anticipated. The
rods are attracted to the midplane when the magnet is
energized and react against thrust bearings in the holders.
The lower trim rods fall back under gravity by ^ 1/2 mm
and are supported by retaining rings when the magnetic
field is off. In addition to this movement, the variation
in the force on the rods with field level gives small
variations. The rods should be flush when the set of 48
field maps are made, and to ensure that the above effects
do not introduce errors the linear potentiometers that
monitor the rod positions are being installed now rather
than after the field mapping as originally scheduled. The
linear potentiometers are all on hand and are being
calibrated, the necessary CAMAC modules have been procured
and the interconnecting cables are being assembled.

Fitting of the prototype driver assembly for the
trim rod cluster in the upper third quadrant ha.» begun.

6.3.2.2.3 Magnet Instrumentation

H.R. Schneider

The voltage tap monitor and interlock instrumenta-
tion described in PR-F-126, 6.3.2.3.3 (AECL-7055) has been
installed in the magnet instrument rack and is now
operating.

6.3.2.2.4 Dump Resistor Modification

H.R. Schneider

Calculations of the axial Lorentz forces on the
coil? reveal that at relatively low excitations of the
magnex., these forces tend to lift the coils away from the
central bridge (PR-P-125, 6.3.2.2.4; AECL-6956). Keeping
the outer coil current less than 100 A while the inner
coil current is below 600 A assures that the lifting forces
do not exceed the axial preload on the coils. To satisfy
this condition during magnet discharge has required a
change in the resistances of the dump resistors permanently
connected across the inner and outer coils. The resistance
ratio of the dump resistors was originally chosen to give
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Fig. 6.3.1 Inverted upper pole showing the trim rod holes
and the shims.
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equal discharge rates from full excitation. The new
requirement means the outer coil must be discharged more
rapidly. The resistance change was accomplished by
re-arranging the slotted stainless steel plates that
constitute the resistors, so that now the inner and outer
dump coil resistances are 14 mfl and 38 mfl,respectively.
With this change the Lorentz lifting force on the coils,
during magnet dischame, never exceeds 60% of the axial
preload.

6.3.2.2.5 Magnet Operation

H.K. Schneider

During the current series of magnet tests, the
coils have been successfully operated at various currents
up to 2300 A in the inner coil and 1690 A in the outer.
This corresponds to an average midplane induction of 5 T.

Except lor a transformer lead failure in the
power supply, the magnet, power supply, and instrumentation
are operating satisfactorily. The transformer lead
failure, which was easily repaired, is thought to have
been caused by a loose connection at a terminal block.

6.3.2.2.6 Field Mapping

J.H. Ormrod

The 4 0 flip-coils have been recalibrated and the
field measuring apparatus installed on the lower pole.
Three thermistors have been attached to the pole and yoke
to measure the steel temperature to supplement the flip
coil temperature monitoring; these will be used in the
experiment to measure the changes in the midplane field
caused by the variation in the saturation magnetization
of steel with temperature.

The field measuring apparatus, upper pole and
superconducting coil have been approximately centered
(̂  0.2 mm) on the axis of the lower pole. A new technique
is being used to center the upper pole using the midplane
field measurements. Two successive maps at <B> = 1.2 T
are taken: In the first map, four upper trim rods, all at
the same radius, are retracted 20 mm. For the second map,
these rods are returned to their original positions and
their lower pole counterparts are retracted 20 mm. The
positions of the dimples created by the retracted rods
gives the "azimuthal difference" of each of the four rods
from its lower counterpart and from these, the displacement
and rotation of the upper pole relative to the lower pole
can be calculated. In practice, two sets of four rodsj are
retracted for each measurement to provide a check on the
technique. The two agree within 0.1 mm, which is within
the required placement tolerance.
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Now that the magnet has been operated at full
field, final centering will begin in preparation for
mapping; however, the 104 linear potentiometers must be
installed to monitor the trim rod positions. In the
mapping for centering, a larger first harmonic component
(B^) was measured compared to the maps taken before the
trim rod holes were bored. Whereas the maximum B^ used
to be 0.4 mT, now B^ values of up to 1.7 mT are measured
at two trim rod locations. The map details confirm that
incorrect trim rod positions are the cause. These are
easily corrected, but final adjustment will not be made
until the trim rod position monitors are operating. In
the interim, the first harmonics in no v-ay compromise the
centering measurements.

