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INTRODUCTION - J.C.D. Milton

This report covers the fourth serai-annual period since the Research
Company was reorganized. During this period the new research fellow
program reached its first goal: we now have eight research fellows on
staff, six fully funded by Physics and Health Sciences (P&HS), who are
invigorating all our programs. The planned expansion of the program will
depend critically on government funding of the Research Company in
88/89.

For some time now it has been the custom to give one or two topical
summaries in the Health Sciences Progress Report. This feature has now
been introduced in the Physics Progress Report.

The National Fusion Program is rapidly taking shape. The Tokamak de
Varennes is operating in a highly satisfactory manner and the agreement
with CCFM (Centre Canadien de Fusion Magnetique) is ready for signing
early in 1988. The Canadian Fusion Fuels Technology Project has
energetically and successfully promoted Canadian expertise and products
abroad. This sales effort has greatly aided negotiations to obtain
formal agreements for Canadian participation in ITER (a multi-national,
multi-billion dollar fusion reactor proposed for the early 21st century)
through two of the four principal partners, Europe and the United States.
(The other two are Japan and the USSR.) The negotiations are nearing a
successful conclusion and have major implications for Canada's economic
and technological future. A western Canada proposal for an inertial
confinement program based on a KrF laser is currently seeking appropriate
funding.

In condensed matter physics, major improvements were made in data taking
and analysis with the introduction of two multidetector arrays, and
computer programs that facilitate texture analysis from Bragg scattering
data. The availability of the NRU spectrometers continues to be high,
but Dualspec has fallen behind schedule because of difficulties in
obtaining the necessary design effort.

Eric Svensson has been elected a Fellow of the American Physical Society;
appropriately, a topical review of the work that brought him that honour
appears in Section 6.2.

Numerous technical problems have made the production of new beams from
the superconducting cyclotron difficult. Nevertheless university
participation is continuing to increase, now being at 57%. The tandem
availability was excellent, 95% of scheduled time. Much of this time was
put to good use by the 8-pi spectrometer and the ISOL. The 8-pi program
has concentrated on studies of super-deformation and has found some
evidence for a super-elongated state (axis ratio 3 to 1) in *8*Pt.
ISOL studies are tending to a new round of improving the accuracy of data
relating to the weak interaction, in particular the universality of CVC.
A topical summary of this subject appears in Section 1.2.



- 0-2 -

A highly successful event occurred at Chalk River in November. Called
Partnerships for Profit, it brought 85 senior executives of Canadian
business in contact with the Research Company's capabilities. Physics
and Health Sciences manned four booths: on cancer screening,
environmental protection, ANDI, and nuclear physics instrumentation.

Discussions with MOSST and other government departments were initiated on
the possible national laboratory role of some facilities in Physics and
Health Sciences.

Members of Physics and Health Sciences were active in a brief, "Beyond
the Technical Details", presented by SAPE (Society of AECL Professional
Employees) to a hearing of the Hare Commission on Nuclear Safety in
September 1987.
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1.1 GENERAL

The past six-month period is the fourth since the TASCC facility began
operation. It is also the fourth consecutive period that we hav^ been able
to boast of a substantial increase in available beam time for
experiments. Most of the increase came from tandem-only operation, however;
although cyclotron beam was available for more hours than ever before, the
improvement in its performance was not as great as we should have liked.

Overall, the tandem produced beam, either for experiments or development
purposes, for a total of 3611 hours, an increase of 615 hours over the
previous six months. This beam time was 95% of its scheduled operating time
and 82% of the total time. The cyclotron operated for a total of 833 hours,
of which 30% produced beam on target. Essentially all experiments were
collaborative efforts involving university as well as CRNL scientists, with
the former contributing 57% of the total laboratory research effort. This,
too, is a record high for TASCC.

The increase in experimental time has naturally led to a rich harvest of
experiments on both the Sir spectrometer, which received a total of 735 hours
of tandem beam, and the on-line isotope separator, which used 327 hours of
tandem and cyclotron beams. The former has yielded new results on the
production of superdeformed states and possible evidence for
super-elongation (a 3:1 nuclear axis ratio), while the latter has been used
to launch a program of direct nuclear-mass measurements with the separator
operating as a mass spectrometer, and has been used to complete a
high-precision lifetime measurement of 4 Sc, a superallowed 3 emitter
important in studies of the weak vector coupling constant.

The planned development of a cyclotron beam suitable for initiating our
heavy-ion reaction program unfortunately did not materialize. Although a
bromine beam was successfully accelerated to 20 MeV/u, attempts to extract
the beam were hampered by rf heating of the deflector, which prevented
prolonged tests under optimum conditions. A deflector shield is currently
being constructed to correct this obvious defect.

This is not the only facility improvement now underway. Beginning with the
new year, immediately after this reporting period, is a long-planned 6-raonth
shutdown for installation of the second phase of TASCC construction:
removal of the "interim" target beam line, and installation of beam lines
and associated equipment to four new target locations. At the same time,
new tubes are being installed in the tandem to upgrade its performance to 15
MV. This is the last major shutdown planned for TASCC; beam lines to the
remaining five target locations will be commissioned later without
interfering with TASCC operation.
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1.2 TOPICAL REVIEW - SUPERALLOWED BETA DECAY

A major program at the Chalk River tandem, and more recently at TASCC, has
been the measurement of ft_ values for 0 + •*• 0 + superallowed g decays. These
ft values, which quantify the transition intensities, are particularly
interesting for a surprising reason: they are nearly independent of nuclear
structure. Instead, they reflect the behaviour of tne weak interaction
itself, in particular of the vector current of that interaction since the
axial-vector component is strictly forbidden by the spin quantum numbers.

Because the weak vector current is believed to be conserved, measured
0 + -> 0+ ft_ values are expected to be the same (within small calculable
corrections) regardless of the nuclei involved. As the measurements' range
and precision have improved over the. years, they have provided an
increasingly demanding test of this fundamental conservation principle.
Once the test of constancy is passed at a particular level of precision, of
course, the results can then be used to extract the value of the vector
coupling constant and, through comparison with non-nuclear weak decays, to
establish values or limits for quark mixing elements.

In general, an f_t_ value depends on three measured quantities for a
particular 3 transition: its half life, end-point energy and branching
ratio. The final uncertainty must reflect the three individual experimental
uncertainties as well as the estimated uncertainty of the theoretical
corrections. Nevertheless, there are now eight superallowed emitters each
known to ±0.25% or better: u 0 , 2 6 mA£, 3VCA, 3&mK, ^ S c , '*6V, 5uMn and

Co.

Naturally, many laboratories in addition to Chalk River have contributed to
this field. The early work was surveyed in 1975 by Hardy and Towner (Nucl.
Phys. A254 (1975) 221) who showed that the measured _ft_ values agreed with
there being a Conserved Vector Current (CVC) but "That this agreement
depended upon the validity of calculated "radiative" and "charge-dependent"
corrections, which differed substantially from nucleus to nucleus. Since
the magnitude of these corrections is about 2% of the ft_ values, their
uncertainties only became significant when the experimental error bars
dropped below the \% level - the status by that time.

The Chalk River group, which had already produced a number of ft-value
measurements, then decided to focus on greatly improved precision through
life-time studies of isotope-separated samples and relative measurements of
end-point energies. The particular emphasis on relative precision was
motivated by the need to test the calculated corrections: if their
characteristic nucleus-to-nucleus variations could be verified by
experiment, this would go as far as possible towards substantiating the
absolute values of the corrections. Direct measurements of the corrections
alone are impossible since there are no correction-free transitions for
comparison.
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The energy measurements required an entirely new technique - developed here
- in which the Q3D spectrometer was used in conjunction with a target that
operated at voltages up to 150 kV. This arrangement functioned similarly to
a mass spectrometer in measuring the energy separation of a doublet of
triton peaks from two simultaneously-induced ( He,t) reactions (Koslowsky et_
al, Phys. Lett. 119B (1982) 57). Since the (3He,t) reaction is a "reverse
^-decay", the doublet separation could be directly related to a difference
of il+-decay end-point energies; an accuracy approaching ±100 eV was achieved
in the best cases.

In a parallel development, a New Zealand group (R.H. White et_ al̂ , Phys.
Lett. 105B (1981) 116) produced a precision absolute measurement of the 40
decay energy. This provided the unexpected benefit that the Chalk River
relative measurements of end-point energies, which included 4 0 , were
converted to absolute results at the same high level of precision.

At the same time, the group here was also developing an ISOL-based apparatus
for half-life measurements with a 4ir gas proportional counter. Their
results (see Koslowsky et_ jrl, Nucl. Phys. A405 (1983) 29; and section 3.1.3
of this report) have led to substantial improvements in measured half-lives,
particularly in the reduction of systematic uncertainties due to contaminent
activities.

Many of these improved results were incorporated in a summary to the 7th
International Conference on Atomic Masses and Fundamental Constants. There
it was also noted (I.S. Towner and J.C. Hardy, Conference Proceedings (1984)
564) that the jft_ values no longer agreed particularly well with one another
at their new level of precision. This could have signalled some problem
with CVC, but more likely indicated that the calculated corrections, which
were initially the targets of the improved measurements, were in fact
faulty.

The response was remarkable. The 0(Za ) radiative corrections, which had
been accepted for more than a decade, were quickly reevaluated and errors
found. After a flurry of reports, the new values (A. Sirlin, Phys. Rev. 35D
(1987) 3423) were established and then applied to experiment. All results
became consistent with one another, and the average corrected £t_ value was
determined to ±0.05%. This led to a very significant conclusion when
applied to the quark mixing elements: the decay measurements confirm CVC
and establish good agreement with the 3-generation Standard Model at the
level of its quantum corrections.

But still the push to higher precision goes on, testing the limits or. our
understanding of the weak interaction. The measurement described in section
3.1.3 of this report focusses on the half-life of Sc, which is currently
the most poorly known (at ±0.2%) experimental ingredient in the test just
described. More measurements to improve other half-lives are also being
planned.



1-4

1.3 RESEARCH

The 8T! spectrometer facility has received the greatest use during this
report period. The experimental program has emphasized studies relating to
superdeforiaation, through which some insight has been gained into the
mechanism by which such states are populated. Search for a band based on a
theoretically predicted super-elongated state in btiPt has identified a
v-ray sequence with the expected energy spacing but the analysis of the OSAM
lifetime data, which is needed to confirm a superdeformed band
interpretation, has still to be coraoleted. Comprehensive data sets have
been acquired which will yield detailed level-scheme information on nine
nuclei.

The ISOL experiments carried out in the period were made feasible by
technical advances that have been made in the operation of the He-jet
transport/ion-source system and through the development of appropriate
dedicated experimental-control/data-acquisition computer operating systems.
The former resulted in prolific production of 0.7s Sc, used in a half-life
measurement already described, and promising production of 0.3s Mn and
0.2s bl+Co. The latter led to a direct measurement of the ~ In mass
difference, for which ISOL was operated as a mass spectrometer. Earlier
work on the decays of light Ta and Gd isotopes has been analyzed and
interpreted.

A search has been made for resonances in the sum-energy spectrum of y-ray
pairs produced by positron annihilation in flight. No resonances have been
positively identified thus far.

An experiment is in preparation that will measure the angular distribution
of the astrophysically important C(a,y) 0 reaction.

Preliminary experiments on high-recoll-velocity blocking have been performed
and indicate that this technique should lower the limit on fission lifetimes
measureable by blocking from K10~ s to K10~ s.

Rutherford backscattering studies have been carried out in the liquid-solid
interface apparatus in search of radiation-enhanced deuterium diffusion into
Zr, Zr-2 and Ti. No enhancement was observed in these measurements.

A highly successful international conference on Nuclei far from Stability
was held at Cleveland's House, Rosseau Lake, Ontario and attracted 180
participants from 20 countries.
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1.4 INSTRUMENTATION AND FACILITY DEVELOPMENT

The efforts of the heavy-ion reactions group were directed largely toward
the planning of the "multidetector array for Reaction studies" (MARS)
facility. This is being proposed as a project jointly funded by NSERC
(Laval University, University of Toronto) and AECL. The NSERC proposal was
completed and submitted, and the AECL version is ready for submission to
outside referees. Work has been done on the manufacture and testing of
prototype detectors and on numerical simulation of the array response. The
group's experimental activity was curtailed by the unavailability of the
accelerator beams they required.

1.5 PHASE II

All planned preparatory work for the Phase II shutdown was completed, and
the shutdown itself began on 4 January 1988 as scheduled.

1.6 ACCELERATORS

The tandem accelerator operated very satisfactorily during the period,
producing beams for nuclear physics experiments at three interim target
locations. Operation was in the tandem-only (bypass) mode and in the
tandem-cyclotron mode as dictated by the nuclear physics and accelerator-
development programs. The tandem generator tank was opened on four
occasions, three of which were for scheduled replacement of stripper foils.
After more than 4000 hours of operation, there have been no signs of
deterioration of the new VIVIRAD column resistors. One experiment was
carried out at a terminal potential of 13 megavolts.

The cyclotron operated for a total of 833 hours during the period for
scheduled experiments and beam development tests. The lower pole was
lowered, both times for repairs to the high-voltage electrostatic
deflector.

The facility was shut down at the end of the period in preparation for

installation of Phase IT beam line and target facilities. During the
shutdown, the tandem will be upgraded to 15 megavolt operation with the
installation of new high-gradient accelerator tubes.
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Table 1.6.1

Tandem and Cyclotron Operating Record
1987

Use

Beam Available
Ream Development
Scheduled Shutdown
Unscheduled Shutdown

July 01 - December 31

Tandem

2688.9
921.8
605.7
199.6

a)
Time (hours)

Cyclotron

240.2
592.7

3116.3
466.8

a) Total time elapsed time, 4416 hours.

The cyclotron successfully delivered a previously-developed beam of I at
5.6 MeV./u. It also accelerated 9Br to 20 MeV/u, but no beam could be
extracted. A number of factors contributed to this difficulty, among them
the rf overheating of the deflector, some uncertainty in trim-rod zeros, and
the considerable change in parameters from the familiar iodine extraction.
Daring the shutdown, known problems will be corrected and future beams for
development will be selected so that more modest steps are taken from the
parameter values for known beams.

Despite difficulties with new beam development, the cyclotron achieved
routine 24-hour operation under normal operator control. This is a major
achievement in automation and operator training.
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Students

T.K. Delbert National Alberta terminated 87-08-25
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school credits and research experience to talented high school students.
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(1) On maternity leave.
(2) Temporary secretary to AVP, TASCC.
(3) Temporary branch secretary, 1987 Nov. 18 through 1988 Jan 5.
(4) Returned from maternity leave 1987 October 13.
(5) Temporary branch secretary, 1987 April 27 to 1987 October 13.
(6) Returned from sabbatical leave at Queen's University 1987 September 01.
(7) Visiting scientist (from the Institute of Modern Physics, Lanzhou, The

People's Republic of China).
(8) Attached from University of Manitoba, 1987 November 1 to December 23.
(9) Attached from the Deep River Science Academy, 1987 July 1 to

1987 August 31
(10) Visiting scientist, effective 1987 May 01.
(11) Visiting scientist, 1987 May 01 to 1987 October 01.
(12) Joined branch 1987 July 30; transferred to Advanced Materials Research

1987 November 1.
(13) Joined branch 1988 Jan. 11
(14) Temporary secretary, 1987 November 2 through 1988 January 8.
(15) Joined branch 1988 January 4.
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3.1 RESEARCH

3.1.1 Search foi Positron-Electron Annihilation Resonances in the MeV
Region

T.K. Alexander with H.C. Evans, J.R. Leslie, H.-B. Mak, W. McLatchie,
P. Skensved and A.T. Stewart (Queen's University)

The collision of positrons and electrons at energies of a few MeV gives rise
to Bhabha scattering, annihilation in flight with the emission of y rays,
and related QED phenomena. The cross sections for these processes have been
studied in the past, but the possibility of observable resonances in the
cross sections has been suggested only recently by the anomalous positron
peaks observed in heavy-ion collision experiments at GSI (see T. Cowan et
al., Phys. Rev. Lett. _56_ (1986) 444 and H. Tsertos et al., Zeitschrift fur
Physik A - Atomic Nuclei 326 (1986) 235). These experiments imply that the
peaks arise from the two-body decay of a new neutral "object" XU-*e+e~,
with excited states corresponding to invariant masses in the 1.5 to 1.85 MeV
region (see J. Reinhardt et al., Zeitschrift fur Physik A - Atomic Nuclei
327 (1987) 367 and references therein). The theoretical interpretations of
the peaks are controversial, e.g. one calculation predicts a bound e+e~
state with a radius of a few fm held together by a dominant magnetic
interaction (see C.-Y. Wong and R.L. Becker, Phys. Lett. 182B (1986) 251).

If these ideas are correct, the. resonances should be formed in energetic
positron-electron collisions. Several laboratories have begun such
experiments and two reports have been published (see K. Maier et al.,
Zeitschrift fur Physik - Atomic Nuclei 326 (1987) 527 and U. von Wimmersperg
et al., Phys. Rev. Lett. _59_ (1987) 266). We have begun to investigate these
phenomena in a different way by looking for possible two-photon decay. We
have measured the excitation function for annihilation in flight,
e+e~+2y, in the invariant mass range =1.2 to =2.1 MeV. A source of
positrons with kinetic energies in a suitable energy range was obtained from
pair production in a Ge target by 6.13 MeV y rays. A beam of 6.13 MeV y
rays was produced by collimating the y rays from the F(p,ay) 0 reaction
at a bombarding energy of 1.37 MeV. The Ge target was an active Ge
detector. This target detector, D Q , was operated in triple-coincidence with
two other Ge detectors, D1 and T)2, placed at ±41° with respect to the y-ray
boam. The latter were shielded from direct 6.13 MeV radiation by a lead
collimator and from each other by HEVIMET absorbers. The triple-coincidence
events, consisting of the pulse height in each detector and the TAC
spectrum between DQ and D^, were written on magnetic tape event-by-event for
later detailed analysis.

From these data, the triple coincidence yield as a function of the sura
energy Ey(Di)+Ey(T>2) was obtained. Only events with energy greater than
511 keV in each detector and which sum (T>Q+T>i+V2) to 6130±37 keV have been
selected from the data. The latter restraint removes events in the Compton
distributions of Dj and D 2 and any other events that are degraded in
energy. The resulting spectrum is dominated by two-quantum annihilation
events and since EY(Di)+Ey.(D2)=l/2mx

2, where n^ is the total energy
in the collision system, we essentially have the excitation function for the
e+e~->-2y reaction. A sharp resonance in the cross section would lead to
a peak with a width determined by the momentum distribution of the electrons
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in the Ce target. For the least bound electrons, a width of 20 keV has been
calculated (see J. Reinhardt et al. Zeitschrift fur Physik A - Atomic Nuclei
327 (1987) 367 and references therein).

The overall shape of the experimental spectrum is in agreement with the
estimated yield from the annihilation-in-flight cross section. A Monte
Carlo calculation of the spectrum is in progress for comparison with
experiment. There appears to be possible sharp peaks in the spectrum also,
but the deviations from the average do not exceed three standard deviations
at present. Further experiments will be performed to obtain better
statistical accuracy.

3.1.2 Measurements of the iZC(q,Y)160 Cross Section at Low Energy

tf.C. Evans, H.W. Lee, J.R. Leslie, J.D. MacArthur, W. McLatchie,
H.-B. Mak, P. Skensved and .T.M.L Ouellet (Queen's University) with
T.K. Alexander

Preparations for the measurement of the angular distribution of the
astrophysically important C(a,y)lfeO reaction has continued over the past
year at Queen's University (see H.E. Evans et al., report on Research in
Nuclear Physics at Queen's University, CU_ J.R. Leslie, ed. (1986)). The
experimental set up is now complete and ready for measurement of the angular
distributions. , Investigations of targets implanted with doses up to 1x10
atoms/cm^ of C have been carried out and tests on targets with 3x10
atom/cm are planned in the immediate future. The targets are made at
McMaster University by implanting 110 keV C ions into a gold layer vacuum
evaporated onto copper. Tests on the background suppression and target
purity have shown that a total cross section of 1 nb can be measured to an
accuracy of 10% in one week.

3.1.3 Precise Measurement of the 'f2Sc Half-Life and T.SOL Yield Measurements

for the Superallowed 3-Emitters: 't6V, 50Hn and 51*Co

V.T. Koslowsky, X.J. Sun (Institute of Modern Physics, The People's
Republic of China), E. Hagberg, J.C. Hardy, H. Schmeing, W.L. Perry,
M.J. Watson with G. Dyck and K.S. Sharma (University of Manitoba)

After a significant number of preparations (see PR-PHS-P-4: 3.2.2;
AECL-9680) a five-day run was devoted to measuring precisely the half-life
of the superallowed 3 emitter k S c Technical improvements in the ISOL
ion-source and improved radiation shielding around the target chamber
enabled us to produce at least ten times more Sc than expected from an
earlier test run. Proton beam currents from the Tandem Accelerator
approached 6 JJA and the internal temperature of the ISOL ion-source reached
about 2100°K in the vicinity of the entrance aperture of the source.
However, because these severe ion-source operating conditions shortened the
source lifetime, only two of the five days could be used for data
acquisition.
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The experimental method involved repeating the following sequence:
1) irradiate 15 enriched l*ZCa targets with a 6 JJA, 15 MeV proton beam for
1.5 s; 2) continuously flush the reaction products caught in the gas-filled
target chamber through a 8 m long capillary to the ISOL; 3) implant a
mass-42 beam from the separator into an aluminized mylar tape for 1.5 s;
4) quickly move the implanted sample into a 4ir continuous-flow gas
proportional counter; 5) measure the counting rate as a function of time and
6) store the decay-curve data on magnetic tape. Since the proton beam as
well as the ISOL mass-42 beam were pulsed, the undesirable 60 s component
from + Z mSc was reduced to a rate of 1% of the '4"8Sc component, measured
at the beginning of each decay curve. Data were acquired under various
well-controlled electronic conditions.

Analysis is In progress. The analysis procedure begins by reading the data
from the magnetic tape cycle by cycle and rejecting those decay curves that
show the presence of electronic noise bursts, which may have occurred from
ISOL high-voltage sparking or sporadic noise from the liquid-nitrogen
control valves. It also rejects low yield decay curves. A total of about
3000 cycles out of 3600 were accepted for analysis. These account for 40
million 4 /Sc events. The initial counting rate varied from run to run and
ranged between 7 kHz and 31 kHz.