6.3.2.3 Accelerating Structure

6.3.2.3.1 Commissioning

C.B. Bigham

The accelerating structure was reassembled in
the dummy vacuum vessel and about 30 hours of commissioning
tests at the 50 kV peak level were carriec. out before the
tuners failed again. The failure occurred after a few
hours opere.tion at the 70 kV level. The structure was
disassembled and examination of the finger contacts suggests
that the failure was caused by overheating of the tips of
the fingers. There were no indications of manufacturing
defects that could cause the failure and since it occurred
well below the nominal 100 kV design level, there seems
little possibility of this design meeting the requirements.

Alternatives are being considered to the simple
spring contact short which are adjustable under power. One
possibility is being tested in a small resonator but has
not yet demonstrated satisfactory reliability. It may have
to be clamped which, will require modifications to the
tuner drive.

CAMAC interfacing of the power amplifier is
complete except for changing the tuner motor drives to
direct operation by stepping motor controllers. Since this
is only required to Standardize the system it will be
left for later. CAMAC interfacing of the structure controls
is complete except for status indicating (SPO) and some
analogue signals.

The power amplifier failed once during the tests
when a chip from the ferrite rings used to suppress
parasitic oscillations shorted the screen. The ferrites
were remounted. The driver filament supply was also
repaired following damage by overheating. A cooling fan
was added.



- 114 -

The eryopump operated wall requiring % 0.4 Jl/h
av zaro power and ^0.5 i/h at the 50 kW rf level. Batch
rilling at 1/2 - 1 hour intervals allowed continuous
operation without vacuum pressure transients. It was
operated for a total of 85 hours with the longest single
run being 11 hours.

A second vacuum gauge was installed in the
system to check the calibration of the normal gauges.
K&ar the lowest pressure 5 x 10~4 Pa (4 x 10"" Torr) the
two gauges agreed within a few percent. Rf start up and
conditioning transients were manageable ir the 2-6 x 10"3

Pa range with the pressure decreasing at steady rf levels
and after an hour was usually below 1 x 10 Pa.

The rf voltages mentioned above were derived
from x-ray measurements and are the best estimate of the
voltage at about 480 mm cyclotron radius (see below).
The voltages given in PR-P-128, 6.3.2.3 (AECL-7234) were
about 25% high on this scale.

6.3.2.3.2 Dee Voltage Calibration

C.B. Bighair. and R.M. Hutcheon

Additional measurements of x-ray spectra end
points ware made using a crude electron gun mounted in a
hill at 480 mm cyclotron radios.

To assist in interpreting rhe data, the electron
energy gain and output phase were calculated as a function
of input phase using a modified time dependent version
(RFGUN) of the SLAC gun code. The calculation was done
in Cartesian planar geometry (a reasonable approximation
as the radial variation of the due gap is weak) using the
actual dimensions and electron source location
(Fig. 6.3.2 (a)). The electrons were given an initial
energy of 1 eV and the energy-phase diagram in
Fig. 6.3.2 (b) was generated with 70 kV peak voltage,
where the field is maximum at zero input phase.

Experimentally, the x-ray spectrum observed
from the filament, i.e. with the filament-off spectrum
subtracted, has a well-defined upper edge, and the results
in Fig. 6.3.2 (b) show that this edge should be close to
the peak rf voltage. This is believed to be a good
measure of the voltage at 480 mm at 55 MHz and is the
calibration used above. The filament-off spectrum,however,
has a less well-defined edge at higher voltages. This
may oe a measure of a higher voltage at the dee tips or
be .cram electrons crossing more than one gap.

One brief measurement in the ir-mode had a much
more pronounced high energy component at a little less
than twice the low energy component. This may have been
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Fig. 6.3.2 (a) A Cartesian coordinate representation of the SCC dee to hill geometry.
The time varying electric field was calculated in a near-field
approximation. Space charge was ifiglectet1 in the electron trajectory
calculation.
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time dependence.
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from electrons gaining the full dee-to-dee voltage, which
in the ir-mode is twice the dee-to-ground voltage.