It is intended that a number of analysis procedures be used. The half-life
value appears to be independent of whether each cycle is separately analyzed
with the resulting half-life values averaged, or if all cycles within a run
are summed and the half-life values from each run are averaged. The derived
value should be independent of the analysis technique used if no bias exists
in these procedures. Our tentative value of the '*"8Sc half-life is
679.76±0.25 ms.

In a subsequent 12-hour period, the production rates of three other
isotopically-separated superallowed ,3 emitters were measured. The results
indicated that, under optimized conditions (such as a full complement of 15
targets), more than 1000 (J events could be observed in each sample of either
Mn or Co. These rates are sufficient for high-precision lifetime

measurements. The production rate of '* DV was less than 10 atoms/s, not
enough to warrant a half-life measurement unless further improvements in the
ion source, such as higher operating temperature and increased reliability
are made. It is anticipated that this experimental program will continue
after completion of TASCC Phase IIA.

3.1.4 Direct Mass Measurements with the ISOL

E. Hagberg, J. Whitlock, R. Roiha (Mathematics and Computation
Branch), H. Schmeing, V.T. Koslowsky, J.C. Hardy and X.J., Sun
(Institute of Modern Physics, The People's Republic of China) with
K.S. Sharma, G.R. Dyck and D. Townsley (University of Manitoba)

The basic software for data acquisition/ISOL control during direct mass
measurement experiments is completed. The control section of this major
computer program was written and tested off-line with the ISOL. This
section was then merged with the appropriate parts of the standard TASCC
data-scanner acquisition program. The merged program was tested and
debugged off-line with the use of standard 7-ray sources.
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Significant progress was also made on the analysis software- The program
that processes the stored data from an experiment was changed to read
primary data from magnetic tape instead of from disc (PR-PHS-P-3: 3.2.2;
AECL-9503). Another program that will calculate centroids and mass
differences from the processed data is almost complete. This program has
been tested with artificial data and all that remains to be done is to make
it automatically analyse large amounts of processed data without user
intervention.

A first experiment on the l +In~ °In mass difference was performed in order
to test fully the new direct-mass-measurement system under realistic
experimental conditions. The two indium isotopes were produced in reactions
between an 85 MeV 0 beam and an enriched Mo target and they were brought
into the ISOL by the He-jet coupled ion source. A Ge(Li) detector at the
end of the separator beam-transport line was used to determine the intensity
of the mass-separated sample.

This first experiment was very successful. The complex, new
acquisition/control software performed its tasks without errors. Data were
collected in batches and stored on magnetic tape; each batch was also
analysed on-line. The results of the analysis were written into the CAMAC
hlstogramming memories where they could be viewed with the on-line display
and used for diagnostic purposes. The CAMAC control of the ISOL accelerator
voltage and beam interrupt, the accelerator beam interrupt, the tape
transport system, the acquisition automatics and seven sealer channels also
worked according to our specifications. The value of the ISOL acceleration
voltage and all the sealer readings were successfully read out via CAMAC
and, together with two other software-generated parameters, merged into the
Ge(Li) data stream.

As a result of our experiences during this run, several minor software
changes have been proposed. These changes are not corrections of errors but
their purpose is instead to improve our data-collection efficiency, reduce
systematic errors, improve sensitivity of on-line analysis and to make the
software more transparent to the user.

The mass of In is well known. The mass of In has been measured by two
different groups but mass evaluators dispute the results of both groups.
Our data on the In" In mass difference still remains to be analyzed-
We do not expect a sufficiently precise value from our short, first
experiment to resolve this dispute on the niass of In. We do plan to
conduct a full- scale experiment on the ^In" In mass difference once
beams from the accelerators are available again.

3.1.5 Detailed Level-Scheme Studies With the 8n Spectrometer

D. Ward, H.R. Andrews, D.C. Radford with J.C. Waddington,
J. Johansson and D. Tucker (McMaster University), P. Taras,
S. Pilotte, S. Cournoyer, S. Flibotte, D. Thibault, S. Monaro,
N. Nadon and D. Prevost (Universite de Montreal)

Over the course of a year, we have built up a sizable inventory of high-
quality, high-statistical-accuracy data suitable for detailed level-scherae
studies. Even restricting the set to the highest-spin channel in each
reaction, and to experiments with greater than 100x10 double HPGe
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coincidence events, it represents a formidable body of data. The cases
meeting these criteria include, the following nuclei: 1 Z bBa, 1 3 3Pr, 131*Nd,
ll*uSm, 141tGd, ll+6Gd, lit9Gd, 153Ho and i 5 /Ho. In all cases the data have
been played back into 4kx4k HPGe coincidence matrices with appropriate
(total energy, H and fold, K) gating on the BGO ball. However, beyond
taking a first look at the band structure, little detailed analysis has been
attempted. We expect that during the course of the Phase II shutdown the
rate of analysis will increase, particularly as we have now duplicated the
analysis programs at the Universite de Montreal and at McMaster University.

3.1.6 Decays of Neutron-Deficient Gadolinium Isotopes

E. Hagberg, V.T. Koslowsky, J.C. Hardy, H. Schraeing and X.J. Sun with
R. Turcotte, H. Dautet, S.K. Mark and N. de Takacsy (McGill
University)

The playback and sorting of data obtained in our experiments on the decays
of r40»1'4lGd (PR-PIIS-P-3: 3.1.6; AECL-9503) are now finished. Level
schemes have been constructed for iLt0,i Eu and spins and parities have
been assigned to many of these levels. The intensities of 3-decay branches
from > Gd have been determined and log ft values deduced.

Extensive work on theoretical model predictions of the properties of
nuclides in the region close to the proposed Z=64, N=82 double shell closure
has been finished. The models predict very well the properties of N=76
Lsotones. They were all found to have a consistent prolate deformation.
The same situation is found for most of the N=78 isotones. However, the
interpretation of experimental data from N=78 isotones close to Z=64
deviates from this trend. Our new data for e1jtlEu78, the daughter of i 4 lGd,
can be fitted with either oblate or prolate shapes. This nucleus appears to
be { soft with most evidence pointing to an oblate deformation. Nuclei
close to Gd therefore appear to be in a transitional region between well
defined prolate shapes and oblate shapes. However, there is no indication
of a preference for spherical shapes.

The odd-N isotones exhibit a similar picture. The N=77 isotones are all
consistently prolate whereas the ones with N=79 and 81 become y soft close
to Z=64.

Our main conclusion on the possible Z=64, N=82 double shell closure is that
it is very weak at most, and that there is no solid evidence for it outside
the 1 4 bGd nucleus.

These studies form a major part of the PhD. thesis of R. Turcotte, which
is almost complete. Our findings were presented as a poster during the
Fifth International Conference on Nuclei far from Stability and they will
also appear in the Conference proceedings.
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3.1.7 Unsuccessful Searches for Superdeforroed Bands of Discrete Transitions

D.C. Radford, H.R. Andrews, D. Horn and D. Ward with B. Haas,
P. Taras, S. Pilotte, S. Flibotte, J. Gascon, F. Banville, N. Nadon,
and 0. Prevost (Universite de Montreal), J.C. Uaddington,
J. Johansson and D. Tucker (McMaster University) and C. St. Pierre
(Laval University)

Unsuccessful searches for discrete-line superdeformed bands in the
rare-earth region made with the 8TT spectrometer are summarized in Table
3.1.7.1. For comparison, the discrete-line superdeformed band in Gd was
unmistakable at -45x10 3 double events.

Summary

Target Reaction

1 2 l iSn( 3 /Cl,4n)t

I'dOSn(2':3Si,5n)t

Sn(- ySi,5n)

Table 3.1.7.1

of Reactions Studied for Discrete-Line

Mucleus

11+ltGd

1 4 8Gd

Superdeformed Bands

Bombarding HPGe
Energy (MeV)

165,173

151

147

Double Events
(xlOb)

70,120

125

180

t with isomer tag

The fGd case is interesting in that all calculations indicate that the
nucleus should have a deep, stable second minimum in the potential for a 2:1
axis ratio. In the present data, we could find no evidence for ridge
structure in the Ey-Ey correlation matrix.

The Ho case showed weak and poorly defined ridges in the Ey-Ey
correlation matrix; however, the data were unconvincing and there were an
unusually large number of relatively intense discrete lines of high energy
that made it difficult to take reliable projections along the ridges.

In ^ Gd, we observed a rather weak ridge at the expected superdeformed
spacing; however, initial analysis failed to reveal any convincing discrete-
line structure. The Berkeley group has seen a cascade of discrete lines in
this nucleus with the expected high moment of inertia in the same reaction
but at higher bombarding energy (151 MeV) [private communication]. A
re-examination of our data in the light of their results confirms that the
same sequence was in fact present in our data, albeit very weakly and masked
by much stronger lines.

It is difficult to make objective statements about the detection limits set
in the spectroscopy of these very weakly populated bands. Since the known
band in Gd is populated with about 1.5% probability then, on the basis of
counting statistics, we could argue that in the three nuclei considered here
the population is less than about 0.5%. However, the extrapolation on which
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this statement is based assumes that i) the band transitions have a nearly
constant energy spacing (otherwise they would not be recognized) and ii) some
of the band members fall in spectral regions relatively free of stronger
transitions at the same energy.

The present results should provide valuable input to understanding why
observable discrete-line superdeformed bands are a relatively rare
occurrence considering the number of nuclei predicted to exhibit
superdeformation and the intense searches going on in this and other
laboratories.

1 u 9
3.1.8 Studies of Feeding to the Superdeformed Band in Gd

R. Haas, P. Taras, S. Pilotte, S. Flibotte, J. Gascon, F. Banville,
S. Cournoyer, D. Thtbault, S. Monaro, N. Nadon and D. Prevost
(Universite de Momreal), J.C. Waddington, J. Johansson and T). Tucker
(McMaster University), with 11.R. Andrews, G.C. Ball, D. Horn,
D.C. Radford, and D. Ward

A series of experiments to elucidate the feeding mechanism of superdeformed
bands was carried out with the 8TT spectrometer. The Gd case was used
throughout.

Projectile and Channel Dependence

That the band in 4 Gd was discovered originally in the reaction ( Si,5n)
already resolved the speculation that superdeformed bands could only be
populated by reactions of neutron rich and moderately heavy projectiles,
e.g. (+JCa,4n). At that time, the evidence concerning the only known case,
* J'~r<y, pointed to a much weaker population even in going from ( Ca,4n) to
(JAr,4n) reactions. At the same time? the absence of a discrete-line band
in the (j0Si,4n) channel leading to 150Gd raised further questions. To test
whether the reaction channel was important, an experiment to populate the
superde formed band in ii+yGd by a (i;ySi,4n) reaction at approximately the same
Lnpi.tt angular momentum was carried out. The superdeformed band was not
detectable in this experiment and, although a final analysis has not been
completed, a preliminary analysis gives a population down by a factor of 3 or
4 relative to the (3USi,5n) reaction (expressing in both cases the population
.-is a fraction of the "normal" high spin states).

These facts can be understood qualitatively if we suppose that a necessary
criterion for populating the band is that there be a reasonable probability
of finding entry statest of low-excitation energy relative to the yrast line
at spins above where the superdeformed states are yrast, generally estimated
to be around 5f)fi and above in ilt9Gd and Dy. Although it would be
desirable to do a full statistical-model calculation, the entry-state-energy
centroids can be estimated very simply from Q-values and by assuming an
average neutron kinetic energy. In this way, we find that in the ( Si,4n)
reaction the criterion can never be met at any bombarding energy since the
estimated centroid of the entry population always lies 5-10 MeV above the

t entry state means the final state after neutron evaporation at the head
of the gamma-ray cascade
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superdeformed yrast state. On the other hand, the ( USi,5n) reaction leads
to entry states very close to the superdeformed yrast state at spins above
6O& for bombarding energies in the range 145-150 MeV.

The success of the (+Ca,4n) reaction can also be understood in this frame-
work since, for this neutron-rich projectile, the Q-values are such that the
criterion can be met in the 4n channel. Of the four known cases of
discrete-line superdeformed bands, i.e., ibZDy, ilHGd, ittbGd and l;>1Dy, the
last three were produced in 5n channels. The exact role of temperature in
determining the feeding intensity requires further experiment and
calculation. Calculations show that the depth of the second minimum in the
nuclear potential is temperature dependent, and since the probability of
trapping the nucleus in a superdeformed shape depends critically on the well
depth, the trapping probability must depend sharply on temperature.

Multiplicity, Total Energy and High Energy Y~Kay Spectra Associated with the
Population of Superdeformed States

The data stream to tape for most 8Tt-spectrometer experiments comprises only
Compton-suppressed HPGe for double and multiple coincidences (energies and
times), tagged with the fold, K, total energy H, and detector hit pattern in
the BGO ball. In these experiments to study the production of superdeformed
states we augmented the data stream to include (per event) either all BGO
energies and times or those energies exceeding 2.5 MeV. During analysis, we
could project the BGO ball parameters selected either on a specific
full-energy peak., or on full-energy-peak, coincidences registered in the HPGe
array.

Results for the entry-state centroids in (H,K) projected from strong dis-
crete lines at high spin, show the usual fractionation between the 4, 5, and
6n channels in the reaction 30Si + 124Sn at 150 MeV. The entry region
feeding the superdeformed states in Gd (5n channel) lies somewhat higher
in K, i.e. spin, than that for the "normal" states in Gd: 21.4 versus
19.7; however, it is not much higher in energy. This confirms the idea of
low-temperature feeding. The differences in the spin-centroids could be
considerably greater than that for the K centroids since the superdeformed
cascade probably contains a higher proportion of stretched E2 transitions
than does the cascade through normal states.

The projected energy spectra of individual BGO detectors associated with the
4, 5, and 6n channels show characteristic exponential tails from 3 to 10 MeV
with pronounced bumps associated with decays of giant dipole resonance (GDR)
states centered around 15 MeV. Although no detailed analysis of these
results has been attempted, the systematic weakening of the GDR bump going
from the 4n through the 6n channels is obvious in the raw data and an
encouraging sign that the 8n spectrometer could be well-suited to GDR
studies. There are no marked differences in the slopes of the exponential
tails in the 4, 5, and 6n channels, indicating that the entry-state
centroids are at approximately the same temperatures. However, the BGO
energy spectrum in coincidence with superdeformed-band transitions shows an
appreciably steeper slope indicating a lower temperature at the entry point.
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Qualitatively, the energy spectrum associated with the discrete-line
superdeforraed band is identical to those of the normal states in the 5n
channel and differs only by the slope of the exponential tail. This is in
marked contrast with the calculations of Herskind et al. [e.g. Enrico Fermi
Proc Varenna, 1987 June] which predict a qualitatively different spectrum.
The main reason for differences between the normal and superdeformed-band
spectra in these calculations follows from the behaviour of GDR states built
on superdef ormed states which are predicted to have a very low energy
component (=8 MeV) on account of the large splitting of the GDR due to
deformation with a 2:1 axis ratio. The spreading of the collective dipole
strength of this low-energy component then leads to a large enhancement of
El transitions between superdeformed states. This allows the super-deformed
nucleus to cool rapidly to the yrast line, whereas the path through normal
states tends to run well above the yrast line and not concentrate
into one band until much lower spins. The apparent failure of these
calculations to reproduce the data is surprising since some such mechanism
should occur. One possible explanation is that the spreading of the GDR is
not Lorentzian as assumed. Leander has emphasized this point in a recent
preprint (submitted to Phys. Rev. C_ 1987); however, no predicted spectra
were given.

Excitation Functions

Excitation functions leading to the superdeformed band in Gd, and for the
4, 5, and 6n channels, were measured for the reaction Sn + Si at bom-
barding energies 140, 145, 150, 155 and 160 MeV. At each energy, the (H,K)
ccn.troids have been evaluated together with the population ratio of the dis-
crete states to the 'normal' states. The population (in percent) ratios of
the superdeformed states to the normal states are (1.4±0.2), (1.9±0.2) and
(1.8±0.4) for 150, 155 and 160 MeV. It dropped to (0.9±2.1) at 145 MeV and
to (0.3±0.1) at 140 MeV. The (H,K) centroids rise smoothly with increasing
bombarding energy and those for the superdeforraed states track with those of
the normal states throughout the range of bombarding energies. They lie
midway between the 4n and 5n channels in K and very slightly above the 5n
channel in H. Further data at higher energies (to be made possible by the
Tandem Accelerator upgrade now in progress) will be needed to
characterize fully the temperature dependence of the population of
superdeformed states.

3.1.9 Decays of l b 0~ 1 6 3Ta

E. Hagberg, X.J. Sun (Institute of Modern Physics, The People's
Republic of China), V.T. Koslowsky, H. Schraeing, and J.C. Hardy

The analysis of an experiment with 540-710 MeV l/l incident on a natural
calcium target (PR-PHS-P-3: 3.1.9; AECL-9503) continued with special
emphasis on the decay of 1 6 3Ta. The most intense, well known y rays from
this nuclide were found to be contaminated by y rays of similar energies
from the decays of 1 & 0> 1 6 1Lu and 161>Ta produced in the same reaction.
However, the weak 449 keV, 451 keV, 627 keV and 712 keV y rays from 163Ta
were found to be pure and the sum of their intensities, corrected for
detector efficiency, was used to determine an excitation function for
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" Ta. The very good agreement between this excitation function,
established for lt/JTa { rays, and that of the 4635±8 keV u group leads to an
unambiguous assignment of this u group to Ta, especially since our
measured half-life of this a group, IO±2 s, agrees with the value already
known for Ta but not with anv other mass-163 activity.

The masses of L °'! »! ' JTa have been deduced from our assignment of the
A892--6 keV and 4635 !:8 keV *< groups to these two isotopes, respectively. In
addition, we have deduced the masses of seven other nuclides in their
i-decay chains based on previously published .x-decay data. Three of these
nuclides mTl, * JAu and L ' Ir were found to have proton separation
energies less than 7.ero, L ' ;lTnTl by as much as -166O±13O keV.

An invited talk on our studies of the decays of ''•> Ta was presented at
the Fifth International Conference on Nuclei far from Stability and a paper
on tiiis subject will he published In the conference proceedings.

A second cyclotron experiment on the decays of >J~ Ta was performed. The
same reactions as in the first experiment (PR-PHS-P-2: 3.1.7; AECL-9351)
wero used but this time the reaction products were analyzed by the on-line
isotope separator. We thus expected pure samples, but also significantly
lower yields. Unfortunately, this trade-off between purity and yield did
not pay off in this case since the ISOL efficiency for the very difficult
element Ta was so low that no activities were observed.

3.1.10 Spactroscopy of tfc^P_I

L.L. Riedinger, V. Janzen and M. Carpenter (University of Tennessee,
Knoxville), J.C. Waddington, -I. Johansson, D. Rajnauth and D. Tucker
(McMaster University), S. Monaro, S. Pilotte, N. Nadon and n. Prevost
(Universite de Montreal), B. Haas, P. Taras, S. Flibotte,
F. Banville, S. Cornoyer, D. Thibault and J. Gascon (Universite de
Montreal) with D.C. Radford, H.R. Andrews and D. Ward

In i first experiment, gamma radiation accompanying the reactions of a
151 MeV *"*Si beam bombarding a stacked °°Gd target (two self-supporting
foils of 0.75 and 0.60 mg cn~l) was studied with the 8n spectrometer. The
nucleus L"'" Pt was produced in the 5n channel. About 110 million double HPGe
events were recorded above a fold trigger set at K ^ S in the BGO ball. In

a second experiment, a gold-backed target of Gd (0.8 mg cm ) was
bombarded with the same beam, and about 250 million events above a fold
trigger K > 10 were recorded.

From a preliminary look at the unbacked-target data, we were able to extend
the known bands in lHPt [M.P. Carpenter, private communication, Univ. of
Tennessee, Knoxville] to higher spin; e.g. the most strongly populated
negative parity band was observed to spin 37" (previously known to spin
31-).

These data also showed a new cascade sequence of stretched E2 transitions
with the following energies (within ±1 keV): 608, 636, 667, 699, 729 and 765
keV. The sequence feeds the yrast line at or about spin 18+ but its low
intensity (»2% of the 2+->-0+ transition intensity) precludes observing the
connecting transitions at the present counting statistics. The interest in
the sequence centers on the close spacing of its members.
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A stable super-elongated shape with a 3:1 axis ratio has been predicted to
occur above spin 50 in lH+Pt [J. Dudek, private communication, Univ. of
Tennessee, Knoxville] with a moment of inertia for rigid rotation
corresponding to a transition-energy spacing of about 30 keV. However,
rotational-alignment processes occurring in normal shapes can perturb the
energy spacings sufficiently to simulate a high moment of inertia over the
range of several band members. To distinguish these two effects
experimentally, we performed the second experiment to measure lifetimes for
(Me sequence by DSAJ-f. The analysis of this experiment is in progress.

3.1.11 Search for Superdcformed Bands in i*JPt and ^'"Pt

S. Monaro, N. Nadon, 0. Prevost, F. Banville, S. FILbotte, J. Gascon,
S. Pilottu, P. Taras (UniversLte de Montreal), J.K. Johansson,
J.C. Waddi.ugton (McMaster University) with H.R. Andrews, D.C. Radford

and D. Ward

High-spin states in l o' J, l b bp t have been populated with the L'jUGd (^Si.xn)
reactions at 150 MeV, in an experiment performed in 1987 August-September to
search for superdeforraed bands in these nuclei. Two stacked self-supporting
foils, each approximately 600 ;i°/crf~ thick, were used as a target. Approxi-
mately 15x10' gamma-gamma coincidence events from the 8;r spectrometer were
recorded. Preliminary results indicate that we are able to extend the known
yc-i-iK hand of " Pt to J=59/2. Further analysis of the results is in

3.1.1?. !'igh Recoil Velocity Blocking Lifetime Measurements

.i.S. Porster, T.K. Alexander, G.C. Ball, V.G. Davies, E. Hagberg
with A. Galindo-Uribarri (University of Toronto), J.U. Andersen and
K. L.iejjsgaard (Aarhus University)

The crystal-blocking technique for measurement of nuclear lifetimes in the
ran^e :<10~l:'s has provided valuable insight into the time evolution of
heavy-ion-induced fission (J.U. Andersen et al., K. Dan. Vidensk. Selsk.
Mat. Fys. Medd. j40_ (1980) no. 7). In such work it has been traditional to
use li.ght ions, e.g. C, 0, F, to bombard heavy crystal targets, e.g. Ta, W,
An. In the crystal-blocking technique, one determines the product vx and,
since the compound nucleus velocities are relatively small, the lifetimes
uhio.h can be measured are limited to i>10~ 's.

'•)e have attempted to extend these measurements to shorter lifetimes by
bombarding n Ge crystal with a beam of il'\ ions from the TASCC facility.
The compound nuclei found in these reactions have recoil velocities about an
order of magnitude greater than those produced by light-ion reactions. Such
large velocities allow lifetime values of T > 1 0 ~ 1 M S to be measured.

A further advantage of this type of measurement is that the fission
fragments emitted from high-velocity compound nuclei are directed in the
forward direction. Consequently, for the right combination of projectile
energy with projectile and target masses, it is possible for the binary
fission fragments to be directed along two major crystal axes
simultaneously. This "double alignment" coincidence technique allows
further constraints on the crystal blocking technique; if one sets a window
on fission fragments within the channeling critical angle along one axis and
looks at the distribution of fission fragments along the other axis, the
iieriitivity to Long-lived compound nuclei is greatly increased.
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We have attempted such measurements with two different geometries. A
5000 A thick Ge crystal with a <100> axis normal to the surface was used in
both cases. Tn the first measurement, the <100> axis was directed at a
2-ciimensional position-sensitive detector centred at 14° on one side of the
beam and the crystal rotated such that a <112> axis pointed at a second
2-dimensional detector centred at 21° on the other side of the beam (there
are <100> and <112> axes 35.26° apart). The 5.6 MeV/u il/l beam from the
cyclotron was reduced in energy to 630 MeV by an Al foil placed directly
before the crystal.

Tn the second measurement, the two detectors were centred at 33° on either
•side of the beam, and, again, <100> and <112> axes were used (there are also
<100> and <112> axes separated by 65.90°). In this case, the beam energy
was reduced to 580 MeV by an Al foil.

The geometries and beam energies for the two cases described above were
chosen so that fission fragments would be directed along the two axes for
J / /I bombardment of 7 zGe. The first case (630 MeV) corresponds to 74.8 MeV
excitation in the compound nucleus while the second case (580 MeV)
corresponds to 56.7 MeV.

The elastic-scattering data allowed us to determine that our 2-dimensional
position-sensitive detectors had adequate spatial resolution for these
experiments where the critical angles, i^, are of the order of 0.25°.
Unfortunately, low beam intensity prevented us from making definitive
blocking iifetirne measurements. The present data indicate that the
measurements require at least 2 pnA of T beam for four days.

3.1.13 Backscattering Studies of the Liquid-Solid Interface With Thin Zr,
Zr-2 and Ti Foils

J.S. Forster, D. Phillips, T.K. Alexander with J. Gulens (General
Chemistry Branch), R.L. Tapping (System Chemistry and Materials
•Branch), J.R. Leslie and T. Laursen (Queen's University)

The cell constructed for liquid-solid interface studies (PR-PKS-P-3: 3.1.13;
AftCL-9503) has been used to see if there is radiation-enhanced diffusion of
deuterium into foils of Zr, Zircaloy (Zr-2) and Ti. The foil thicknesses,
as determined by Rutherford backscattering of 3.0 MeV protons, were 1.5 urn,
1.7 |jm and 1.35 um for Zr, Zr-2 and Ti, respectively.

For each foil, the cell was filled, in turn, with solutions of lO"4 M LiOD
in V)z0, lO"

1* M LiOD + 10"1 M LiNO-s in D,_0 and 10"1 M LiOD in D20; the cell
v;as then filled, in turn, with the same solutions but substituting K for
Li. These solutions are simulations of the CANDU coolant under normal and
crevice corrosion conditions, respectively, and cover part of the range of
interest in zirconium hydriding in-reactor. For each window and each of the
six solutions (18 combinations in total) the cell was bombarded with 1.3 MeV
He to look for deuterium ingress via the He + d -»• p + He reaction. The
energy of 1.3 MeV was chosen in order to maximize the sensitivity of the
3He + d reaction at the liquid-solid interface.

No ingress of deuterium at < 2 at. % level of the host was observed into the
three foils. This may confirm the protective nature of thin oxide films to
hydrogen permeation.
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From the proton backscattering measurements, it was also possible to
determine the bulk oxygen content. For the three foils used, the values
were 3.0 at. %, 0.15 at. % and 1.0 at. % for Zr, Zr-2 and Ti, respectively.

3.1.14 Fifth International Conference on Nuclei far from Stability

J.C. Hardy, H. Schmeing, E. Hagberg and V.T. Koslowsky with
I.S. Towner (Theoretical Physics Branch)

The Fifth International Conference on Nuclei far from Stability was held
from September 14 to 19 at Clevelands House on Rosseau Lake, 200 km north of
Toronto. The conference, which was attended by 180 scientists from 20
countries, was orsanized by the authors of this report. Sixty-five papers
were present«d orally in a 3 5-hour program spread over five and a half days;
more than fifty posters were also displayed and described at a special
session for that purpose. Subjects covered were: nuclear masses, moments
and radii; spectroscopy of exotic nuclei; astrophysics; fission; Gamow-
Teller strength; particle decay and heavy-element synthesis.

This was the first in this series of conferences, held every five years, to
be hosted outside of Europe. Not only did the physics live up to
expectation, but the weather and surroundings were superb. The manuscript
for the Proceedings was submitted to the publisher, the American Institute
of Physics, within weeks of the conference conclusion, and published in
L9S8 January.

3 . 2 INSTRUMENTATIOM AND FACILITY DEVELOPMENT

3.2.1 ISOL: Operation and Development

H. Schmeing, V.T. Koslowsky, E. Hagberg, J.C. Hardy, W.L. Perry,
X.J. Sun (Institute of Modern Physics, The People's Republic of
China) and M.J. Watson

The isotope separator has been used continuously over the report period for
throe on-line experiments (PR-PHS-P-4: 3.1.3, 3.1.4 and 3.1.9; AECL-9680)
and for extensive development work. The development work was concentrated
in two areas: the design of a longer-lived filament and the achievement in
higher operating temperatures of the source body. The new filaments are
made from concentric tubes. Our aim is to confine the area that is eroded
by ion sputtering to the top of the structure, which can be made from a
thick disc. This work has not yet come to a conclusion.

-\ high operating temperature of the source body is very important if the
source is to produce useful beams of the more refractory elements. Our
source is equipped with a secondary or top heater, which allows us to
.ichleve higher temperatures and a more desirable temperature distribution
than are obtainable with the arc discharge alone. Over the report period,
we were able to overcome the problems with the top-heater power supplies
previously reported. In addition, we made some modifications to shield the
insulator, which is used to support the filament, from excessive heat. With
these modifications, the source ran for extended periods with the following
conditions: U(filament)=5 V, I(filament)=75 V, U(arc)=40 V, l(arc)=10 A,
H(top heater)=500 V, I=2A, for a total input power of 1.8 kW. Under these
conditions, the temperature profile over the source body peaks in the area
where the He jet is introduced, at a measured value of 2100°K. The



3-14

temperature profile is relatively flat, with a gradient of about iOO°/cm.
Tho previously observed alarming rate of sparking due to increased
outgassing from the top heater presents no serious problem. After about two
hours of operation, the source quiets down into an extremely steady state.

Under operating conditions close to those described above, we were able to
observe an abundance of the following sub-second activities: "Sc, >lJMn,
and J'+Co and trace abundances of "JV. We estimate the absolute yield of
the helium-jet ion source system to be 0,5% for "Sc.

3.2.2 ^£epara_ti_ons_ f_o_r_thc_ *''Sc Half-Life Determination

V.T. Koslowskv, E. 71agber<>, J.C. Hardy, H. Schmeinp., X..T. Sun,
W.I.,. perry and M.J. Watson

In the previous report period (see PR-PHS-P-3: 3.2.3; AECL-9503), we
described a new target chamber, an ISOL vacuum interlock and improvements in
our tape station that were intended to improve the yield of radioactivity
and increase the reliability of the experimental equipment. All the new
equipment worked well during a recent half-life measurement run. The
details are explicitly described below.

The multi-capillary target chamber houses 15 targets, each with an
associated gas inlet and outlet. The radioactive yield was found to be
proportional to the number of targets inserted, indicating that all were
contributing equally to the overall yield. The gas sweep-out time of this
chamber was inferred from off-line measurements in which a 100 ms pulse of
NaCl-loaded helium gas was quickly substituted for pure helium, and the time
response of the sodium beam from the ISOL recorded. These measurements
indicated that the transit time in the capillary joining the target chamber
with the ISOL was about 350 ms - as expected from laminar flow
calculations - and that the average dwell time in the target chamber lies
between 0.5 and 1 second.

The primary 15 MeV proton beam in our recent production run was stopped on a
water-cooled graphite block. The ' C in this stopping material has a large
negative (p,n) Q-value and is known to reduce significantly the neutron
background. We were able to operate at 6 MA of proton beam current without
exceeding the allowed radiation threshold in a neighbouring room. By
contrast, the limiting beam current with a tantalum beam stop was about
1 iiA.

In order to reduce the intensity of the unwanted long-lived isomer in ^ S c ,
the primary beam and mass-separated beam were turned on for a duration of
1.5 seconds every 15 seconds. The primary beam was interrupted after the
tandem-accelerator stabilising image slits, but ahead of the bending magnet
BI-2. This provided the greatest amount of shielding to other areas of the
building and yet did not disturb the tandem accelerator voltage-stabilizing
system. The beam was stopped by one of six graphite paddles that are
situated on an indexing carousel. The carousel was stepped by one paddle
each cycle to give the graphite beam stop about 1.5 minute to cool before
being re-heated by the beam. The wheel was not water cooled and worked well
throughout the run, although out-gassing was initially a minor problem.

The tape station worked reliably and moved the implanted mass-42 sample
about 29 cm in 110 ms. We expect that this time can be reduced to 80 ras, if
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necessary, by operating the tape drive at the designed "rewind speed". The
tape positioned itself to within ±2 mm. Poor tape tracking, which
manifested itself as a jerk upwards or downwards at the start of a tape
move, was remedied by replacing the regular roller system with curved skids
over which the tape slid. This system of skids was made nearly frictionless
by a cushion of air produced by blowing air in through the back of the skid.
This improvement has eliminated the tendancy of the tape to bind inside the
slit of the 4n t.

;.-detector or the ESOL vacuum interlock.

The purpose of the tape/ISOL-vacuura interlock is to take the tape from
atmosphere through two differentially-pumped cells into a high-vacuum region
of the ISOL, where the sample implantation takes place, then through two
more differentially-pumped cells back to atmosphere. The vacuum presure at
the end of the ISOL beam line was l.lxlO~b kPa when the slits between the
cells were adjusted to 0.075 mm. This pressure does not affect the
t: ransmission of the ISOL beam. The only precaution necessary when operating
this vacuum interlock is to keep the tape taught. A loose tape vibrates in
the outer slits and eventually shears. No major problems were encountered
during the run-
While preparing for the run, it was discovered that the electronic
dead-time, as measured with a source-pulser technique, was slightly
dependent on the counting rate. This was caused by saturation of an
intermediate stage of the Ortec 109PC preamplifier at high counting rates.
We remedied the problem by reducing the first-stage shaping time constant by
a factor of four. No rate-dependence in the dead time is visible below
30 kHz - the maximum counting rate tested off-line.

The data acquisition system worked as intended.

3.2.3 Dwell Times in Helium-jet Target Chambers for ISOL

J. Whitlock and V.T. Koslowsky

It is becoming clear that one of the virtues of our Helium-jet ion source is
its fast time response since short-lived isotopes of b'+Co, buMn and ^ S c
have been produced in copious quantities with the ISOL and the Na-beatn or
Cl-beam response to a short injection of NaCl is less than 100 ms.
Futhermore, the efficiency of the ion source when operated in a hot mode for
sub-second Sc activity is about 1.5%. Evidently, the overall temporal
performance of the He-jet ion source is determined by the dwell times of the
radioactivity in the target chamber and the capillary to the ion source and
not by the ion source itself.

To gain a visual impression of the gas flow patterns within a target
chamber, we filmed smoke-filled air entering and departing a full-scale
glass model of our seven-capillary target chamber with the aid of a VCR.
Although the five gas inlets were relatively large in cross section to
ensure a low entrance flow velocity, the gas still forms into strong eddy
currents as the gas stream from each entrance deflects from the opposite
wall of the chamber. The last wisp of smoke in the eddy takes between two
and five seconds to evacuate. Although it is not possible to determine
quantitatively the impact this would have on our radioactive yields, future
designs of target chambers will try to minimize eddy current flows.
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3.2.4 Attenuation of Helium Shock Uaves in Beam Transport Tubes

F. Spidle (Deep River Science Academy) and V.T. Koslowsky

This report summarizes results of tests aimed at increasing the propagation
time of helium in an evacuated beam line in order that nearby isolation
valves can close in time to prevent further evacuated lines from being
flooded with gas. The test stand has been described in an earlier report
(see PR-PHS-P-3: 3.2.19; AECL-9503). It was built to model closely the ISOL
beam line upon completion of TASCC Phase II. The results of placing baffles
in a I m length of beam tube are summarized in Table 3.2.4.1 which shows the
average velocity through the baffled section as a function of the ratio of
outer-to-inner diameter of the baffles. These are the lowest velocities
that we achieved for a given ratio and occur when as many baffles as
possible, spaced four to five aperture diameters apart, are placed in the
1 m length tube. The target-chamber pressure prior to rupture of the window
was always 150 kPa, typical of many of our ISOL runs.

Table 3

Ratio of tube to
baffle-aperture

diameter

1 (no baffles)

5

7.5

10

15

.2.4.1

Average
Helium velocity

(m/s)

1200

90

32

20

8

3.2.5 A Multidetector Array for Reaction Studies: MARS

D. Horn, G.C. Rail, W.G. Davies, J.S. Forster, E. Hagberg, C. Pruneau
and M.G. Steer with R. Deal, M.A. Lone, M. McKendry, M. Montaigne,
G.A. Sims, H. Spenceley and J.G.V. Taylor (NSSP Branch), L. Potvin,
C. Rloux, R. Roy and C. St-Pierre (Laval University) and T.E. Drake
and A. Galindo-Uribarri (University of Toronto)

A proposal for a multidetector array for reaction studies, MARS, has been
written. If approved, the cost of this project will be shared between AECL
and three Canadian universities. The proposal has been submitted to NSERC
and is being reviewed by a panel of experts in the field. The corresponding
AECL document is in the final stages of editing. The major features of the
proposed facility are summarized below. A number of developmental efforts
are reported separately, including the simulation of array response to
complex events (PR-PHS-P-4: 3.2.6; AECL-9680), tests of phoswich detectors
(PR-PHS-P-4: 3.2.7; AECL-9680), and development of an LED calibration and
stabilization system (see PR-PHS-P-4: 7.37; AECL-9680).
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The design of the MARS facility has evolved from the original SAPPHIRE
concept, modified by considerations discussed in PR-PHS-P-3: 3.2.7;
AECL-9503. MARS consists of a large vacuum vessel, a forward array of AE-E
plastic scintillator telescopes, and the attendant electronics and
controls. The forward array is a complete, stand-alone spectrometer;
however, it may also be used in conjunction with other detector assemblies
in the vacuum chamber. The array is readily removable for operation of the
chamber alone. The main performance criteria considered in the design of
the array are 1) efficiency (for detecting products from both peripheral and
central collisions), 2) granularity (to reduce double hits in high-
multiplicity events and to maximize event, rate by reducing pileup), 3)
detector response (threshold, ion identification, energy resolution,
and neutron response), 4) flight path (for time-of-flight resolution) and
5) fast decision capability (when the array Is used as an event tag). It
was also considered important that the facility be simple in construction,
operation, and maintenance, and that it provide scope for additional counter
arrays.

Detailed discussions of these criteria can be found in the proposal. Their
optimization depends on the importance attached to the various types of
experiments. Our highest priorities are the exclusive measurement of
projectile multifragmentation and the characterization of central collisions
by measuring as many as possible of the fragments emitted in each event.
For these purposes, the efficiency and granularity of the array are the
prime concerns, leading us to propose a total of 128 detectors covering a
cone of about 38° half-angle at 2 m and 64° at 1 m distance from the
target. The most important design and performance specifications for the
array and chamber are summarized in Table 3.2.5.1.

Electronics for the array are designed to allow a decision very early in the
processing of an event, whether or not that event is to be accepted. A
LeCroy FERA system will digitize the AE, E, and time variables for each
detector hit; the encoded data will travel via an ECL bus to triple-port
memories, which are directly connected to a LeCroy CAB microprocessor and a
FIFO feeding our CCUR 3230 data-acquisition computer.

As costed in 1987, the entire MARS proposal stands at 1.9 M$.
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Table 3.2.5.1

Design and Performance Specifications for MARS

ARRAY

Geometry

Distance to target

Inner (2°-4.5° @ 2 ra) detectors

Outer (4.5°-38° @ 2 m) detectors

"bull's eye" 8 rings, 16 segments each.

variable, maximum 2 m.

32 AF, (only) fast plastic, 0.5 mm thick.

96 AE-E tapered phoswich, fast/slow plastic
0.23 and 75 mm, respectively.

Typical effective solid angles for light ions from collisions induced by
a beam of 40 MeV/u heavy ions:

Laboratory frame

Projectile-velocity source

Intermediate-velocity source

11% of sphere.

92% of sphere.

75% of sphere.

CHAMBER

Geometry

Size

Material

Operating pressure

Detector supports

Horizontal symmetry axis, right cylinder.

3 m (diameter) x 3.7 m.

Stainless steel.

1.3 x 10-7 kPa.

Steel table set on 6 "hard points" supported
independently of chamber walls.

3.2.6 Calculation of the Multiplicity Response of MARS

C. Pruneau

In the study of nucleus-nucleus collisions in the Fermi—energy domain, for
which the MARS project has been conceived, high multiplicities of charged
particles are known to occur. The concensus emerging from the literature is
that as exclusive an experiment as possible is required to understand fully
the nuclear reaction mechanism (see M. Lefort, J. Physique Colloque Cb_
(1986) 427). It is essential in the design of a multidetector array such asT
MARS to maximize the detection efficiency. It will also be important to
know the detailed response of the array in order to unfold the experimental
data.
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To these ends, a computer code has been written to evaluate the detection
efficiency and the multiplicity response of the MARS forward array. The
code is based on the three-moving-source parametrization (target-like,
intermediate-velocity and projectile-like) used, for instance, by
N. Brummond et al. (GSI Scientific Report GSI-85-1 (1984) 53) to
characterize singles data. The code allows separate studies of the array
response to central and to peripheral processes. It assumes that a number
of particles of equal mass, Me, is emitted from a common thermal source
recoiling at a fixed velocity in the beam direction. A Monte Carlo
algorithm is used to compute 1) the angular and energy distributions (lab)
of the emitted particles, 2) the yield observed in each ring or detector,
3) the double-hit ratp in each ring, 4) the overall detection efficiency and
5) the multiplicity response.

The low- and high-energy detection thresholds, as well as the exact detector
geometry, are taken into account in evaluating these quantities. Should the
design of the array be modified or changed radically, it would be easy to do
new calculations, since the geometry of the array is an input of the
program.

Ue illustrate the calculated results in Table 3.2.6.1, which gives the
average detected multiplicity, <̂ (i'

>> °^ protons as a function of the
emitted multiplicity, Me, for (PC) peripheral and central (CC) collisions.
Along with the parameters deduced by N. Brummond et al. (GSI Scientific
Report GSI-85-1 (1985) 53) in their study of the reaction 21JNe on gold at
^8 '>leV/u, the PC and CC were simulated with source temperatures of 4.1 and
11.9 MeV and source velocities of 0.29 c and 0.19 c, respectively. The PC
multiplicity response was calculated with the normal geometry (the array 2 m
from the target) and the CC multiplicity response was evaluated for the
close geometry (the array at 1 ra). The low- and high-energy cutoffs were 4
and 105 MeV respectively.

Table 3.2.6.1

Average detected multiplicity, <M,j>, as

a function of emitted multiplicity, Me,

for peripheral (PC)

4

6

8

10

and central

<Md>

PC_

3.4

4.9

6.4

7.8

(CC) collisions.

CC

2.2

3.3

4.4

5.3

In these calculations, the loss of particles in the detector from scattering
out and from inelastic reactions has not been taken into account. Since



3-20

these effects may reduce slightly the detection efficiency of the array,
work to evaluate and include them in the calculation of the multiplicity
response is now in progress.

The results obtained show that MARS is an excellent instrument for the study
of peripheral processes and constitutes a good trigger for central
collisions studies.

3.2.7 MARS Detector Tests

C. Pruneau, D. Horn and M.G. Steer with H. Spenceley, J.G.V. Taylor
(NSSP Branch) and T,. Potvin, C. Rioux, R. Roy (Laval University) and
J. Barrette (McGill University)

In order to make sure that the phoswich detectors proposed for MARS (see
PR-PHS-P-4: 3.2.5; AECL-9680) can meet the required specifications, we have
designed and built three test detectors. Their sizes and specifications are
summarized in Table 3.2.7.1.

Table 3.2.7.1

Detector Sizes and Specifications

front-face shape trapezoid.

E-Slow suinttllator

thickness

BC 444, 20 ns rise time, 180 ns decay time.

7.6 cm.

-Fast scintillator

thickness

BC 400, <1 ns rise time, 2.4 ns decay time.

0.23 mm.

Sample detector front-face
dimensions:

Height

Short side

Long side

Light-guide length

detector location:

Ring 3 Ring 5 Ring 7

7.9

6.2

5.4

7.4

cm

cm

cm

cm

17

13

20

13

.5

.0

.6

.0

cm

cm

cm

cm

27

30

40

21

.1

.8

.5

.6

cm

cm

cm

cm
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In this report, we present results of tests performed on the medium-size
detector (ring 5) with an a-source and with a He beam from the McGill
University cyclotron to assess Its energy and timing resolution. The bigger
(ring 7) and smaller (ring 3) detectors have not been tested yet.

Energy Resolution Tests

Since the K-signal and AE-signal resolutions depend critically on the number
of photoelectrons emitted from the cathode of the phototube, one should try
to maximize the efficiency of light collection, i.e. the amount of light
that reaches the photocathode, and at the same time make sure that the light
collection is constant or uniform for any source location in the
scintillator.

Test with an a-Source

A collimated "~ Am a-source was used to study the energy resolution and
light collection uniformity for low-energy signals. A Philips XP2230
phototube with a passive base was used.

Depending on the coating used, the light collection can be strongly
dependent on source position. With a full aluminium coating, for instance,
(all surfaces covered with aluminized mylar or aluminum sheets), 50% higher
light collection is observed when the a-source is placed at the corners of
the scintillator surface compared with the collection measured when the
source is placed at the center. However, we observed that by roughening the
sides of the scintillator and painting them with TiO2, the corner-to-center
variation could be reduced to 10%. Moreover, this variation could be
reduced further to 4% by also roughening and painting the bottom 1/3 of the
light guide. Finally, full painting of the light guide resulted in a
reverse trend: the light collection was then slightly inferior at the
corner compared with the center.