Additional measurements are planned to clarify
the observed results and to obtain some measure of the
radial variation in dee voltage.

6.3.2.4 Injection

6.3.2.4.1 Foil Changer

C.R. Hoffmann

Detailed design of the foil magazine, drive
systems and vacuum envelope are essentially complete.
The magazine has a nominal capacity of 300 foils. A gear
motor drives the foil unloader-loader system via a pair of
control cams which ensure proper sequencing. A stepping
motor and gear system drives a rotary vacuum feedthrough
which in turn connects to the transport chain drive
sprocket through a second gear system. The feedthrough
shaft makes precisely one revolution for a chain travel
of one foil pitch. The position of foils within this
travel is deduced with a 12-bit shaft encoder connected
to the feedthrough shaft.

6.3.2.5 Extraction

C.R. Hoffmann

A high voltage feed cable, bent to shape for
installation in a dee, has been high voltage tested up to
110 kV. Coupling pieces for the center conductor of the
electrostatic deflector transition section were redesigned
and fabricated to allow assembly of the full deflector
model using the boron-nitride disc insulator (see PR-P-127,
6.3.2.4; AECL-7102). The full model was tested and operates
satisfactorily at the design voltage of 100 kV and a 7 mm
septum to deflector electrode aperture. Leakage current
and x-ray emission were negligible. The next major step
is to repeat the high voltage test with the model mounted
in a dee in the cyclotron magnetic field.

Preparatory work has begun for testing model
coils of the superconducting windings which form part of
the magnetic extraction elements. A control module has
been built which interfaces with a current regulated dc
power supply (400 A, 3.5 V) to allow charging and discharging
rates of the test coils to be set in che range 2-8 A/s. A
test jig and winding support structure have been designed
and are being fabricated. Coil tests will be performed in
the short sample test facility (see PR-P-105, 6.3.2 f);
AECL-5121), which can provide a maximum magnetic field
of 5 T transverse to the test windings.
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6.4 Mechanical Laboratory

J.E. Anderchek

The Mechanical Laboratory operates the machine
shop and furnaces in Bldg. 145 and carries out mechanical
construction, assembly, repairs and vacuum testing for the
Accelerator Physics Branch ani the Reactor Physics Branch.

Total laboratory tin& breakdown in the quarter
is as follows:

Accelerator Physics Branch - 93.7 5%
Reactor Physics Branch - 6.25%

6.4.1 High Current Proton Accelerator

Several parts wen. r-.ade for the small duoPIGatron
ion source, including two first a/iodes, one second anode,
three plasma aperture platen and a compressor coil former.

A filament holder, Intermediate electro'*? T»... a
plasma aperture plate were modified to suit the '•• ;•.'! itron
source.

Three magnet tesl sections were made for a rusp
type ion source and a damped column accel electrode was
refaced with molybdenum.

A multiple rf sampling loop and associated
hardware were made for rf control and monitoring of the
Alvarez accelerator.

Several acrylic panels were made for mounting
high voltage meters and associated components of the
modular dc power supplies. Repairs v/era made to the drive
\ir,kc'.gs of the primary ac vacuum contactors for the four
main power supplies to correct wear effects on timing and
plunger tra* al. Spacer washers for high voltage varistor
assemblies and the end terminals of two capacitor
discharg_ damping resistors were nickel plated.

A non-destructive optical beam scanner was
assembled for the low energy Alvarez beam line. Com-
ponents fabricated included a four window vacuum chamber
and a mounting box to hold and align the four beam mirror
system.

A water-cooled copper jacket was fabricated and
expansion rolled into the Alvarez tank to test a new
method of drift tube mounting.

Flanges were fabricated to test the properties
of Mott seals in aluminum-tc-stainless steel vacuum joints.
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Modifications were made to the Faraday cup used
on the PINS accelerator.

Dielectric beads and post coupler tabs were
fabricated for bead pull measurements.