Test with a 133 MeV jHe Beam

A 133 MeV ^He beam of 200-300 particles/s from the McGill University
cyclotron, which has an energy spread of about 1%, was used to evaluate the
energy resolution and position dependence of the ring-5 detector in the
middle of its energy range. Tn these tests, the side surfaces of the
detector were fully roughened and painted with TiO2 and the entrance surface
was aluminized. The detector was mounted in the beam and its front surface
mapped thoroughly. The best energy resolution, 3.7% FWHM, was observed with
the beam hitting the center of the detector, whereas a slight deterioration
occurred at the periphery. This last observation can be understood in view
of the fact that with the particular coating used, the light collection
tends to be slightly inferior (3-7%) at the edges and corners than at the
center.

This result confirms the trend observed earlier with an a-source and the
yame coating configuration, but is not as good as the best result obtained
with a partial coating; i.e. with the scintillator and bottom 1/3 of the
light guide sides roughened and painted with a white diffuser, and the top
2/3 of the light guide polished and covered with aluminized mylar. The
global energy resolution of the detector for 133 MeV 3He, as estimated from
a sum of spectra measured at various locations, is approximately 7.5% FWHM.
However, from our experience in the a-particle test and from published Monte
Carlo simulations of conical light guides, it is clear that with a local
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energy resolution of roughly 4% it is possible to reduce the non-uniformity
to less than 4% and thereby reduce the global energy resolution to better
than 5.5%.

Timing Tests

Good timing properties are required for time-of-flight measurements.
Although the ZsE plastic used has a very sharp rise time, a spread can be
introduced by the light guide; thus it is important to pay attention to the
timing properties, especially for the larger detector. A timing test was
done with a 50 MeV f̂le beam obtained by degrading the 133 MeV He produced
by the McGill cyclotron. A thin, fast plastic scintillator, NE102, was used
to trigger a TAC measurement. As in the case of the energy resolution test,
a considerable fraction of the detector surface was mapped out.

The resulting local time resolution was nearly constant over the whole
surface of the detector, being equal to 1.25 ns FWHM. Furthermore, a time
shift of less than 0.5 ns was observed over whole surface of the medium-size
module. The global time resolution of the detector is thus better than
1.3 ns, since a part of the time width must have come from the trigger
detector.

Conclusion

The preliminary results obtained with the medium-size detector show that, in
particular for big detectors, the coating of the light guide must be
considered with great care and that, at least with that particular module
size (ring 5) and smaller detectors, good energy and time resolution are

attainable.

3.2.8 Data Acquisition

G.C. Ball, E. Hagberg, J.S. Forster, D.C. Radford and F.J. Sharp with
R. Roiha and M. Thompson (Mathematics and Computation Branch)

The system has continued to be heavily utilized for both on-line acquisition
and off-line analysis. During the summer, university researchers had to
schedule their use of the computer on a 24 hr/day, 7 day/week basis. System
development and routine maintenance have continued to be greatly hampered
because the time available is very limited.

The hardware upgrades to the data-acqusition system implemented since 1987
June are: 1) an increase of the memory to 16 MB, 2) the addition of a
Tektronix 4207 color graphics terminal and 3) the installation of a
Tektronix 4696 Color Ink Jet plotter. A CAMAC interface for the ink-jet
plotter has also been built.

Graphics software obtained from ORNL for the Tektronix 4207 terminal has
been installed and modified to run on our system. A special data-
acquisition software package for direct mass measurements has also been
written for the ISOL group. Finally, benchmark tests were prepared to
evaluate the performance of the Concurrent 3200 series minicomputers for the
proposed new experimental computing facility for TASCC.
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3.2.9 Future Data Acquisition/Analysis Computing Facility

G.C. Ball, E. Hagberg, J.S. Forster, D.C. Radford, F.J. Sharp with
R. Roiha (Mathematics and Computation Branch) and J.C. Waddington
(McMaster University)

The report of the DACN committee has been completed. The options that would
satisfy future requirements have been evaluated and a draft version of an
RFA for the TASCC Phase II Experimental Computing Facility has been
prepared. The recommended alternative is based on a Concurrent 3280
minicomputer with six times the CPU power and twice the I/O throughput of
the existing Concurrent 3230.

3.2.10 Experimental Control Room

G.C. Ball, R.L. Brown, E. Hagberg and L.V. Smith

Modifications to the experimental control room required for the Phase II
Data Acquisition/Analysis Computing Facility have been completed. The
changes required to provide an alternative route from building 114 to
building 137 which bypasses the control room have also been carried out.

3.2.11 TASCC Control Room Electronics Pool

E. Hagberg and R.L. Brown

Thirteen new CAMAC and NIM plug-in modules were bought during the time
period covered by this report. We increased our capacity in previously weak
areas such as High Voltage Supplies, Logical Units, Pulsers, Amplifiers and
Preamplifiers. A second LeCroy High Voltage Mainframe, LRS 4032A, was
bought. It will be installed permanently in the control room and our first
unit of this type will be used as a portable, target-room unit.

Two plug-in units failed during this time period in such a way that they
could not be repaired. They have been taken out of service and struck from
our inventory.

Minor loans of equipment have been made to Neutron and Solid State Physics
Branch, the Bubble Technology Unit and to Queen's University.

3.2.12 TASCC Electronics Development

J.P.D. O'Dacre and B. Luloff with D. Gray and S.G. Whittle (TASCC
Operations Branch)

A diagnostic procedure, employing a Data Precision 6000 Analyser to locate
the source of charging and control malfunctions in the MP Tandem during
operation, shows promise. Auto- and cross-correlation techniques are
applied to signals from a variety of sources include charging chains,
charging currents, column currents and capacitive plck-offs at first
indication of deteriorating accelerator performance. These techniques
produce signature waveforms, which indicate areas to be examined closely on
tank opening. Comparison of these predictions with faults identified by
in-tank physical examination are sufficiently encouraging to make the set-up
more permanent and to formalize the procedure, with a view to setting up
alarm criteria.
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A modified Generating Voltmeter (GVM) with a differential charge-sensitive
pre-amplifier warrants further comparison tests with the present system.
During the extended shutdown for installation of new accelerator tubes,
sufficient electronics will be installed to permit switching between the
present and new systems.

The capacitive pick-off amplifiers have been modified to improve
low-frequency response down to 1 Hz, and changes have been incorporated to
correct for input off-set currents produced by x-rays from the tubes. These
offset currents limit the dynamic range of the amplifiers when they are
present.

One of the precision current integrators used for measuring charge on target
has been modified for pulsed-beam operation. A calibrator permitting a wide
range of pulse width and beam current, for use with the integrator, has also
been built. The remaining integrators will be modified as time permits.

All Purser-source power supplies were converted to CAMAC control.

All electronic modules for the Phase II section of the Radiation Alarm
System are completed and commissioning activities can begin at once.

3.2.13 Target Laboratory

P. Dmytrenko, D. Phillips and H.R. Andrews

The target laboratory has been involved in producing various experimental
targets for researchers in the Nuclear Physics Branch and carbon stripper
foils for both the tandem accelerator and the superconducting cyclotron. In
addition, foils have been produced for comme *cial sales.

Thin films of the following elements were produced for nuclear physics
experiments:

Cr, Au, Ni-Cr, Ca, Mo, Ni, Al, Zr, Ti, 154Sm, l b 0Gd, 1 2 0Sn, 121+Sn,

U J T e , 1 J 7Yb, ^ b P b , -*Ca, 7 8Se, ^ T i , 50Cr and 5i+Fe.

Large scintillators were aluminized for both the University of Toronto group
and the Particle group. Metallic coatings of mirrors were carried out for
the Physical Chemistry Branch at CRNL.

3.2.14 Total Reaction Cross Sections Equipment

A. Galindo-Uribarri, T.E. Drake and G. Zwartz (University of Toronto)
with G.C. Ball, J.S. Forster, E. Hagberg, D. Horn and W.G. Davies

The total reaction cross section apparatus, complete with stepping motors,
cables, vacuum feed-throughs and computer control, was successfully vacuum
tested in the large scattering chamber. The procedures for aligning the
centre of the ring detector in the ion-beam under vacuum were tested. Some
modifications were needed; for example, a provision to remove the active
collimator was added to allow one to view the KBr detector-alignment screen
through the chamber vacuum port. This was done with rods, linear bearings
and a stepping motor. The detector-alignment jig consists of a 25 mm
diameter KBr-coated screen, with horizontal and vertical graduations to make
it visible when viewed through the vacuum port via the TV monitor. A 1 cm2
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CsI(Tl) crystal viewed by a photodiode was located at the centre of this
screen. The jig can be lowered (via rods, linear bearings and a stepping
motor mounted on the front face of the detector) until its centre coincides
with the axis of symmetry of the ring detector. The detector can then be
moved some 0.5 m along the ion-beam direction, and platform adjustments can
be made under vacuum to ensure that it is indeed on the ion-beam axis over
the full 0.5 m of travel. With the graduated (KBr) screen at higher beam
intensities, a calibration can be made of the dispersion of the steering
coils upstream of the scattering chamber, and then a beam profile can be
made at low intensity with the steering coils, Csl crystal and photodiode.

la the ring detector, individual scintillation counters were tested with
beam from the tandem. Several aspects of counter response were studied:
light collection efficiency, position sensitivity, count-rate effects, cross
talk between counters and timing relative to the flux monitor. We had brief
access to a 711 MeV iodine beam from the cyclotron late in December.

The thin-scintillator flux monitor was beam-tested in mid-December. This
monitor performed very well indeed, with a complete separation of the signal
and noise for 250 keV deposited in it by a 24 MeV proton beam. The timing
between this flux monitor and the central counter of the ring detector was
measured to be <0.6 ns FWHM.

PS

Further improvements will be made over the 1988 January-to-June shutdown
period and the apparatus will be ready for beam in June when the cyclotron
resumes operation. The experiments require 10-50 MeV/u beams of 4 0Ca, i2C,
and lfc0.

3.3 PHASE II

3.3.1 TASCC _P_hase II

H. Schmeing and J.C. Hardy with K. Wittann (Project Management
Branch)

Phase II of the TASCC facility, aimed at providing the beam distribution
system for all nine target locations, is proceeding on time and on budget.
The shutdown period for the installation of subphase A, which is to provide
the first four target locations, began on schedule on 1988 January 04. Our
plans call for the new beam-transport lines to these four locations to be
commissioned by 1988 July 01, at which point experimental work may
continue. The budget for the fiscal year ending 1988 March 31 is k$3400,
which we expect to meet to within 2%.

With the small exception of the control device for the de-ionized water
system, all design jobs were complete at the end of the report period.
Construction projects were well advanced, with rooms 104 (target room to
receive the 8ir spectrometer), 101L (computer room) and 204 (power supply
room) finished. The main construction items outstanding are the dipole
pedestals and the concrete shielding door for room 108. Procurement has
advanced as well. All quadrupole elements have arrived on site, as have
four dipoles. The remaining three are in transit. As well, all necessary
power supplies are either on site or in transit. A detailed schedule has
been developed, and manpower allocations have been secured on its basis. A
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contract has been let with an outside surveying company aimed at positioning
all beam optical elements to with 0.2 mm of their nominal location.

3.3.2 Beam Transport System Magnets and Power Supplies

R.L. Brown and W.G. Davies with D. Gray (TASCC Operations Branch)

The Scanditronix/Danfysik contract for the TASCC Phase II beam-transport
system (BTS) has proceeded to the point where all major items are delivered
or in transit. The production delays encountered in the power supply part
of the order will not affect the BTS installation schedule. The status of
the individual components are discussed in the following paragraphs.

All subphase A dipoles have been received.

All .subphase B dipoles (BE-6, BE-7 and BE-8) were successfully field mapped
and were shipped on December 22. The two dipole power supplies have been
factory tested and delivered. They were installed in their location in
early December. The six dipole-degaussing units have been delivered and
installed in their switchgear location. Preliminary powered tests have been
carried out.

The subphase B quadrupoles were field mapped and shipped on schedule. We

have now received all 60 Phase II quadrupoles in good physical condition.

Eight cabinets for quadrupole power supplies were delivered in October.
They have been put in place in Room 204A and much of the plumbing and wiring
has been carried out. All 25 quadrupole power supplies have been factory
tested and shipped. The first four were received on December 23 and the
remainder will arrive by air freight early in January.

The 20 steerer power supplies were delivered in September. They have been
installed in their Room 204A cabinet, and have undergone preliminary powered
tests.

The switchgear was received in good condition in August and positioned in
Room 204A. A great deal of wiring was put in place even though not all
power supplies are received. Preliminary powered testing was undertaken,
which demonstrated correct switching. Scanditronix has been informed of
some minor faults in the circuit-interlock and status functions, and will
advise us of the necessary corrective measures.

3.3.3 Shielding Halls and Doors

E. Hagberg

The blocked sections of room 104A and 104B have been completed and these two
rooms have been painted. They are now ready to receive equipment. A major
piece of TASCC II construction work is thereby finished. The movable
concrete door in 104B has been poured on top of its air-bearing base plate.
A smooth epoxy pad has been installed to provide the runway for the door.
The door has been air-lifted and moved once in order to make sure that all
components perform according to our expectations.
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The blocked concrete maze between rooms 105 and 108 has been removed and the
old, large doorway restored. The new shielding walls in rooms 105 and 109
are partially complete.

Extensive discussions with Labour Canada and the CRNL Fire Chief on the fire
and safety regulation requirements relevant to the 104B movable concrete
door have taken place. A set of conditions that permit us to operate such a
door, and not violate the Ontario building code, have been identified. The
principles of operating the door have been specified and design of the door
operating-control system has started.

3.3.4 TASCC Phase II Safety and Licensing

D.C. Radford, S.G. Whittle (TASCC Operations Branch), G.C. Ball,
M. Shea (Civ., Rlec & Instr. Design Branch) and R. Roiha
(Mathematics and Computation Branch)

The extension of the Phase I safety system to cover the Phase II
requirements is virtually complete, except for installation of components on
shielding walls that do not yet exist, and for the updated Facility Layout
Displays. The latter are currently being designed by M. Shea. The Phase II
Final Safety Analysis Report is under preparation for submission to the ASC
in February. It has been decided to replace the current MATROX Safety
Interlock System display terminal with an IBM-compatible PC. As soon as
this is installed, programming for the Phase II SIS computer program will
begin. The new program will run on the PC, rather than the current
Burr Brown microprocessor, to utilize the PC's greater memory and speed
capabilities.

3.3.5 A Precision Rotating-Coil Magnetic Field Mapping Device for TASCC
Quadrupole Calibration

W.G. Davies, R.E. Howard and N. Bray

The design and construction of the magnetic-field-mapping device (see
PR-PHS-P-3: 3.3.7; AECL-9503) is nearly completed. N. Bray is continuing to
improve the stability of the rotational speed of the spindle. The original
gear-reduction mechanism has been replaced by a belt reduction mechanism
with a flywheel on the idler shaft. Tests show that the speed of the idler
is very stable. Adjustments of the spindle bearings and tests with
different final drive belts are continuing. The addition of a fiberglass
mandrel to the spindle shaft lowered the frequency and increased the
amplitude of the speed variations. The integration method of data
acquisition should compensate for the speed variations we are seeing, but
ultimately, the more stable the speed, the better the measurements will be.

The alumina mandrel is expected to be shipped from the supplier on January
18. As this is quite late, another fiberglass mandrel has been made that
will allow tests and perhaps some actual measurements to be made before the
alumina mandrel has arrived and had the coil wound on it.

R.E. Howard has completed the computer control system so that it operates at
the level required for the first measurements. When the schedule permits,
the system will be expanded to allow the computer to control the quadrupole
power supply. The Berkeley bipolar voltage-to-frequency converter has been
assembled. Oscillation problems observed in initial tests must be corrected
before any further tests or adjustments can be made.
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3.3.6 The Diagnostic Probe for the Superconducting Cyclotron Extraction
Channel

N. Bray and W.G. Davies

The extraction probe is being developed to provide diagnostic information on
the beam as it passes through extraction channels 1 and 2 of the cyclotron.
The prototype titanium probe head assembly, 3.6 m long phosphor-bronze drive
strip, motor drive assembly, motion feedthroughs and drive-strip take-up-
reel assembly are all virtually complete. A mock-up of the extraction
channels has been built to test the operation of this drive system and study
the behaviour of the probe head as it is pushed into, and travels along
these non-uniform channels. Testing is currently underway, and should
enable us to set up the probe drive mechanisms and also further develop the
probe head assembly before it is inserted into the cyclotron.

The stainless steel vacuum chambers required to house the probe and maintain
the cyclotron mid-plane vacuum have been designed but require detail
drawings before manufacture. The only major item not yet designed is a
floor stand to support the vacuum chambers and pumping system. This design
and drafting work is currently on hold because of other more urgent demands
on N. Bray's time. No major delays are expected.

3.3.7 Computer Control System

B.F. Greiner (TASCC Operations Branch) with W.F. Slater

See PR-PHS-P-4: 4.7; AECL-9680
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4.1 NEGATIVE ION INJECTOR

Y. Imahori

4.1.1 Operation

The HICONEX 860 sputter source operated normally producing high-intensity
beams and reasonable intensity of beams of less abundant isotopes from
natural or low-concentration target material. Transients, which could be
originating from internal arcing of the source, frequently degraded phase
control of injected beam to the cyclotron. During the shutdown period in
the beginning of 1988, the ground return line will be checked and corrected
to reduce transients.

At the beginning of the period, the second HICONEX 860 ion source was
commissioned. As a result, the ion injector down-time for ion-source
maintenance was reduced by having one source ready for installation at all
times.

4.1.2 Ion Production

During the period, the beams shown in Table 4.2.1.1 were produced with the
HICONEX 860 source.

4.2 TANDEM ACCELERATOR

L.B. Bender

4.2.1 Operation

The tandem accelerator operated very reliably during the period, producing
beams for nuclear physics experiments at three interim target locations.
The facility operated in both the bypass mode (tandem only) and cyclotron
mode. Accelerated beams are listed in Table 4.2.1.1.
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Table 4.2.1.1: Ions produced and accelerated during the report period

Ion
Negative Ion

Current
from ion source

Beam Energy
from tandem

(MeV)

Protons (H)
Carbon (l2C)

0^
Mg)

* Oxygen
* Magnesium (

Silicon (ZbSi)
Silicon (Z^Si)
Silicon (3USi)
Chlorine "
Chlorine )

* Potassium (i3K)
* Calcium ( Ca)
* Scandium (45Sc)

Bromine (
Iodine 1

14
80
5
0.5
10
1
2
8
2
0.18
1
0.6
16
5

15 to 24
84
90

90 to 97
70 to 150
140 to 151
140 to 160
100 to 125

173
100

64-90
90
85
42

*Beam development purposes only

4.2.2 Generator

The tandem generator operated very well during the period. The generator
tank was opened on four occasions, three of which were scheduled for
stripper foil replacement. The other opening was required in order to
investigate the cause of repeated voltage breakdowns, which were found to be
due to a seized idler wheel on the charging system. The VIVIRAD resistors
continue to give trouble-free performance, having logged over 4000 hours
with no signs of deterioration. Voltage holding capability of the tandem
has improved and one experiment was carried out at a voltage of 13
negavolts. The superior performance has been judged to be due to more
uniform voltage gradients with the new resistors. The new high-gradient
accelerator tubes were received during this period and will be installed
during the Phase II shutdown next period. It is anticipated that routine
operation at 15 raegavolts will be achieved.

4.2.3 Sulphur Hexafluoride (SF&) Insulating Gas

The SFb gas system operated normally when required during the period.
Twenty-four cylinders of gas were added to the system.
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4.3 CYCLOTRON
Helena Lindqvist

4.3.1 Operation

During the period two different beams have been run: I 5.6 MeV/u and
Br 20 MeV/u. The cyclotron could not always be used efficiently because

of a number of problems.

Tn the beginning of the period there were time-transient instabilities.
Those were solved by installing scraper slits before the low-energy buncher
in order to decrease beam spill in the tandem and to allow the ion source to
work in a more stable mode. That improved the phase stability enough for
the bunchers to work, under more suitable conditions.

During the period the deflector failed twice because of overheating caused
by RF. The cyclotron had to be opened up for the deflector insulator to be
repaired.

During the earlier 6-raonth shutdown two horizontal fingers, 3 mm apart, were
Installed in hill lens #1 to determine the vertical position of the beam.
Both beams were low but could be raised somewhat by individual adjustment of
trim-rods 13, which indicates that the cause of the low beam could be a
calibration error in the position of trim rods 13.

In the 350-400 mm region the beam is high. Individual adjustment of trim-
rods 6 put the beam back in the midplane, indicating that also trim rods 6
have a calibration error.

During extraction attempts with Br at 20 MeV/u there was a vacuum
excursion while varying one of the extraction channel currents, indicating
ice in the channel. The tee was removed by a special channel heater but
beam was never extracted. Probable reasons for extraction attempts being
unsuccessful are that the beam was too low to pass through the extraction
channel and that the deflector voltage was too low for optimum entrance into
the channel. In addition, the dee voltage could not be at its optimum
setting because of RF heating of the deflector.

In spite of many difficulties during the period the cyclotron was run
around the clock for the first time, frequently attended only by the
operators.

4.3.2. Experiments

Two weeks were spent on cyclotron I beam experiments, which included:
calibration of the injection energy; search for evidence of a magnetic
abnormality at inner radii; a study of orbit decentering as a function of
foil position and injection energy; magnetic-field optimization for
isochronism with the "boundary" method; a study of the position of the beam
in the extraction channel; a study of the extracted beam current as a
function of extraction-system parameters; and calibration of the dee voltage
by measuring the energy gain per turn as a function of radius.
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In the study of inner turns no evidence for a magnetic abnormality was seen
which could explain the small turn separation.

In the decentering study, it was shown that the decentering could be
improved but not fully corrected with optimization of the foil position.
The injection energy had very little effect on the decentering.
Calculations show that a misalignment at the reference point (in the middle
of the last injection steerer inside the yoke) of 7 mm could produce the
existing decentering. No amount of steering could improve the decentering
significantly though. Another possible reason for the decentering could be
a first harmonic at inner radii.

Tn the isochrontsm-optimization study, the magnetic field was increased by
using the inner and outer coil currents until the beam could not reach
extraction radius for any dee-phase; this determined an upper boundary. An
analogous lower boundary was then determined, and the optimum field level
was defined as the one in the middle of the boundaries ("boundary" method).
Before this field-level optimization, the optimum dee-phase for inner and
outer turns did not coincide (nonisochronous field). Now they do. The
optimum dee-phase for extraction is now in the middle of the
phase-acceptance curve; earlier it was on one side. One turn was also
gained.

In the beam position study, the gradient in the last extraction channel was
varied and it was concluded that the beam was on the average in the middle
of that channel, a result of the realignment of hill lens 1 horizontally.
Unfortunately, the realignment of hill lens 2 vertically did not improve the
vertical position. The beam is still low.

The study of the extraction parameters shows that it should be possible to
extract beam if the calculated parameters are used with a reasonably good
guess for the optimum first harmonic. When the extraction probe currently
being built is installed, extraction of new beams will be much easier.

For information about the different methods used in the various experiments
and for more detailed discussions of the results, see SCC Note #5 Series 2.

4.4 RADIOFREQUENCY SYSTEM
E. Stock with G. Mitchel and J. McGregor (Accelerator Physics Branch)

4.4.1 Operation

The system was available and operated as required with only a few minor
exceptions. The only frequencies used were 32.133 MHz for pi-mode tests and
iodine acceleration and 59.930 MHz for bromine acceleration. Tuning changes
between these frequencies were made on six occasions.

Pi-mode operation at 32.133 MHz to investigate wall heating and cavity
detuning effects was studied for a total of only 24 hours. The temperature
effect is less since changes made during the shutdown, but it still limits
full-power operation. The automatic frequency control circuit can
compensate for the detuning transient caused by motion of the probes at this
low frequency. A working party consisting mainly of Accelerator Physics
personnel has been organised to investigate the pi-mode problem.
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For the first time since it was installed in the magnet, the accelerating
structure achieved a nominal 100 kV at 60 MHz. Structure temperatures up to
60°C were observed. After some hours at this power level a failure occurred
in the electrostatic deflector requiring the cyclotron to be opened.
Inspection of the RF structure indicated no damage except for arcing on one
of the upper hill liners caused by the proximity of one of the radial probes
during pi-mode operation.

A mechanical joint in the drive train to the RF coupling capacitor broke
twice. Modifications to strengthen the joint have been successful.

The entire system can now be shut down and restarted to reproducible
parameters under computer control for a given beam.

4.4.2 Power Amplifiers and Control

The temporary installation being used as the input stage to the amplifier
chain was replaced with a permanent broadband amplifier as soon as it became
available. The new unit has been used at very close to the limits required
of it and has been shown to perform satisfactorily.

A significant two and a half days of operating time was lost because of a
failure of one component in the RF high-voltage power supply. The cause of
the failure was traced to the loss of one phase of the input 3-phase
supply. A 3-phase monitor to protect the high-voltage power supply will be
installed to prevent similar occurrences in the future.

A monitoring system installed to permit the power amplifier tunable sections
to be tuned to reproducible positions has proved its worth in allowing rapid
but accurate tuning changes between the required low- and high-frequency
settings. It now takes about 2 shifts to complete each tuning change.

Operation of the cyclotron at high power and high frequencies causes
significant thermal transients. These transients are normally compensated
for by small automatic adjustments to the upper and lower balance
capacitors. However, following a shutdown or trip when the structure cools
very rapidly, the RF could not be re-started until some manual correction
had been made. A circuit has been devised to reset automatically the tuning
following a trip or shutdown. This circuit is not yet fully operational.

An automatic gain-control circuit is being considered to compensate for
attenuation in the phase-shifter elements, which cause variable power input
to the high-Q structures. Stability throughout the phase control and
accelerating structure may depend significantly on its development, which
has not been possible to date.

4.4.3 Bunchers and Phase Control

The low-energy buncher grid failed on four occasions as a result of erosion
caused by high intensity ion beams. Modifications to the grid design were
completed and new parts were fabricated for a grid employing ribbons instead
of wires. This grid was installed late in the period and has worked
reliably to date.
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Investigation of the performance of the phase-control circuit is ongoing by
Accelerator Physics personnel. The greatest improvement to date has been
related to the improved performance of the ion source and the tandem.
Installation of a pair of slits in front of the tandem to reduce the effects
of beam loading on the tubes has significantly reduced the previously
observed long-term drifts in phase. For the majority of the period, phase
control was maintained by feedback from the capacitive phase probe alone.
This element is less sensitive than the phase slits after the high energy
bimcher but nevertheless control was maintained well enough for the
extraction of iodine at 5.6 MeV/u.

Some changes to the control system have been attempted when time allowed but
only sporadic periods of control have been achieved with the phase-control
slits.

h . 5 CRYOGENIC SYSTEM
L.W. Thomson, R.K. Milks, R.R. Tremblay

4.5.1 Operation

The system operated continuously except for a partial power shutdown in
October during which the cryostat vacuum degraded, causing the cryostat to
empty and warm.

Operators now visit the system hourly during magnet operation, and every two
hours when the magnet is not charged. Operating parameters are logged and
ad iustments made as required to maintain system values within specified
operational ranges.

Status limit alarms for important parameters are now monitored in the
control room through the annunciator panel, and relevant system values can
he rend through a TV monitor mimic diagram. In addition, interlocks to
ensure safe, unattended operation of important related systems have been
commissioned. As a result, periods of round-the-clock cyclotron operation
w«re possible for the first time, with 141 hours achieved for the longest
run.

Cryopump controller malfunctions have prompted the installation of temporary
electrical connections that operate both cryopumps simultaneously - not the
preferred mode of operation.

A total of 233 cylinders of helium gas were added to the system to 03
December, compared to 310 cylinders the previous six months (during part of
which time the system was shut down). One known source of continuing gas
loss (about 2-3 cylinders per week) is through the cryostat pressure-relief
solenoid.

Liquid nitrogen deliveries totalling 340,000 L were made to the large
storage tank to 18 December, compared to 176,000 L for the previous six
months. As usual, LN2 consumption from this tank is estimated from the
total for both building tanks, and consumption by the ISOL from this tank is
unknown.
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4.5.2 Cryostat

The cryostat emptied and warmed once, to 75 K, following a partial power
shutdown in October, which degraded the insulating vacuum. Considerable
effort was required to cool and refill the cryostat, mainly because
relatively warm gas (over 20 K) could not be effectively vented through
tower 3 because of the vacuum leak that develops there whenever the seal
gets cold during rapid boiloff. The improved electrical heating around the
tower is only effective for short periods of controlled venting. Cryostat
overpressure is now held below 30 kPa through adjustment of the compressor
return pressure with two of the gas-flow control regulators. In addition,
the improved vacuum in the continuously vacuum pumped transfer tubes has
prevented cryostat backpressure conditions from recurring.

Frequent periods of scheduled long cyclotron runs have prevented the
replacement of the temporary pressure-relief solenoid with an improved
device that does not leak.

4.5.3 Helium Liquefier

A scheduled 2500 h maintenance was performed in July, after which liquid
helium production could be balanced against cryostat boiloff with the screw
compressor and two reciprocating compressors running.

Finer control over both the amount of LN2 precooling and the transfer rate
of liquid helium from the dewar into the cryostat is now possible through
the installation of stepping motors and controllers on liquefier valves V301
and V334.

The period has seen remarkably few liquefier problems, because of improved
maintenance procedures, tighter operational limits, and remote monitoring of
limit excursions.

Some prolonged cyclotron runs have required the use of maximum compressor
capacity and increased LN2 precooling to keep up to heavy usage by the
cryopumps during high-power RF operation.

4.5.4 Helium Compressors

The screw compressor was trouble-free and ran almost continuously, with one
scheduled absorber change. It has run a total of 23,508 h. Based on the
experience of similar compressors off-site, the likelihood of major repairs
increases by 35,000 h. The liquefier cannot produce liquid helium at a rate
matching cryostat boiloff without this compressor operating.

None of the four reciprocating compressors required repairs. Three underwent
one scheduled absorber change each.

The dump and makeup gas flow control regulators were adjusted to give a
lower compressor return-line pressure (less than 20 kPa at the liquefier)
without reducing the supply pressure of 1600 kPa.
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4.5.5 Piping and Instrumentation

No modifications to helium piping were made, although electrical wiring was
added to activate a solenoid valve downstream of the emergency lead flow
panel. By venting gas to atmosphere, this valve ensures adequate lead
cooling during magnet discharge in the event of compressor failure.

Protective interlocks were installed, commissioned, or upgraded for fault
protection of the following systems: cryostat vacuum, raidplane vacuum,
transfer tube vacuums, main coil, main coil emergency lead cooling, and
extraction magnet lead cooling.

4.5.6 Computer Interface

Instrumentation is now installed and commissioned to monitor more than 40
system-status conditions via the control room annunciator panel. In
addition, 16 parameters are displayed on a new monitoring mimic diagram,
KRYMON.

4.6 BEAM TRANSPORT SYSTEM
L.B. Bender

4.6.1 Magnets

The beam-transport magnet system operated very reliably during the period
with only minor malfunctions, which did not affect facility operation.
Routine maintenance was carried out during facility shutdowns, including
modifications to the switchgear to improve reliability of operation.

4.6.2 Vacuum System

The vacuum system operated normally during the period. The only
malfunctions were failure of the high-energy-buncher turbo vacuum pump,
which was replaced, and small cooling water leaks on the faraday cups, which
are being repaired. Intermittent problems with the control electronics have
been traced to two common components in each vacuum section. These
components are being changed or repaired as required.

4.6.3 Beam Diagnostic Devices

With the exception of the cooling-water leaks from the faraday cups into the
vacuum system, the various devices operated normally. The beam-profile
monitors have been changed to a single scan wire, from a wire loop as
shipped from the manufacturer. This will allow the beam profile to be
digitized.
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4.7 COMPUTER CONTROL SYSTEM

B.F. Grelner with W.F. Slater and R.B. Walker (Nuclear Physics
Branch)

4.7.1. Operation

The computer-control system was in continuous use during the six-month
period and contributed less than 8 hours or 0.2 % to unscheduled down time.
Operation was transferred to the backup computer once during the period
after the control-system disk information became corrupted. This problem
has been attributed to a particular disk drive which has a history of very
infrequent and unresolved incidents, and the drive has been reconfigured for
less active duty.

The reason for control-desk hangups, which happen up to a few times per
week, has finally been localized in hardware and software. A reasonable
software fix will be attempted during the T/VSCC Phase II shutdown. Efforts
to speed up response at the control desk are under way.

4.7.2. Software

Software effort was concentrated on revising control-system software in
collaboration with the heavy-ion accelerator group at Hahn-Meitner-Instltute
for Nuclear Research in West Berlin. The intention is to commission TASCC
Phase II system variables under new, faster control-system software, if
possible.

Support of the operation of the accelerators is still the main priority and
occupies more than half of the available manpower. The system-variable data-
base expanded by about 40 entries, but some unused names were deleted. Some
70 data-base entries were modified during the period and the total number
now stands at 1830. The principal area of activity is the cryogenic system,
with some effort going into the injector.

4.7.3 Hardware

Aside from repairs to CAMAC modules that failed in service and
troubleshooting in support of accelerator operation, there were two major
projects in the hardware area. The larger effort was in support of the
manufacture of 47 bypass and repeater units, which will provide the full
flexibility and reliability of the CAMAC serial highway planned at the
beginning of TASCC. During the past six months, design and documentation
was completed to standards set by TASCC Phase II project management, some
45,000 electronic and mechanical parts were organized and shipped for
assembly, liaison was carried on with the contractor and a test program on
twenty complete units was begun. The second project consisted of design and
estimating for a CAMAC crate in the terminal of the MP Tandem. This project
has now been cancelled.
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4.8 BEAM DYNAMICS
Helena Lindqvist

4.8.1 Calculations

A move of 2-3° of hill lens 2, in order to reduce the heating in ir-raode, has
a negligible effect on the beam orbit.

Claude Bieth from Ganil, France, visited TASCC for two days to show his
calculations of "dee voltage as a function of radius and frequency"
performed with his RESHF 3D code. For low frequencies his results are close
to earlier anticipated values but for higher frequencies they are closer to
values calculated from turn patterns. The fact that the effective gap width
is much larger than the mechanical gap width and that for small radii the
higher dee voltage is probably not reached because of field penetration will
reduce the differences between Bieth's values and the values calculated from
turn patterns.

4.9 BUILDING SERVICES
P.I. Hurley

4.9.1. De-Ionized Water System

The de-ionized water system operated normally during the period. The chiller
system was changed to the "Winter Mode" in November.

4.9.2 Electrical

The electrical system operated normally throughout the period.

4.9.3. Safety

The oxygen monitors located throughout the facility were checked on a
routine basis, and operated normally during the period.

The radiation monitors were checked weekly and operated normally during the

period.

4.10 TASCC PHASE II SAFETY AND LICENSING

D.C. Radford et al.

see PR-PHS-P-4 Section 3.3.4, AECL 9680

4.11 TASCC ELECTRONICS DEVELOPMENT

J.P.D. O'Dacre et al.

see PR-PHS-P-4 Section 3.2.12, AECL 9680

4.12 BEAM TRANSPORT SYSTEM MAGNETS AND POWER SUPPLIES

R.L. Brown et al.
see PH-PHS-P-4 Section 3.3.2, AECL 9680
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4.13 REPORTS AND LECTURES

a) Reports

EXPLANATION OF THE DISCREPANCIES BETWEEN BI1/CYCLOTRON INJECTION ENERGY AND
BEl/CYCLOTRON EXTRACTION ENERGY
E.H. Lindqvist
SCC Note #4, Series 2

RESULTS OF CYCLOTRON BEAM EXPERIMENTS AND COMPUTER SIMULATIONS WITH l2/I
5.6 MeV/u
E.H. Lindqvist
SCC Note #5, Series 2

REPRODUCIBILITY OF FOIL POSITION FOR ALL FOILS ON THE CHAIN
B.F. Greiner
SCC Note #7, Series 2

MEASUREMENTS OF TRIM-ROD POSITIONS USING AN EDDY-CURRENT PROBE
B.F. Greiner
SCC Note #8, Series 2

b) Lectures

CURRENT STATUS OF CHALK RIVER'S TASCC FACILITY
L.W. Thomson
An invited paper presented at the 4th Canadian Accelerator Conference held
at TRIUMF 1987 September 16-17.



5. CYCLOTRON GROUP (ACCELERATOR PHYSICS BRANCH)

(Report edited by J.A. Hulbert)
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5.1 CYCLOTRON OPERATION

J.A. Hulbert

1 O "7

The cyclotron has been operated to provide a beam of I, 5.6 MeV/u for
several experiments. A beam of 79Br, 20 MeV/u has been accelerated, but,
disappointingly, has not been extracted. The reasons for this failure involve
several factors, the most pervasive of which is the vertical dee gap which now
appears larger than optimum. This results in a reduction of energy gain per
turn and hence a high turn number and also leads to thermal damage to the
deflector insulator when high rf fields penetrate the dee gap. The high turn
number (200+) compared with that for t, 10 MeV/u (100+) means that more care
is needed in isochronizing the field, centering the orbits, setting the
magnitude of the net magnetic first harmonic and directing the accelerated
beam into the restricted aperture of the electrostatic deflector. The
inability, due to the deflector heating, to operate dee volts or deflector
volts over their full range is also an operational disability.

Other factors, less important but not insignificant, are the loss of precise
zeroing information on some trim rods, particularly the #13 outermost rods,
and our attempts to try to satisfy the urgent requirements of the nuclear
physics program and operate the cyclotron at a technical limit, before
developing easier beams to gain operating experience. There is no evidence to
suggest any fundamental defect in the design of the extraction system. A
question has been raised concerning the optimization of the location of the
deflector, but this should be defined better by beam dynamics simulation and
careful surveying before any empirical changes are made.

During the Phase TI installation, most of the hardware problems associated
with high dee volts at high frequency should be corrected, as should the
current operating limitations in pi-mode. The schedule includes several weeks
of beam development time to test hardware changes and improve operational
techniques, before Phase TT is complete.

5.2 CRYOGENIC SUBSYSTEM

5.2.L Cryopump Development

J.A. Hulbert with D. Proulx (Plant Design)

A new design of liquid transfer valve has been installed on Cryopump #1. This
Follows the operating principle of the original design but in return for a
more bulky operator the new valve has individually replaceable actuating
bellows. This not only makes the valve field-repairable but also increases
reliability. A similar valve is now under construction for the second
cryopump.

The Mk IV cryopump design is now complete and an estimate for its construction
obtained from WE&P.
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5.3 MAIN MAGNET SYSTEM

5.3.1 Main Magnet Power Supply

L.W. Shankland and C.R.J. Hoffmann

Continued review of interlocks uncovered some unprotected fault paths. The
possibility was noted of an interrupted re-start from partial excitation,
leading to a run-down through the range where the axial forces on the coll are
reversed. Tn addition it was observed that the operation of the overcurrent
trips at low current settings interfered with the 600/50 ampere boundary
trip. Both of these problems have been corrected.

Operating manuals for the power supply and the flow panels have been revised
and issued.

5.3.2 Mew Microprocessor Satellite Controller

C.C. Williams and L.W. Shankland

The first stage of the work on the satellite controller has been completed.

The preterit form of the new controller emulates the existing controller with
an additional option of running down the magnet automatically. The power sup-
ply simulator, which allows full bench testing of the controller, was
completed and tested. The simulator was tested with the voltage-tap monitor
alarm generator and operated satisfactorily.

Thi? analog-to-dlgital converter used in the simulator is Identical to that
used la the present voltage-tap monitor, but required output buffering to
operate satisfactorily into the interconnecting cables.

The system software was completely overhauled and a simple operator interface
devsloped and tested. This makes unnecessary the use of a terminal. All
possible operating modes are accessed by setting two thumbwheel digits and
pressing a 'start' button. Automatic booting of the system has been
Installed, with a CAMAC-resident real-time clock to set date and time. The
remaining task before installation is to write a software interface for a
compact printer, foe status reports and logging when the terminal is finally
removed.

Extensive testing of the system has revealed some software deficiencies which
have been tabulated for correction. These include adding an interrupt to
obtain a lead temperature readout on request, recognition of the approach of
the reverse-axial-coil-force safety boundary before the hardware trip
operates, and utilization of the system-clock-interrupt capability for setting
program timing.
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5.4 RADIOFREQUENCY SYSTEM

J.R. McGregor with E.P. Stock (TASCC Operations)

The following items are additional to those reported in Section 4.4.

5.4.1 Accelerating Cavity

The balance-capacitor motor-drive power supplies have been reconfigured to
eliminate overloading. Two improved balance-capacitor drive-assemblies have
been built and will be installed at the next midplane opening.

5.4.2 Cavity Computation

E.H. Lindqvlst (TASCC Operations)

C. Bleth of AGOR/GANIL (France) has modeled the rf field distribution along
the accelerating gap using a transmission-line model with continuously vari-
able cross section. The field values derived are similar to those deduced
From measured beam-energy gain as a function of radius. Bieth's study shows
penetration of rf into the dees is rather more than had been assumed. This
accounts for the reduced energy-gain per turn and also the rf heating of the
deflector insulator.

5.4.3 Bunchers

5.4.3.1 Bunch Length Measurement

G.R.D. Mitchel

The beara-pulse detector upstream of the high-energy buncher has been removed
for repair. It will be reinstalled in the extraction line for the measurement
of extracted bunch lengths. The second beam-pulse detector remains just
upstream of the cyclotron to provide a means of checking bunching efficiency
at injection. Typically, bunch lengths at the injection pulse detector are
900 ps (FWHM) at 32 MHz.

5.4.4 Phase Control

G.R.D. Mitchel and J.E. McGregor

Cabling has been installed to display the signal of the capacitive beam
detector in beam-line section t on the control-room monitor. This operates
satisfactorily and has been useful in evaluating transit-time stability and
operation of the phase control.

A raview of the overall control system has been carried out with some help
from 3.T. Craig of Radiation Engineering and a report on this study is in
preparation.
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The control range of the phase-control system has been tripled. For example,
at 32 MHz, the range formerly 35° is now 100°. Adjustments to loop gain,
etc. are continuing to improve this performance. This upgrade has been found
necessary to permit longer useful operating time within the restrictions of
the Ion .source and tandem column operating stability.

For most of the report period the capacitive beam pickup in beam line section
h has been used as a phase sensor but a recent improvement in transit time
stability, possibly due to a better understanding of cyclotron needs by the
operators of the ion source and injection beam line, has enabled renewed oper-
ation >f the slit sensoc for phase control. Gains of both capacitive pick-up
and slit-control loops have been increased further and a 30 ms integrator
added to nr.vji.de high frequency cutoff. The capacitive pick-up loop is easier
to set up anA recovers better from tandem terminal loss of control, where
recovery is characterized by a discontinuous transit-time shift. The slit
control must be set up to suit the particular beam profile (in-phase beam +
dark current) delivered by the high-energy buncher. Five variables are
involved, two slit spaci.ngs and three amplifier Rains. The slit control has
inherently half the phase range of the capacitive pick-up control because the
slit output is related to the phase of the high-energy buncher, which operates
at twicf-1 the pulse repetition frequency. Table 5.4.4.1 gives the relative
performances of the two control methods.

Table 5.4.4.1: Relative performance of capacitive and slit control

Date

r-inv 2 5

T)>.iC 11.

TU»am

UVl

73Br

Frequency

(MHz)

32

60

Transit Time
Variation,
Uncorrected

i 10°

± 12°

Injection Phase
Jitter after
Correction

± 1.0°
± 0.75°

± 1.2°
± 0.85°

Method

capacitive
slits

capacitive
slits

Further improvements will attempt to use a combination of the two sensing
methods to give a good range to cope with large transit-time shifts while, at
the same time, minimizing dark current. In addition, system variables will be
added to allow set up of the phase-control system from the control desk.

5.4,5 Pi-Mode Studies

J.A. Hulbert and R.M. Tlutcheon

At present, pi-mode operation is limited by heating of the accelerating cavity
wall at certain locations in the midplane. Power experiments to separate the
heating effects of possible inherent wall discontinuities and of current
perturbations introduced by hill lenses and probe ports, will be carried out
during the TASCC Phase II installation. It is hoped that the excess heating
can be corrected during this period.
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Additional tools for studying pi-mode heating and future improvements to the
rf structure are being prepared: (i) a half-scale accurate model of the rf
cavity has been assembled with the help of G. Corriveau (TASCC Operations) in
preparation for low-power model measurements; (ii) Helena Lindqvist is
collaborating with G. Bieth of AGOR to see whether his numerical transmission-
line model can be used to calculate pi-mode parameters; (iii) a numerical 3-D
potential model is being investigated.