6.4.2 Electron Test Accelerator

As part of the program to measure the temperature
distribution in the WE&P furnace a number of brazes were
done on test samples throughout the volume. This enabled
brazing procedure for the final stacking and brazing of
the Model 5 tank to be established. The tank was
successfully brazed and is leak tight. All cooling
channels were attached and mechanical assembly of the tuners
enabled low power testing to begin. Quartz windows used to
transmit rf power from each accelerating cell were welded
and installed on conflat flanges. Five magnetic probes
for coupler field monitoring were also fabricated and
installed directly in the vacuum.

An aluminum cavity was made to enable design
information to be obtained for the copper buncher and some
small mechanical components were machined for mounting the
bipolar power supplies used in the beam transport.

6.4.3 Heavy-Ion Superconducting Cyclotron

Mild steel shiii'.r: Wf2re fabricated and installed
on the superconducting cyclotron flutter poles to increase
the "lidplane field at minimum and maximum pole radius.
Several trim rods were modified and jigs made to assist in
fitting the rods. An arm holding a single flip coil that
can be positioned between the superconducting coils along
a probe or injection hole was fabricated to measure the
cyclotron fringing field.

Various small components and tooling for the
cryostat inner wall modifications to accommodate the rf
accelerating structure were manufactured.

Coupling pieces to connect the center conductor
in the electrostatic deflector system to a support
insulator were fabricated and a high voltage cable
termination was refitted.

6.4.4 Reactor Physics

A special aluminum slide holder and steel slide
for a sample changer were fabricated to handle a larger
size of irradiated foils.
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An aluminum and wax cold neutron source
moderator was developed and fabricated for the ZED-II
reactor and two WRl - 21 element test end plates were
manufactured.

6.5 Publications, Reports, Papers, Lectures and Patents

Publications

INDEPENDENT CURRENT CONTROL IN THE COUPLED SUPERCONDUCTING
COILS OF A HEAVY-ION CYCLOTRON MAGNET
H.R. Schneider and C.R. Hoffmann
IEEE Transactions on Magnetics, MAG-17, 188 (1981).

Reports

COILS - A CODE TO CALCULATE THE MEDIAN PLANE AXIAL MAGNETIC
FIELD OF CURRENT CARRYING COILS OR UNIFORMLY
MAGNETIZED MATERIALS OF IRREGULAR SHAPE

E.A. Heighway
Atomic Energy of Canada Limited, Report AECL-7060
December 1980.

INITIAL FIELD MEASUREMENTS ON THE CHALK RIVER SUPERCONDUCTING
CYCLOTRON
J.H. Ormrod, K.C.D. Chan and J.H. Hill
Atomic Energy of Canada Limited, Report AECL-7161
December 1980.

EXPERIMENTS WITH BEAM POSITION SENSORS
K.C.D. Chan, R.T.F. Bird, M.F. Coulas, J. McKeown and
Y.M. Shin

DEVELOPMENTS IN NON-DESTRUCTIVE BEAM DIAGNOSTICS
J.S. Fraser

OVERVIEW OF SUPERCONDUCTING CYCLOTRON PROJECTS
J.H. Ormrod

INITIAL OPERATION OF A 100% DUTY FACTOR 3 MeV ALVAREZ LINAC
J. Ungrin, J.C. Brown, B.G. Chidley, G.E. McMichael and
S.O. Schriber

ACCELERATOR STRUCTURE DEVELOPMENT FOR ROOM TEMPERATURE
LINACS
S.O. Schriber

ACCELERATING STRUCTURE WITH ON-AXIS COUPLERS FOR ELECTRON
STORAGE RINGS
J. McKeown and S.O. Schriber
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BEAM, AN IMPROVED BEAM EXTRACTION AND ACCELERATION
MODELING CODE
M.R. Shubaly, R.A. Judd and P..W. Hairan

ANALYSIS OF THE DEUTERON DISTRIBUTION EMERGING PROM
THE FMIT RFQ
G.P. Boicourt, B.G. Chidley, K.R. Crandall, R.A. Jameson,
R.H. Stokes and T.P. Wangler

The above papers were presented at the 1981 Particle
Accelerator Conference, Washington, DC, 1981 March 11-13.

Lectures

THE ZEBRA PROGRAM
S.O. Schriber
Seminar presented at AT Division, Los Alamos Scientific
Laboratories, Los Alamos, New Mexico, 1981 February 11.

The lectures listed above may not be available in print.
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