Some work has been started to use the CAV3D code (Wilhelm-Munich) but another,
better supported, code MAFIA (a.k.a. URMEL-3D) by Wieland is also now
available.

5.5 INJECTION

5.5.1 Foil Changer

C.R.J. Hoffmann and J.F. Mouris

Throughout this reporting period the foil changer has operated in a modified
mode in which the foils on the transport chain are replaced in one session of
reloading rather than one foil at a time as they are used. After minor
tuning, the unloading and loading operations have been performed
consistently. Improvements to the foil magazine have been identified which
should eliminate the occasional misalignment of a foil when it is presented to
the loader, which leads to the system jamming. These improvements will be
made daring the next shutdown.

A small surface defect was found on one of the side rails of the foil
magazine, which caused foil frames to catch occasionally. A foil frame would
then become misaligned for transfer from the magazine to a foil carrier and
:n». ?.ofider "aechanism would jam. This flaw has baen repaired and foil loading
has been consistently reliable.

Evidence is accumulating that the transport chain needs to be relubrlcated.
Accuracy of foil positioning in the dee for intercepting beam has degraded,
probably from links in the chain stiffening. The chain will be removed and
relubricated during the next shutdown.

5.6 EXTRACTION

5.6.1 Electrostatic Deflector

C.R.J. Hoffmann and J.F. Mouris

Circuitry to interface a new high voltage power supply (125 kV, 4.8 mA) to the
computer control system is complete. The power supply has been installed,
commissioned and is in service.

The gear pump in the deionized water system has been repaired after its output
pressure dropped from 600 kPa to 440 kPa. It is becoming clear that this type
of pump does not have adequate lifetime for this application. A turbine pump
has been chosen as a replacement.
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by G. Dolling
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Assistant to Vice-President - G. Dolling
Secretary - J. Vaudry

PHYSICS SUMMARY

6.1 Condensed Matter Physics - Overview

Neutron diffraction and magnetic susceptibility measurements have been made
on ceramic oxides of the form La2_xSrxCu0^, with x=0 and 0.15. The pure
lanthanum (non-superconducting) compound was found to be antiferromagnetic
below TJJ ~ 330 K, whereas no sign of antiferromagnetism was detected in the
superconducting x=0.15 material. The addition of Sr thus produces
superconductivity while suppressing antiferromagnetism (7.5, 7.6).

From detailed theoretical and experimental studies of intermolecular
interactions in solid cyanogen (NCCN), parameters describing 3 non-bonded
interatomic potentials (N-N, N-C, C-C) have been derived. These differ
significantly from those derived from other simple carbon- and nitrogen-
containing molecular solids, thus casting doubts about the general validity
of such potentials (7.7).

Neutron inelastic scattering experiments on the spin-one system CsNiCl-j,
with both polarized and unpolarized neutrons, have confirmed that the spin-
wave excitation near 0.27 THz has mainly <SXSX> symmetry with a small
admixture of <SZSZ>. This result can be reconciled with our previous linear
spin-wave model by assuming a very large single-site anisotropy, but the
resultant arrangement of the spins is then not consistent with the known
magnetic structure of CsNiCl-j (7.18). These polarized neutron experiments
provided, in effect, an excellent test of the recently installed Heusler
alloy crystals and also of a supermirror bender plus pyrolytic graphite
analyser system that replaced the Heusler analyser for some of the
experiments (7.20). The experience gained will be invaluable for the design
and construction of the lower spectrometer of DUALSPEC (now in progress).

A major step forward has been made in our crystallographic texture analysis
capabilities, with the completion of a program for extracting the
crystallite orientation distribution function from Bragg intensity pole
figure data. This software package will have a significant impact on
commercial contract as well as basic research work (7.14), as will also the
recently commissioned 13- and 30-element multidetector arrays. The 13-
element array has increased data-collection rates in ANDI experiments by a
factor x3.5, with 30% better resolution (7.24).

The availability of NRU neutrons during the 6-month period was a typical
75%, while all neutron spectrometers operated at more than 95% efficiency
(7.27). The participation of non-CRNL scientists in the experimental
programs continues to increase, as does the pressure from commercial ANDI
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experiments. These have led to increasing demand for spectrometer time and
a higher throughput of experiments.

6.2 Superfluid He: A Review of Research on the Condensate Fraction

In 1938, Fritz London proposed that there was a close connection between the
lambda transition in liquid helium and the phenomenon of Bose-Einstein
condensation. Although this proposal was at first strongly disputed, it
gradually gained widespread acceptance, but remained without experimental
verification for more than 30 years.

In 1966, Hohenberg and Platzman (Phys. Rev 1_52 (1966)198) made the proposal
that the condensate fraction n Q might be determined from neutron inelastic
scattering measurements at large momentum transfer (Q). This led to
numerous attempts, but the different studies gave conflicting values (Table
1) ranging from 2-17%, a highly confusing situation.

Table I Values of the condensate fraction at very low temperatures
obtained from early neutron-scattering experiments: n Q is quoted

as a percentage, with errors in parentheses

Aut ho r s (approx.)

Cowley and Woods 1968 5.1 17 (10)
Harling 1970 & 1971 14.3 8.8 (1.3)

20.3 15.6 (3.7)
Mook, Scherm and Wilkinson 1972 14.3 2.4 (1.0)
Mook 1974 14.8 1.8 (1.0)
Aleksandrov et al. 1975 14.1 3.6 (1.4)
Dokukin et al. 1976 12 to 14 2.2 (0.6)
Woods and Sears 1977 6 to 8 6.9 (0.8)

In the early 1970's, a decision was made to mount a concerted attack on the
condensate problem at the Chalk River Nuclear Laboratories. The first
hurdle to overcome was to understand why the condensate had not been clearly
seen in the previous studies, and why these studies gave such conflicting
values for n Q. A major breakthrough in understanding came when
E.C. Svensson and, independently, R.A. Cowley realized that final-state
interactions and interference effects were much larger than previously
believed and that, by using a simple lifetime model together with values of
the *He- He total atomic scattering cross section known from atomic-beam
measurements, one could obtain a quantitatively correct description of the
oscillations in the width of the Scattering Law S(Q,<*>) at large Q. These
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oscillations had been a puzzle since they were observed several years
earlier by Cowley and Woods (Can. J. Phys. 49 (1971) 177). It thus became
clear that the discrepancies between the existing value for n Q were largely
due to inadequacies in analysis, and that none of these values could be
relied upon: the Impulse Approximation, which had been invoked in the
analyses, was simply not valid in the range of Q of the measurements. This
work was included in a paper by Martel, Svensson, Woods, Sears and Cowley in
1976 (J. Low Temp. Phys. 23_, 285). The contributions in this paper that
were crucial to the progress of the Condensate Saga were those of Svensson
and Cowley mentioned above, and the proposal of a new procedure for
obtaining more reliable values of the atomic momentum distribution n(p) from
the observed S(Q,w) which was largely the work of Sears. This new procedure
was subsequently applied by Woods and Sears (Phys. Rev. Lett. 39_ (1977) 415)
to the earlier results of Cowley and Woods. They found a change in n(p) at
small p between 4.2 K and 1.1 K that they tentatively attributed to the
appearance of the condensate below T^, and from which they inferred a value
of 6.9% for nQ. The situation was, however, still unclear since the
reference temperature, 4.2 K, was twice as far above T^ as 1.1 K was below.
It was thought that some effect other than the appearance of the condensate
might be responsible for the change in n(p).

By this time, Svensson and Sears clearly saw what needed to be done to
observe and measure the condensate: new measurements were planned and
carried out, and an improved analysis procedure was developed, with the
resulting success reported in a Physical Review Letter of 1982 (49,279).
Figure 1 shows the n(p) for four temperatures presented in this paper. The
marked change in n(p) on cooling from a temperature, 2.27 K, just above T^
to a temperature 2.12 K, just below T^ provided conclusive experimental
evidence of a substantial Bose-condensate fraction in superfluid ^He.
Forty-four years after he made his imaginative suggestion, London was
finally proved to be right. The values of no(T) that Sears and Svensson
obtained by applying their improved analysis procedure to the results of
Fig. 1 and the earlier results of Cowley and Woods are shown by solid
circles and a solid square in Fig. 2. This figure summarizes recent
measurements of the condensate fraction by many different techniques.

Liquid helium continues to be a subject of intense interest, with many
unusual aspects requiring further experimental and theoretical study.
During the period of this report, additional studies of the temperature
dependence of the dynamical structure factor and of the static structure
factor at elevated pressures have been undertaken (7.3, 7.4).
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6.3 Neutron and Neutrino Physics

A major milestone was reached in the Sudbury Neutrino Observatory project,
with the preparation and submission of a detailed proposal document to
Canadian and US funding agencies (7.30).

In a series of collaborative experiments at the Los Alamos LANSCE facility,
involving scientists from several US laboratories and from CRNL, the
transmission of polarized epithermal neutrons through several heavy elements
has been measured. Evidence for parity violation was confirmed in a *™La
resonance, and a finite parity cross section asymmetry was discovered in a
155Gd resonance (7.35).

Several important technical developments have been made in connection with
the proposed Multidetector Array for Reaction Studies (MARS) project. These
include a pulse-shape discriminator circuit for analysis of signals from
light ion bombardment of phoswich detectors (7.36), and an optical pulser
system for stabilization and calibration of scintillation detector arrays
(7.37).

6.4 Theoretical Physics

A wide variety of topics has been studied, from the optimization of neutron
monochromator crystal thickness (8.3), through the depth distribution of
daughter nuclei resulting from implantation of a radionuclide in a foil
(8.7), to the relevance of conformal field theory for critical phenomena
(8.14). V.F. Sears has completed his magnum opus on neutron optics, for
publication by Oxford University Press, while I.S. Towner and B. Castel are
writing a book on nuclear magnetic and quadrupole moments (8.2, 8.12). A
paper by M. Harvey and his collaborators describes the breathing modes of
nucleons and deltas, using the generator coordinate technique in the chiral
soliton model (8.10). A detailed analysis of the electrostatic potential
has been made in terms of cylindrical harmonic functions, for Bragg-curve
detectors being developed at CRNL (8.20).

6.5 Fusion

The Canadian National Fusion Program continues to play a significant role in
selected areas of the world-wide effort aimed at deriving power from nuclear
fusion. The newly-commissioned Tokamak de Varennes performed over 2000
discharges, achieving plasma currents of 200 kA and pulse lengths exceeding
I second (9.3). The Canadian Fusion Fuels Technology Project has been
successful in promoting "made in Canada" fusion-related goods and services
in the United States, Europe and the Middle East (9.A) Attempts to
establish a Canadian inertial confinement program, based in Alberta, have so
far proved unsuccessful (9.6).
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6.6 Radionuclide Metrology and Detectors

I O C

A preliminary report on the recent international comparison of 1Z-'I shows
the CRNL value, (2.050+0.004) MBq.g"1, to be in excellent agreement with the
weighted mean of values from six laboratories, (2.052+0.004) MBq.g (7.44).

Large-area membrane sources have been developed for a variety of radioactive
species: a °^Co source, 180 mm x 140 mm, was shown to be highly uniform by
cutting it into 30 pieces which were individually weighed and counted
(7.45). These large area sources may have application to the calibration of
liquid effluent monitoring equipment (see for example 7.49).

Several improvements have been made to the JHe gas-handling system and to
various test procedures involved in the production of ^He neutron detectors.
Two ^He-Ar filled detectors that meet all requested specifications have been
provided to the Neutron Scattering Group (7.42). Good progress has been
made towards manufacture of a multiwire position sensitive neutron detector
(7.41).

6.7 High-Voltage Mass Separator

Excellent progress has been made towards the recommissioning of the Physical
Chemistry Branch HVMS (otherwise known as the Pelletron). Following
extensive tests, the rated terminal voltage of 2 MV was achieved - for the
first time in 3 years - and 1 MeV Ar and Kr beams of 0.5-1.5 pA were
extracted and analysed (7.40).
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7.2 Cold Neutron Source for the NRU Reactor

E.C. Svensson, W.J.L. Buyers, J.H. Root and T.M. Holden with G. Dolling
(Office of the Vice President), V.F. Sears (Theoretical Physics
Branch), P.M. Brewster (Reactor Physics Branch), W. Mellors
(Mechanical Equipment Development Branch) and B.D. Howden (Nuclear
Safety and Technology Branch)

The third vessel Cor the NRU reactor, which Ls expected to be installed in
the early 1990's, will have a T-tube arrangement (a large tube from the T3
hole in the thermal column joined to the C2-N2 through tube), provided so that
a cold neutron moderator can be inserted in the centre of the C2-N2 through
tube allowing beams of cold neutrons to be taken out both sides. Since a cold
neutron moderator can greatly enhance the flux of low energy neutrons (e.g.,
by ns much as a factor of 10 for the very important 5 raeV, 4 A neutrons), such
-m arrangement will give a tremendous boost to the Canadian neutron scattering
program, making possible several types of new studies t'-t are, at present,
only feasible at cold neutron facilities in other countries.

The ideal cold neutron moderator is a low temperature fluid (5 meV corresponds
to H temperature of 60 K) having light atoms or molecules, to give good
thermallzatlon in a small volume, and negligible neutron absorption. In
practice, the best materials are hydrogen and deuterium. The choice of
whether to use liquid or supercritical H2 or D2, or a mixture of the two iso-
topes, depends critically on the space available, radiation heating of the
cold moderator and its containment, safety considerations, etc. A Design Team
has now been formed to carry out the calculations needed to select the optimum
moderator, and to develop a conceptual design for the cold source. Several
meetings have been held and information on the thermodynamic and neutron scat-
taring and absorption properties of hydrogen and deuterium has been assembled
in preparation for detailed calculations using reactor physics codes and
theoretical models. Codes currently available at Chalk River cannot be
directly used as they were developed for higher energies and they do not take
account of the dependence of the cross section on the discrete rotational
states of the H2 or 02 molecules at low temperatures. Since there is space
for a relatively large cold moderator (the T3 tube has an oval cross section
wLth inside dimensions 22.23 cm wide * 33.66 cm high), preliminary analysis
suggests that we will wish to use a deuterium-rich H2-D2 mixture, or possibly
even pure deuterium, most likely in the liquid phase.

7.3 Temperature Dependence of S(Q,to) for Liquid He at High Pressure

E.C. Svensson with E. Talbot and H.R. Glyde (University of Delaware)
and W.G. Stirling (Institut Laue-Langevin, and the University of Keele)

In our last report (PR-PHS-P-3: 7.23; AECL-9503) we discussed the consequences
jjf analyzing the results (PR-PHS-P-2: 7.19; AECL-9351) for S(Q,u>) for liquid
He Ht 20 bars pressure in terms of the Woods-Svensson (W-S) model (Phys.
Rev. Lett. 41 (1978) 974). Since then, we have also analyzed these results in
terms of a different model, which we will call the simple-subtraction (S-S)
model, suggested by Griffin (Can. J. Phys., in press). In this model, the
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S(Q,w) observed at the lowest temperature (1.29 K in the present case) is
separated Into oae-phonon and multtphonon components by assuming that the
one-phonon peak is a very narrow lorentzian broadened by the gaussian
experimental resolution. The multiphonon component thus obtained is then
assumed to be independent of temperature, and is subtracted from the observed
S(Q,'.o) at each other temperature to yield the "one—phonon" components from
which "one-phonon" parameters (intensities, frequencies and intrinsic widths)
are obtained. Although the assumption of a temperature independent
multiphonon component is certainly not correct in general, as shown by the
experimental results of Svensison et al. (Can. J. Phys. _54_ (1976) 2178),
experimental measurements do show that the high frequency part ( v = (j/2it
> 0.7 Trlz in the present study) of 3(Q,'->) is essentially independent of
temperature, and one would also expect the multiphonon part of S(Q,'•*>) to vary
less rapidly with temperature than the one-phonon part. We thus felt it
worthwhile to investigate the consequences of applying the S-S model.

In contrast to the W-S model, which assumes that one-phonon excitations exist
only in the superfluid phase (T < T\), the S-S model gives a "one-phonon"
peak for all temperatures. With the S-S analysis, the intensity of this peak
is essentially constant up to about 1.7 K (i.e., about 0.9 T\) and then
increases rapidly. In contrast, the W-S one-phonon intensities decrease
tnonotonically to zero at T\ with very nearly the same temperature dependence
ss P S(T), the macroscopic superfluid density. The S-S model predicts a much
larger variation of both the frequency and the intrinsic width in the region
below Ti, at least twice as large as the W-S model for the roton modes (Q =
2.0} A~ ). The S-S widths thus do not agree at all with those predicted by
the Landau-Khalatnikov theory for rotons whereas the W-S widths agree extre-
nfily well. The S-S frequencies also violate the stability bound required by
the theory of Bedell et al. (J. Low Temp. Phys. 43̂  (1982) 417) whereas the W-S
frequencies do not, and they are in serious disagreement with the frequencies
Inferred from tharraodynaraic measurements whereas the W-S frequencies are in
'-"iry good agreement with these values. The one-phonon parameters given by the
'.; -3 model thus appear preferable to those given by the S-S model. The W-S
model does not, however, give an entirely adequate description of the results
for S(Q,w) at 20 bars, and it is an empirical model without theoretical
just.'.Eication. We clearly still do not have a totally satisfactory
understanding of the temperature dependence of S(Q,w) for liquid He,
especially in the region just below T\.

7.4 Static Structure Factor of Liquid He at Elevated Pressures

E.C. Svensson, J.H. Root, H. Lin and D.C. Tennant

This study, which was suspended earlier because of severe cryogenic and line-
blockage problems (PR-PHS-P-2: 7.10; AECL-9351), has been resumed following
extensive modifications to the experimental apparatus (PR-PHS-P-4: 7.26;
AECL-9680). The measurements are being carried out using the 1.3 spectrometer
operated so as to determine the total scattering for a fixed incident-neutron
energy of 111.1 meV obtained from a Be(110) monochromator. Each complete scan
consists of the measurement of the total scattering and the fast—neutron back-
ground (obtained by placing a boral/cadmium shutter in the incident beam) at
steps of 0.1° in the scattering angle, <!>, for 2° £ * £ 29.9° and steps of 0.2°
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for 30° < $ < 116.4°. Thus far, complete scans have been obtained at tempera-
tures of 1.82 and 1.95 K for a helium density of 0.153 g/ctn and, to make
contact with the earlier measurements, at a temperature of 1.1 K for a density
of 0.161 g/cm . The pressure cell is an aluminum cylinder having an internal
diameter of 4.45 cm and containing horizontal boron nitride spacers separated
by 1.6 cm to minimize multiple scattering by the liquid helium. Its
contribution to the background scattering has also been determined.

7.5 Neutron Diffraction in Lai • 85Sr_0•

J.H. Root and B.M. Powell with F.P. Koffyberg (Brock University)

Previous investigations (PR-PHS-P-3: 7.18; AECL-9503) of the superconducting
ceramic Lai • 83Snj. isCuOit and its parent compound La2Cu0it revealed a tempera-
ture dependence of the structures of both compounds. La2Cu0i( was found to
develop an antiferromagnetto superlatti.ee below Ty x 330 K.

In a polycrystalline sample of Lai•tfsSro•l^CuOi) we have searched for evidence
of long-range ant (.ferromagnetic ordering below the superconducting critical
temperature (« 35 K). Measurements were made to observe the (001) and (031)
ant I. ferromagnetic superlattice peaks but neither could be observed. This
supports the result of Fugita et al. (Jap. J. Appl. Phys. 2!6_ (1987) Suppl.
26-3) that superconductivity and long-range antiferromagnetic ordering appear
to be mutually exclusive in this class of superconductors.

A detailed investigation of the tetragonal to orthorhombic structural phase
transition at 189 K in the superconductor was also undertaken. Measurements
were made of the orthorhombic splitting of the (200) and (002) diffraction
peaks and of the growth of the (041) peak intensity below the transition. The
data were simultaneously fitted to a power law, and the exponent, P, was found
to be ~ 0.22. This result agrees with the value found by Day et al. (J.
Phys. C 20_ (1987) L429).

The results show that the addition of Sr to La2Cu0i+ (i) produces superconduc-
tivity, (ii) suppresses long-range antiferromagnetic ordering and (iii) lowers
ths temperature of the structural transition to 189 K.

7.6 Measurement of Superconductor Critical Temperatures by Magnetic

Susceptibility

R. Donaberger and J.H. Root

Susceptibility measurements as a function of temperature on high T c super-
conductors in sintered pellet and in powder form have been carried out. This
was done using an AC bridge operating at 16 Hz to measure the difference in
mutual inductance between coils with and without the superconductor. It was
verified that the powder of Lai•SbSru.isCuOi* used in neutron diffraction
measurements (PR-PHS-P-4: 7.5; AECL-9680) was indeed superconducting below
35 K.

In that sample, Tc could not be measured by a 4-wire resistance technique
because of poor electrical contacts, and connectivity. An improved apparatus
for such measurements between 4.2 K and room temperature is being constructed.
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7•7 Intermolecular Potentials in Cyanogen

B.M. Powell with B-H. Torrie (University of Waterloo)

Cyanogen (NCCi\F) is a simple linear molecule. The previous neutron powder dif-
fraction measurements at 15 K (PR-PHS-P-3: 7.7; AECL-9503) have been refined
and confirm that the crystal structure is orthorhombic with space group Pbca
and lattice parameters a = 6.2013(2), b = 6.1509(3), c = 7.0652(2) A. The
structure is centrosymmetric and the relatively large unit cell contains four
molecules. Since there are only two different atoms in the molecule there are
a limited number of adjustable parameters needed to describe the interatomic
non-bonded atom-atom potentials; only six in our model. There are a much
larger number of eKperimental lattice frequencies to which these parameters
may be fitted. Specifically there are eight librational modes which are Raman
active and six translational modes which are infrared active. Thus cyanogen
is an excellent material for testing models of simple interatomic potentials
i<i molecular crystals.

The lattice dynamics of cyanogen was investigated in an earlier paper (B.
Andrews et al. J. Phys. C _17_ (1984) 3279), but two vital pieces of information
were lacking at that time. Both the crystal structure at low temperatures,
where a harmonic theory is applicable, and the value of the molecular quadru-
pole moment were not known. We have now determined the crystal structure at
15 K from our neutron powder profile measurements and the quadrupole moment in
che gas phase has recently been measured (I.R. Dagg et al., Can. J. Phys. 64
(1986) 1475). This new information has been included in a revised calculation
of the lattice dynamics and the parameters of the three non-bonded interatomic
potentials (C-C, N-N, C-N) have been determined. The results show that the
potential parameters are very dependent on the strength of the quadrupole-
quadrupole interaction. But the best fit to lattice frequencies and to the
equilibrium conditions is obtained with a quadrupole moment close to the
measured value. However, the non-bonded potentials are then significantly
different from those derived from other simple molecular solids containing
carbon and nitrogen. This discrepancy shows that the determination of
realistic potential parameters can only be made with both static (crystal
structure) and dynamic (lattice frequencies) experimental data. Serious
questions are thus raised about the validity of the assumption of
"transferability" of these simple potentials.

7.8 Crystal Structures of Methylene Iodide

B.M. Powell with D. Prystupa and B.H. Torrie (University of Waterloo)

The crystal structures of the three phases of methylene iodide (CH2I2) identi-
fied from the neutron powder diffraction measurements reported previously
(PR-PHS-P-3: 7.9; AECL-9503) have been fully refined. Measurements were made
at temperatures of 16, 30, 50 and 255 K. At 16 K phases II and III are
present while at 50 K phases I and II are observed. At 30 K and 255 K only
phase II is present.

The data were refined using Rietveld programs capable of treating one or two
component phases as appropriate. Phases I and III are found to be closely
related and both have the monoclinic space group C2/c Phase II has a simpler
orthorhorabic structure with space group Fmra2. In all phases the molecules
form zig-zag chains in the direction of the I-I internal bond. In phase II
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the molecules all have the same orientation within the chains. But for phases
I and III there are two molecular orientations differing by « 180°. Two
adjacent planes of chains have one orientation and the next two planes have
the opposite orientation. We believe these data are the first in which multi-
component refinements have been successfully completed for a hydrogen contai-
ning molecular solid.

7.9 Phonons in the Alloy Nip.

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

The study (PR-PHS-P-2: 7.16; AECL-9351 and PR-PHS-P-3: 7.20; AECL-9503) of
phonons In this non-stoichiometric alloy has been continued. In the new
measurements, carried out on the C5 spectrometer, emphasis has been placed on
the [CCO]Ti acoustic branch and on the weak high-frequency optic modes which
are very difficult to observe in our small specimen. In total, about 40 addi-
tional phonon modes have been observed in the (100) plane of the reciprocal
lattice. The [CCO]Tl acoustic branch is found to be anomalously low in fre-
quency compared to the corresponding results for Ni0.5AJi.0-5 (PR-PHS-P-2: 7.15:
AECL-9351). The frequency ratios (Nio.bSA^O. 1+2/Niu.sA^o.5) for phonons at
identical wave vectors on this branch range from 0.51 at low C to 0.84 at £ =
0.3 and 0.75 at C = 0.5. A "kink" in this branch was observed for Nio. 5AJI0. 5,
but none Is evident for Nio. 58A.Ho. 42. The results to date (» 130 phonons) for
this alloy were analyzed in terms of a Born-von Karman frrce-constant model
with interactions extending to 5th nearest neighbours. Although the frequen-
cies observed for the [CCO]Tl branch were very different from those predicted
by an earlier model fitted to the other branches, a good fit to all branches
was obtained. The main effect of the inclusion of the anomalously low [CCO]Ti
branch was a large reduction (« 50%) in the 2XX(AJl-AJl) force constant. This
force constant is now approximately 40% smaller than for Nio.5A£o.5 whereas
the lXX(Ni-AA) and lXY(Ni-AA) force constants remain virtually unchanged at
values about 20% larger than for Nio.sAAg.s as reported previously
(PR-PHS-P-3: 7.20; AECL-9503).

7.10 Vacancy Propetties in TIP

S.M. Kim and B.M. Powell

Powder neutron diffraction profiles have been measured for nominally stoichio-
metric TiO powder samples at 20°C and 600°C. Similar profiles have also been
measured at 20°C after equilibrating at 600°C (2 days), 800°C (2 hrs) and
1000°C (2 hrs). There was no Indication of any chemical reaction between the
specimen and vanadium cassette following the high temperature equilibrations
(PR-PHS-P-3: 7.11; AECL-9503). The width of the diffraction peaks was appre-
ciably broader than the resolution and remained unchanged after all these heat
treatments.



7-10

Rietvtild analysis of the data showed that the cubic lattice parameter decrea-
ses initially aftar anneals at 600°C and 800°C, and then increases after
anneal at 1000°C. This change appears to be a result of the ordering of
vacancies below about 1000°C, which causes the corresponding unit cell volume
to decrease sli.ghtly. The occupation factor for Tl atoms relative to oxygen
has been determined assuming that there are no anti-site defects present in
the compound. The Ti occupation factor then appeared to be nearly independent
of the various heat treatments, and had the value 0.88 ± 0.01. Since the
precise composition of this compound is not yet determined, it is not possible
at the moment to draw firm conclusions about the defect structure in TiO.

7.11 Elastic and Inelastic Neutron Scattering from Myoglobln

P. Martel and U. Lin

Very lou frequency modes of vibration in proteins are likely to involve col-
lective motions of a large number of atoms. These collective motions could be
associated with conformational changes involving function (e.g. the opening
and closing of pathways to permit transport of O2 to and from the heme group
ia myoglobin). At room temperature, myoglobin's secondary structure is a
series of a-helices joined by flexible liquid-like regions and it has been
r^cttntly deduced from computer calculations that these helices vibrate as
semi-rigid entitles (M. Karplus, Physics Today, 40(10) (1987) 68). At
temperatures below 200 K, the "freezing in" of the liquid-like regions between
the helices is expected to result In a transition to a glassy state in which
ill tho amlno acids undergo localized vibrations.

In this preliminary experiment we have carried out elastic and inelastic
i.ie-isureifients on lyoohilized myoglobln at wave vector transfers, Q, of 1.0,
1.4, 1.35 arid 3.0 A~ and temperatures of 77 K and 298 K. The measured inco-
herent elastic peak intensities all had full widths at half maximum of 0.17 ±
0.01 THz (spectrometer resolution) at both temperatures and their variations
in integrated intensity with Q yielded mean square displacements <Ax > of
(0.030 i 0.002)A and (0.075 ± 0.004)A at 772K and 298 K Respectively. These
values may be compared with values of 0.063 A and 0.175 A derived from x-ray
dLffraction measurements on crystalline myoglobln (Hartmann et al., Proc.
N'atl. Acad. Sci. USA, J9_ (1982) 4967). The reason for the differences between
til" two sets of values Is not known at present.

At 77 K the inelastic measurements indicated a broad peak with a mean
frequency » 0.9 THz at all Q's. A fit to the scattering with two Gaussians
(one for the elastic scattering and one for the inelastic component) yieldad a
frequency for the inelastic peak of (0.88 ± 0.03) THz for summed data from all
Q's. The fitted width at half maximum was (1.25 ± 0.14) THz. At 298 K the
inelastic scattering appeared as a shoulder which merged with the elastic
peak. The same fitting procedure indicated a frequency of (0.27 ± 0.14) THz
and a width of (1.84 ± 0.23) THz. No additional inelastic structure was
observed for frequencies up to 3.0 THz, the limiting frequency of the present
measurements.
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The results are being analyzed in terras of ja simple harmonic oscillator
Langevin equation. In this analysis the <Ax > values are used to obtain
effective force constants which are then combined with the observed frequen-
cies to arrive at effective masses for the oscillator. At room temperature
these effective masses are of the order of the helix masses. At 77 K the
effective masses approximate the average value for the amino acids which make
up the protein. Our results therefore tend to confirm the molecular dynamics
calculations carried out by Karplus.

7.12 Inelastic Scattering in Rapidly Solidified Ethanol

J.H. Root and B.M. Powell

In previous investigations of the neutron inelastic scattering from amorphous
ethanol, obtained by quenching into liquid nitrogen (PR-PHS-P-3: 7.22;
AEGL-9503), we believed we had observed the time evolution of the devi-
trification of the amorphous solid.

We have attempted systematically to investigate the time evolution of the
devitrification process. For fixed momentum transfer and temperature we
repeatedly scanned the energy transfer over a period of three to four days.
No time dependence of the scattered distribution was observed in the present
experiment. This may indicate that the previous experiment suffered from an
unknown detector or temperature controller fault. However, it may also
indicate the importance of surface effects on the rate of devitrification.
Th=> aluminum container had its surfaces etched by water between the two
experiments and it is possible the changed condition of the surfaces has
changed the time scale of the devitrification process. However, replacement
of the t\JL container by one whose walls were silicon wafers also did not result
in H time resolvable process-.

7.13 Measurement of Residual Strains and Alumina Concentration in
Infiltration-Toughened ZirconTa Pellets

J.H. Root with J.D. Sullivan (Fuel Materials Branch) and B.D. Sawicka
(NDT Development Branch) and S.J. Glass (Pennsylvania State University)

LnfiIt ration-toughening techniques show promise for the improvement of the
mechanical properties of ceramic components of arbitrary shape. We have
employed neutron diffraction and gamma ray tomography to characterize a series
of pellets with varying times of infiltration-
Neutron diffraction determined how the concentration profile of alumina
depended on infiltration time. It was found that the infiltration depth has a
time dependence consistent with capillary or diffusion-driven processes. Two
pellets with infiltration times 0.4 min. and 0.7 min. with alumina penetration
depths less than 1.7 mm were analyzed for residual strain with respect to a
non-infiltrated pellet. At the disc surface, the usual ANDI techniques
indicated compressive strains (-3 x 10" ) in the plane of the surface and
tensile strains (+ 2 x 10~ ) along the cylindrical axis. This would indicate
that compressive surface stresses are the mechanism for fracture resistance.
These values were near the limit of precision (« 1.5 * 10" ) of the L3
spectrometer with a Si[113] monochroraator, take-off angle of 105°, and 0.25°
collimation before and after the sample.
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As a trial to determine whether or not ANDI could provide a useful service to
the growing field of industrial ceramics, this project has been a success.
The performance of the 13-element detector, described in this report
(PR-PIIS-P-4: 7.24; AECL-9680) makes measurements of the small strains in
ceramics particularly feasible. Another experiment on alumina-toughened
zircon La is planned in which improved sample preparation will enable a
distinction between strains due to Infiltration and those due to mechanical
processing of the pellets.

7.14 Completion of Texture Analysis Software for Samples with Cubic
Crystallographic Symmetry

J.H. Root and T.M. llolden

A program for full analysis of Bragg intensity pole figure data from neutron
or X-ray diffraction has been written and tested. Output is in the form of
coefficients of a series of Jacob! polynomials, with associated uncertainties
and a tabulation of the series at a grid of points in Euler space, constitu-
ting an approximation of the crystallite orientation distribution function
(CODF). The package o£ programs enables on-screen graphical presentation of
pole figures and COOF's, correction for slight asymmetries due to sample
mounting, production of the CODF, and reconstruction of pole figures from the
CODF coefficients. All programs run on a "standard" personal computer confi-
guration: tBM XT or AT or 386 with coprocessor and high resolution Hercules
graphics driver.

The software has been applied to the analysis of texture in T-weld (PR-PHS-
P-2: 7.14; AKCL-9351) base material and in a series of steel samples to
validate an ultrasonic texture determination technique under investigation by
the Industrial Materials Research Institute (NRC). We will be extending our
package to enable texture analysis of samples with hep crystallographic
symmetry.

7.15 Phase Diagram and Crystal Structure Studies of (CuGa)i_yMn?xTe2

and (AgGa)-[-xMn2xTe?

D.R. Noakes and T.M. Holden with J. Woolley and D. Bissonnette
(University of Ottawa)

This is a relatively new class of magnetic semiconductors. While the non-
magnetic endpoints CuGaTe? and AgGaTe2 have the tetragonal chalcopyrite struc-
ture, it has been suggested that the addition of manganese will cause lower
symmetry structures to form. Neutron powder diffraction measurements were
performed at the L3 spectrometer with a single crystal silicon monochromator
((1.13) reflection) generating a beam of wavelength 1.88 A, with angular
resolution (FWHM) of 0.5° at low and mid-range scattering angles, rising to
0.9° at high angles. The diffraction patterns of (CuGa)i_xMn2xTe2
(nominally x = 0.2 and 0.4) and a sample of (AgGa)<j.6Mn2(0« ̂ )Te2 showed
them to be multiphase. A sample of (CuGa)o.9Mn2(o-l)Te2 appeared to be a
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single phase, and Rietveld refinement of the patterns was consistent with the
tetragonal chalcopyrite structure, providing no evidence for any lowered
symmetry. Attempts are being made to make single phase samples at
concentrations (x) higher than 0.1.

7.16 Random-field Induced Distortion in Mixed Dy(As,V)Qi+

D.R. Noakes and W.J.L. Buyers with D.R. Taylor and J. Graham (Queen's
Univers Lty)

Below its Jahn-Teller transition temperature, the system was expected to
exhibit effects analogous to the well-known magnetic random-field problem.
These should include Bragg peak broadening due to finite domain sizes. Pre-
liminary tieatron scattering measurements were performed on a twinned single
crystal of Dy(AsxV|_x)0(t with x = 0.984 in zero magnetic field and in
applied fields up to 2.0 T. When cooled below the transition temperature (9
K), Bragg peaks split, but not along a symmetry direction of the high
temperature tetragonal structure (nor along the field direction when field was
applied). This suggests the distorted structure is not the simple orthorhom-
bic structure of pure DyAsOit and DyVOi^. It is not yet clear whether this can
be explained by random-field effects. Fields of 1.0 T or larger cause an
apparently single-domain state below 9 K. There was no significant peak-
broadening at any time.

7.17 Excitations in Single-Domain USe at Low Temperatures

T.M. Holden, D.R. ».akes and W.J.L. Buyers with P. de V. DuPlessis
(Rand Afrikaans University)

A second crystal of USe was aligned with the existing crystal (PR-PHS-P-1:
7.8: ASCL-9262) to triple the volume of available material. In addition a
high-Intensity Si(lll) to graphite (002) spectrometer configuration greatly
improved the data rate. The combined sample was field-cooled in a magnetic
field of 2.5 T through the Carle point, 160 K, to create a single domain
.sample at 4.2 K.

Measurements ^ade at the reciprocal lattice points (222), (2,2,-2), (220) and
(113) all showed the presence of an optic phonon mode around 6 THz and a
magnetic peak around 9 THz. With no correction for background yet made, the
magnetic intensities recorded at the (222) and (2,2,-2) positions were nearly
the same in agreement with earlier measurements. The principal effect of an
offset in wave vector from the reciprocal lattice point was to reduce the
magnetic intensity strongly with respect to the optic phonon. Little disper-
sion was observed, either in the (111) direction or in new results for the
(001) direction, In contrast to the quadratic dispersion observed earlier.
The origin of the discrepancy is being investigated.

7.18 Symmetry of Spin Waves and Haldane Gap Mode in CsNiC-^3

Z. Tun and W.J.L. Buyers with R.L. Armstrong and J.S. Rosenthal
(University of Toronto) and E.D. Hallraan (Laurentian University)

A neutron scattering experiment utilizing polarized as well as non-polarized
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neutron beams was carried out on the spin-one system CsNiCAs to check the sym-
metry of spin waves recently reported by M. Steiner, K. Kakurai, J.K. Kjems,
D. Petitgrand and R. Pynn (J. Appl. Phys. _61_ (1987) 3953). In the 3-
dimensional phase (T < 4.2 K), it was confirmed (see the figure) that the
highest-energy observable mode has a symmetry of <SXSX> and <SZSZ>,
but the contribution from <SZSZ> is small. Since this observation dis-
agrees with the yy polarization predicted in the spin wave calculations by
R.M. Morra, W.J.L. Buyers, R.L. Armstrong and K. Hirakawa (Phys. Rev., to be
published), the calculations were repeated with different sets of parameters.
This attempt to reconcile the experimental results with linear spin wave
theory revealed that an observable <SXSX> + <SZSZ> mode can be
obtained by assuming a very large single-site anisotropy, but the resultant
arrangement of the spins is not consistent with the known magnetic structure
of the material.

Observations made in the 1-dimensional phase (T « 7.5 K) also agree with those
of Steiner et al. They confirmed the excitation between ground state and the
Haldane gap mode to be unpolarized, indicating a contribution from a longitu-
dinal matrix element. Since it is hard to imagine how any combination of
singlet and doublet states would give such a contribution, the transition is
conjectured to take place between a singlet ground state and a triplet excited
state. This is consistent with a recent theoretical prediction by J. Affleck,
T. Kennedy, E.H. Lieb and H. Tasaki (Phys. Rev. Lett. j>9_ (1987) 799) based on
the "valence-bond" model.

200;

Fig. t. Constant-Q scans near the
magnetic zone centre (-1/3,-1/3,1).
The sample was subjected to a vertical
(y-directlon) magnetic field of 1.0 T
which was required to produce a mono-
domain sample with spins canting only
In the horizontal plane (xz plane).
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to xz polarization.
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7.19 Magnetic Excitations in URU2SJ2

H. Lin and W.J.L. Buyers with T.M. Mason and M.F. Collins (McMaster
University)

A neutron scattering experiment on the heavy electron system URu2Si2 was per-
formed in order to measure magnetic excitations in the a-b plane. Measure-
ments were made below 5 THz along the (1,C,O) and (1+C,C,O) directions in the
temperature range 0.7 K to 4.2 K with a fixed scattered neutron energy of
3.52 THE, a Si(lll) monochromator and a PG(002) analyzer.
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The singlet-singlet model was found to give a good description of the excita-
tions (see figure), with RKKY interactions characterized by 7 exchange
constants between nearest neighbours. The exchange is found to be very close
to the critical value for an induced moment phase transition. This means that
the exchange is proportional to the splitting of the singlets, and suggests
that the on-site and Intersite energies scale together tn heavy-ferraion
systems.

There is no sign of damping in the magnetic excitations in the a-b plane,
which is very different from the results in the a-c plane. There we observed
a large increase in damping with C along (1,O,C) (PR-PHS-P-3: 7.25;
AECL-9503). For the tetragonal symmetry expected for the Fermi surface, the
result suggests that £here may be a normal phase gap at tĥ e Fermi surface for
all transitions with q in the basal plane, but no gap for q along c. This
makes the system exhibit clearly the strong coupling of spin waves to the
conducting electrons only in the c direct^on^ We note that even if the
coupling is of the isotropic, Kondo form J_.J**a_->, the longitudinal symetry
of the observed excitations show that the coupling is only to a_* resulting
In an Ising-like Kondo interaction. q
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Fig. 2 Dispersion of magnetic excitations along the (1,C,O) and (1+C,C»0).
The solid lines result from the model calculation. Half-open circles
denote a hybridized exciton-phonon mode.

7.20 Polarized Neutron Scattering at the"N5 Spectrometer

Z. Tun, W,J.L. Buyers and D.R. Noakes with E.D. Hallman (Laurentian
University)

Following the Initial test phase (PR-PHS-P-3: 7.5; AECL-9503), the N5 neutron
scattering spectrometer has successfully produced a beam of polarized neutrons
for a study of the symmetry of spin waves in CSNICJI3. The sample was cooled
and polarized in the dilution refrigerator in a vertical magnetic field. In
the first part of the experiment, the monochromator and analyzer were Heusler
crystals. Since the magnetic neutron guides do not currently have So Her
slits, adequate energy resolution could be achieved only by using low energy
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neutrons. A beryllium-filtered incident beam, with distance collimation
alone, gave resolution of 0.039 THz (FWHM) at fixed analyzing frequency of
0.95 THz, while the best flipping ratio determined by measuring a nuclear
Bragg peak was 21:1. This flipping ratio, the highest observed at N5 to date,
however, was found to degrade to 7.4:1 when it was measured at the straight-
through position without the sample. In subsequent tests on the flipping
ratio oF the straight-through beam with no CsNiC-2-3 sample, the higher-order
contamination was found to worsen the flipping ratio dramatically to 1.5:1 for
all neutron frequencies less than 5 THz. The filtration of X/2 component by a
graphite filter produced improvement: a maximum flipping ratio of y.7:1 was
obtained at 3.52 THz, the best graphite filtering position.

The second part of the experiment involved replacing the Heusler analyzer by a
supermirror bender followed by a standard graphite analyzer. Since the small
spacing between the supermirrors effectively provides tight colliraation, it
was necessary to worsen resolution by using relatively high-energy neutrons.
The beam divergence after the bender was restricted by a 7.5 mm slit about 400
mm aftar the bender. For fixed analyzing frequency of 2-2 THz, the slit
improved the overall resolution from 0.24 THz to 0.13 THz (FWHM). The flip-
ping ratio, determined by measuring a nuclear Bragg peak as above, was only
7:1. While It is certain that the second-order contamination reduces the
flipping ratio, it is also possible that partial depolarization of the beam
occurred between the specimen and the bender.

7.21 Stretched Steel Neutron Collimator for DUALSPEC

G.A. Sims, H.F. Nieman and B.M. Powell with W.E. Muth and W. Mel tors
(Mechanical Equipment Development Branch)

A prototype Soller-slit, stretched-steel collimator has been fabricated for
DUALSPEC. It is 22" long with a beam cross section 7" high and 2 1/2" wide.
The 29 collimator blades are 0.003" thick stainless steel, stretched
vertically, and are spaced 0.078" apart to give an angular colliraation of
0.2°. All surfaces exposed to the neutron beam are coated with a uniform
layer of Gd203 in its carrier, 0.0015" thick.

The blades were cut selectively from "as supplied" steel sheet. Prior to the
Gd2O3 coating procedure all the surfaces were thoroughly degreased and
chemically cleaned. The specific areas of the surfaces not exposed to the
neutron beam were masked during the coating. The coated blades were then
mounted and rigidly clamped in thick steel assemblies which form the top and
bottom of the collimator. The assemblies were forced apart by a screw system
operating on the thick walls of the collimator so that the steel blades were
stretched taut and flat to remove all curvature and "kinks". The resulting
load on the collimator side walls is « 175 kipsf (kilo-pounds-force). The
successful fabrication of this prototype collimator means that the remaining
collimators for DUALSPEC can be constructed at CRNL rather than purchased
externally.
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7.22 Neutron Flux Measurements at T3 Hole (NRU)

P. Martel with D.A. Kettner (Reactor Physics Branch)

In a previous report (PR-PUS-P-2: 7.2; AECL-9351) thermal flux measurements at
four of NSSP's spectrometer locations were reported. In order to maximize the
accuracy (if the T3 measurement, it was necessary at that time to use very
small Co wires and to irradiate for an hour because of the slowly moving shut-r
ter. This measurement yielded a thermal flux of (4.1 ± 0.4) x 10 cm" s~
with the reactor operating at 120 MW. The Cd ratio measured with Co was 478,
a number much higher than values at C5 and N5 (22 and 13 respectively)
measured with 0.05 mm thick Au foils. In order to standardize the measure-
ments a Cd ratio at T3 was obtained more recently with 0.05 mm thick Au
foils. As before, the sensors were located approximately three inches beyond
the thermal column wall and the reactor power was 120 MW. With Au the Cd
ratio was measured to be 248.3. The difference between Au and Co values is
thought to be due to different resonant absorption in the epithermal region.

7.23 Software Development for Single Crystal Diffraction Experiments

Z. Tun and B.M. Powell

\ least-squares crystallographic structure refinement program has been imple-
mented on the CRNL central site computer. It is derived from the PROMETHEUS
system, a collection of FORTRAN programs developed by U.H. Zucker, E.
Perenthaler, W.F. Kuhs, R. Bachman and H. Schulz (J. Appl. Cryst. J_6 (1983)
358) for accurate structure analysis. In addition to the standard harmonic
refinement, the program can model anharmonic thermal motion of atoms by quasi-
:nomt?nt or cumuiant expansion. Linear constraints among atomic parameters can
be applied easily and several anisotropic extinction models of both type 1 and
type 2 (P.J. Becker and P. Coppens, Acta Cryst. A31 (1975) 417) are available.

A program to control the kappa-diffractometer in a crystallographic data col-
lection mode is being written for implementation on the NSSP spectrometer
control system at the NRU reactor. The root segment of the overlay structure
has been completed and the coding of subroutines for other overlays ts in
progress.

7.24 Multidetector Arrays

M.M. Potter, R.J.E. Deal, J.H. Root, T.M. Holden and B.M.Powell with
C.H. Keech (Mathematics and Computation Branch)

Both 13- and 30-element multidetector arrays have been successfully assembled
arid tested. The high-voltage noise problem encountered previously
(PR-PHS-P-2: 7.27; AECL-9351) was eliminated by enclosing the arrays in an SF6
gas atmosphere. The electrical "cross-talk" problem was eliminated by
reducing the electrical load on the output driver circuits associated with
oach detector.
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Software has been written to control the 13-eleraent array aad there are
currently five m.ides Ln which the detector system can be operated- These
enable the calibration of individual detectors to be done with respect to
efficiency and angular offset, and allow the array to collect 13 points
simultaneously over a Bragg peak. The option also exists to rock the sample
through a small -specified angle in the latter mode.

The 13-elernent array was employed successfully in recent ANDl experiments
where it is estimated to have increased data collection rates by a factor of ~
3.5 while simulr.Hneously the resolution has been improved by * 30%.

Modifications have been made to the 13-element software to accommodate the 30-
element detector. These include an additional mode which scans a wide angular
range. However, testing of the software cannot be completed until the
detector array is installed on a spectrometer.

A 32-channel sealer driver was designed, built and tested for this detector.
This unit interfaces between electronics of the 30-element array and Lhe
sealer Ln the CAMAC crate.

7.?5 Low Efficiency He Neutron Detector

D.C. Tennant and J.J.-P. Solduc

Low efficiency neutron detectors are required to monitor the neutron flu*
Incident on the specimen in neutron scattering studies done with triple axis
spectrometers. Fission detectors employing neutron-induced fission in
uranium are commonly used for these monitors. Tests were conducted on a low
efficiency He detector to determine if this type could be used as neutron
monitors for DUALSPEC

An «?.xlsS;tng 3.8 cm diameter by 8 cm active length detector was filled with 7
k?a of 3He and then Ar added to give a total pressure of 100 kPa. 5The He was
further diluted to obtain a thermal neutron efficiency of 5 x 10" by several
cycles of pumping to 7 kPa and then adding Ar to give a total pressure of 100
kPa. Since the He pumps away at a slower rate than Ar more cycles than expec-
ted were required to achieve the desired efficiency.

Figure 3 shows an energy spectrum of this detector. This data was collected
at the C'+ neutron spectrometer at NRU In the diffracted beam from a Ge mono-
chrom^tor. The detector was biased at 1200 V which gives an output of 0.7
*10~ coulombs for each event in the neutron peak. Tne graph shows a good
separation between the gamma-ray and neutron peaks. This detector performed
well and can readily be used as a monitor.
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Fig. 3 Energy spectrum of a He detector of 3.8 cm diameter by 8 cm long
having a thermal neutron efficiency of 5 " 10" .

7.26 Upgrade of Apparatus for Measuremements on Liquid He

D.C Tennant and E.G. Svensson

Following the problems which caused the suspension of measurements on liquid
He (Pll-PliS-P-2: 7.10: AECL-9351) numerous modifications and improvements to

the apparatus used for these measurements have been carried out.

The helium pressure cell was moved to a different model of cryostat and, in
adapting this cryostat to accept the cell, the design of the indium seal
between the main helium reservoir (the bath) and the cell was changed to per-
mit easier and more reliable assembly. The high-pressure line to the cell was
also rerouted so that it no longer passed through the bath, thus reducing the
number of vactium seals through the main reservoir. To alleviate the line-
blockage problems encountered previously, the diameter of the pressure line
was Increased by * 30% and a high-pressure cold trap was designed, fabricated
and Incorporated Into the line. A much larger line was also joined to the
pressure line with a T-fitting and valve just outside the cryostat to allow
much more rapid and complete evacuation of the pressure cell for the "empty
cell" measurements that are routinely required.

The pressure control system was substantially improved by adding a second set
of solenoid valves In series with the original ones in the input and exhaust
lines. This has effectively stopped the leakage through these valves that
occurs when the pressure-drop across them exceeds 200 psi, eliminating a major
source of loss of the ultra-high-purity He gas used to load the cell and
allowing the pressure to be set consistently to within 0.1 psi over the full
range of interest (0 to a 400 psi).

New software was written so that a temperature measurement/control system
based on an IBM PC would rapidly and automatically determine the temperature
readings of up to 6 sensors and print out the result for a pre-selected time
cycle. This has greatly improved the ease and accuracy with which one can
determine the points of inflection in temperature-vs-time plots which are
caused by passing through the (pressure dependent) superfluid-to-normal fluid
phase transition (\-point) on slow warming and cooling cycles. Such determi-
nations are essential for accurate calibrations of the "thermometers" and,
with the aid of the new PC system, we can now readily fix the calibration at
the \-point to better than 0.0005 K.
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A new faster-acting automatic boral-cadmium beam shutter has also been desig-
ned and constructed so that the East-neutron background can be more quickly
determined for each measurement point.

Neutron scattering measurements on liquid He using the upgraded apparatus are
now in progress (PR-PiIS-P-4: 7.3; AECL-9680).

7.27 Reactor Beam-Hole Use

H.F. Nieman

Total NRU reactor operating time was 134 days. The Guelph University and the
"Ic.Master University spectrometers operated for 80% and 5% of the available
reactor operating time respectively. Utilization of the other occupied beam
holes was as follows:

Beam
Hole

C4
C5
L.3
•J5

No. of
Experiments

4
10
11
4

No. of
Participating

CRNL Scientists

6
8
9
2

No. of
Participating

Non-CR.NL
Scientists

6
9

11
4

Efficiency (%
of available reactor

operating time
used for experiments)

95
98
97
98

7.28 Preparation of Silicon Monochromators

H.F. Nieman

Several single crystal slabs were hot-pressed (PR-P-139: 3.13; AECL-8554)
using the facilities of the Department of Energy, Mines and Resources in
Ottawa. Two silicon slabs 13.3 era o.d. by * 2.2 cm thick were hot-pressed on
the (331) face at 12OO°C at a pressure of 11 MPa. The mosaic width (FWHM)
varied between 0.15° and 0.19°.

In addition a silicon slab 7.6 cm x 9.1 cm x 0.66 cm thick, previously hot-
pres.sed on the (113) face was re-pressed at H50°C in a graphite mold shaped
such that the crystal would be vertically bent. This proved successful and
!;he crystal retained a bend of 0.25 mm over the 9.1 cm length. Bending of
more silicon slabs is planned for the future.

7.29 Single Crystal Filter Material for Dual Beam Spectrometer

H.F. Nieman and R.L. Donaberger

Measurements were made of the effective absorption coefficient, n,
(H.F. Nietnan, D.C. Tennant and G. Dolling, Rev. Sci. Instrum. 51̂  (1980) 1299)
and the mosaic width (FWHM) for four single crystals of sapphire, using the
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E-13 spectrometer at the NRX reactor. These large crystals, 5 cm x 6.4 cm *
14.6 cm, UV grade CZ growth were purchased from Union Carbide at a signifi-
cantly lower cost than that of the optical quality "super" sapphire available
from Crystal Systems, U.S.A. The results confirmed that this quality of
sapphire compares favourably with that purchased earlier (PR-P-126: 3.12;
AECL-7055) and will make excellent filter material.

7.30 Sudbury Neutrino Observatory

E.D. Earle with G.M. Milton (Environmental Research Branch) and SNO
collaboration

A detailed (SNO-87-12) proposal has been prepared and submitted to the
Canadian and U.S. funding agencies. This document details the physics
objectives of the SNO experiment, the detector's operation, background,
response and performance, the design of the laboratory, the program plan for
the next five years, an administration structure for running the laboratory
and the capital and operating costs.

Accompanying the proposal are eight supporting documents prepared by various
engineering consultants and eighteen annexes prepared by members of the colla-
boration.

A second printing has been initiated since the first printing of 600 copies
has bfion distributed.

7.31 Shielding Calculations for the SNO Detector

E.D. Earle with P.Y. Wong (Mathematics and Computation Brach)

An addendum to an earlier report on shielding calculations (AECL 9393) has
been prepared. In this addendum the y-ray background into the D2O from the
host rock in the Creighton mine has been calculated for the current SNO detec-
tor design (SNO-87-12). The ANISN neutron transport and SANDYL y-ray attenua-
tion computer codes were used together with up-to-date norite (rock) and sul-
furcrete (concrete wall) (oc,n) and (n,y) yields. The y-ray background into
the D2O is small, about 0.03 y/day, in comparison to the background from
detector materials i.e., photomultipliers, acrylic and H2O.

The addendum also reports that there is no significant increase in the back-
ground from the thinner concrete in the cavity dome or from the neck in the
acrylic vessel. In addition, the neutron and y~ray flux at the norite face
was calculated and compared with measured values reported earlier (SNO-85-3)«
These agreed to within 50%.

7.32 Calculations of Neutron Transport in the SNO Vessel

E.D. Earle with P.Y. Wong (Mathematics and Computation Brach)

The neutron transport characteristics for neutrons born uniformly in the D2O
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vessel and born near the acrylic boundary from external photons were deter-
mined for 99.85% D20 and D2O doped with 0.25% NaCi.

About 84% of the neutrons born uniformly in the doped D2O will produce, in t)v
vessel, two photons adding to greater than 7 MeV, improving the neutron detec-
tion effLeney over normal D2O by at least a factor of 3. The capture distri-
bution probability falls off as one approaches the acrylic wall and in the
outer 0.5 in shell is 25% of the central region. The mean time and distance
travelled Ln the doped D2O for neutrons born at 200 keV is A.7 ms and « 70 cm.

External photons produce background neutrons near the acrylic boundary.
Fortunately most of these do not capture la the D2O but are scattered across
the boundary and lost in the H2O. In the D2O doped with 0.25% NaCiL only 24%
of the neutrons created by external photons are captured in the vessel.. In
addition, 70% of them are captured within 0.5 m of the acrylic boundary and in
tiie future SNO experiment, this background could be effectively removed by a
fiducial cut during data analysis.

7.3!) Trace Analysis for Th and U in Acrylic

E.D. Rarle, R.J.E. Deal with C M . Milton (Environmental Research
Branch)

Vaporization of 1 to 10 kg samples of acrylic and the subsequent measurement
of Th and U in the residue by mass spectroscopy and a-counJLing techniques
continue. The objective is to be able to check reliably for Th and U Ln
1 kg sample? of acrylic with a sensitivity of 0.1 x 10" g/g by mass
speotroscopy and for Th^ in equilibrium with its daughter Th, in 10 kg
samples with a 0.5 x 10~ " g/g sensitivity by a-counting. In addition, ye
^Kpect acrylic manufacturers to provide us with material with less than 10~
g/g of "Th and to be able to verify that this specification is obtained.
Techniques have been developed such that background runs have the required
sensitivity but it is proving difficult to get consistent results once acrylic,
is introduced into the procedure. One sample from the first batch of acrylic
gnve only 0.23 * 10" g/g of " Th by mass spectroscopy at NRC. Samples.. from
the second batch (originally from the same acrylic sheet) gave 4.7 x io~ g/g
by mass spectroscopy at CRNL and 5.3 x 10~ g/g by mass spectroscopy at.NBC.
Results on a sample from this second batch examined by a-couniing the Th
and '' Th decaSgSuggests a Th concentration of about 3 x 10" g/g in equi-
librium with Th.

7.34 Absorption of D2O in Acrylic

E.D. Earle with W.J. Ward and S.D. McLaughlin (Chemical Operations
Branch)

It was confirmed by soaking acrylic samples in D2O that the D2O take-up in
acrylic is 0.2%. Tests on samples from three different acrylic suppliers were
performed to ASTM standards and indicated that the D2O and H2O take-up charac-
teristics are the same for all samples.
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7-35 A Search for rarity Violation Effects in Heavy Elements

E-D. Earle with K.P. Coulter, A.B. McDonald, W- Happer, G. Cates, D.
Benton and D. Deptuck (Princeton University), T.E. Chupp (Harvard
University), J.D.Bowman, C D . Bowman, V. Yuan and J.Szymanski (Los
Alamos National Laboratory) and C. Gould, R. Robertson and D. Haas
(Triangle Nuclear Laboratories)

A polarized He target has been developed at Princeton in which up to 3.5
atmospheres of He has been 65% polarized by spin transfer from optically
pumped rubidium vapor in the same cell. This cell has been used at the Los
Alamos LANCSE facility to polarize epithermal neutrons. Their transmission
through several heavy elements has been measured as a function of polarization
in an attempt to find parity violating p-wave resonances which could be
candidates for time reversal experiments- Any future time reversal experiment
would require in addition, that the heavy element target be either
magnetically aligned or polarized.

A polarization of 20% for 0.74 eV neutrons was obtained and the known 7%
parity violation in a La respMnce at this energy was confirmed. Possible
p-wave resonances at 5.5 eV in * Ho, 3.6 eV in Gd and in U were exami-
ned. A finite parity cross section asymmetry of 1>£X was observed-for the

Gel resonance, there was no observable effect in Ho and the U data
have not yet been analyzed.

7.36 A General Purpose Pulse Shape Discriminating Unit

R.J.E. Deal, J.J.-P. Bolduc and M.A. Lone

Pulse shapes from scintillation detectors depend on the type of detector and
the Incident particle- For pulse shape analysis there are several
commercially available electronic, units that can be used to measure the rise
rime or decay time of the pulse. However, the basic design philosophy of
these units restricts the dynamic range of the timing pick-off thresholds.
This often limits their usefulness for analysis of complex signals. One such
example is the signals from a thick plastic generated by a mixed Y~rav a nd
fast neutron field. The multiple scattering of fast neutrons generates
signals with complex rise times (Y. Furuta, Japan Atomic Energy Research
Institute, Progress Report 1985, page 176).

A general purpose pulse-shape discriminator circuit was built that provides
simultaneously timing pick-off signals from two thresholds at any fraction of
the ^signal amplitude. The unit will be used for pulse-shape analysis of
signals from light ion bombardment of specially designed fast/medium decay
time phoswLch detectors.
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7-37 An Optical System for Stabilization and Calibration of a Large
Array of Scintillation Detectors

M.A. Lone, M. McKendry, R.J.E. Deal and M.M. Montaigne

The set up and reliable operation of a large array of scintillation counters
often require a mechanism for calibration and stabilization of the energy and
time signals. This is particularly so for multi-element phoswieh-detertor
arrays being built or proposed (The MARS proposal, Horn et al., l'R-PHS-P-3:
1.2.7; AECL-9503) for particle reaction studies with heavy ions. The large
dynamic range and variety of pulse shapes necessitate the use of an optical
;mlser system as a source of the stabilization and calibration systems.

A survey of the literature was carried out to review the techniques and com-
mercially available devices for an optical pulser system that could meet the
requirements of large dynamic range of light output and fast timing. This
led to the realization that the commercially available LED's are capable of
providing the necessary fast timing and dynamic range of light output. How-
ever, the only commercially available pulser unit would not meet the
requirements of MARS.

A comprehensive design study was carried out that investigated the light out-
put from various scintillation mata rials as a function of the type and energy
of M\ Ion, the light output, timing stability, and linearity of LED's, cir-
cuitry for driving and stabilization of LED's and coupling of the LED's to the
s<-. in! .11 lators via fibre optics.

Prototype circuits were built to test the expected performances. Thus far we
h.ivi* achieved a timing resolution of 1 ns and an energy resolution of 1% with
v-iistan-made LSI) driver units. Another feature is our ability to tailor the
L'SD pulse to match a particular scintillator pulse. These sources are being
iserl to test the dynamic range and linearity of photomultiplier base
c. Ircultry.

7.33 A Versatile Low Background Fast Response Preamplifier

M.M. Montaigne and M.A. Lone

A versatile preamplifier circuit based on a TRA 1000 chip was developed and
adapted to various applications. These preampLifier units can be operated
either in current or charge integration mode.

Two units were optimized for use on opposite ends of a long He wire counter
for analysis of signals to determine the position of the neutron interaction
along the counter wire- The signal to noise and the position resolution
attainable with these preamplifiers was an order of magnitude better than was
possible with commercially available proportional counter preamplifiers-
Other specifically tuned preamplifiers were operated in current mode for
amplification of the signals from gas counters operated as Bragg spectro-
meters- The superior time response and signal to noise ratio of these pre-
amplifiers provided excellent overall spectrometer resolution. Several of
these preamplifiers have been used by other groups in CRNL.
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7.39 Phoswlch Detector Array for Light Ions

M.A. Lone, M.M. Montaigne and R.J.E. Deal

The conceptual design of a 48-element-phoswich detector array was completed.
The detectors are optimized for measurements of light ions with low threshold,
large dynamic range and fast timing. The feasibility of simultaneous detec-
tion of neutrons and light Ions was investigated and a suitable combination of
fast/medium scintillator combination was selected for good timing, energy and
pulse-shape resolution.

Laboratory tests of various components were carried out. Specialized LEO
based light pulse sources were designed and built for test of tho response of
the photomul*iplier and the front end electronic circuitry L •> the large
dynamic range. These tunable sources give a light pulse similar to that
generated by a fast or slow sclntillator following bombardment with heavy ions
of any desired energy. The data on the light output versus Ion parameters
(type and energy) were collated from the literature. Following extensive
tests of various photomultipllers one was selected for the array. Tests of
various active base circuits are In progress.

For information on design of light guides and surface coatings, a comprehen-
sive literature survey was carried out. This enabled us to select combina-
tions that have been successfully used. A computer code STREAM (CCC-321
Radiation Shielding Information Centre, Oak Ridge National Laboratory, USA)
was obtained for simulations of ray trajectories in order to optimize light
collection and pulsa rise time.

7.40 High-Voltage Mass Separator

G.A. Sims with J.D. Bonnett (Physical Chemistry Branch)

Work is In progress to recommission the High-Voltage Mass Separator in the
Physical Chemistry Branch. This facility which had been shut down for 18
months is being returned to service to take advantage of commercial opportuni-
ties.

In preparation for initial operation, many preliminary tests, modifications
and repairs have been made and componeuts assembled. These included the
start-up of four turbo-molecular pumps for beam-line and acceleration-tube
evacuation, restoration of the closed-loop cooling-water system, modification
of the freon line for Ion-source cooling, and replacement of a heat exchanger
which had failed due to corrosion during the shutdown.

After the^ acceleration tube was baked for 48 hours, a vacuum of 2.6 * 10~ Pa
(2 x 10" torr) was achieved and the acceleration tank was pressurized to
locate any pressure sensitive leaks. Locating faulty seals is a slow process
because even small leaks that take hours to show a significant pressure
Increase can prevent proper operation of the accelerator. Several weeks of
seal replacement, component removal and modification and pressure cycling were
necessary before the system was sufficiently leak-free to begin voltage condi-
tioning.
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Voltage conditioning went well. After two days x-ray production was minimal,
microdischarges were greatly reduced, the vacuum recovery rate was rapid and
tank, tube or column sparks were rare. For the first time in three years the
accelerator could be tested nt its rated terminal potential of 2 MV. Although
•some microdischarges still occur at the higher terminal voltage these are
expected to decrease with time.

By the end of the period 1 MeV Ar^ and Kr+ beams of 0.5-1.3 pA had been
extracted and analyzed. Tests are continuing to study accelerator and bean
stability.

7.41 Position Sensitive Neutron Detector (PSD)

G.A. Sims, J.J.-P. BoIduc and H.C. Spenceley

The shell of th<i prototype PSD (PR-PHS-P-3: 7.33; AECL-9503) has been comple-
ted and is now undergoing vacuum and pressure tests. The six-pin voltage
feedthroughs should be delivered in January. Two anode boards consisting of
six "iO-M-m wirss, load resistors and coupling capacitors on G10 frames have
been assembled.

7.42 He Neutron Detectors

J.J.-P. Bolduc, G.A. Sims, D.C. Tennant and J.G.V. Taylor

Ths> pumping and filling system for He counters has been modified to reduce
the system volume and simplify procedures by eliminating the diaphragm pump in
routine wo^rk. Test fillings are now made with He- He mixtures (typically =
1:10), an amount of He large enough to givs a good signal but small enough,
with the reduced system volume, that there is no economic incentive to recover
it.

Test procedures have been improved to monitor and optimize the combined
characteristics of gas amplification, resolution, wall losses, pulse rise tiro;
and low background. Previous tests tended to optimize resolution and wall
losses at the expanse of gas amplification and background.

Backgrounds have been reduced to < 5 counts per hour by improved assembly
techniques and operation with higher gas amplification allowing a reduction in
bias voltage for a given signal level. X-radiographs of counters with high
background showed that in most cases the glass tube extensions to the insula-
tors were improperly positioned. These tubes are now securely located and
each counter is x-rayed before the final welding. An improved insulator
design eliminating the glass tubing will be submitted to a manufacturer for
quotation.

He-Ar gas mixtures have been found to give better resolution and stability
than fle-'<r mixtures with only a small increase in wall losses at an Ar partial
pressure of 250 kPa. A preliminary test of a He-Xe filling 3was unsatis-
factory; the reasons for this have to be investigated. Two He-Ar filled
counters meeting all requested specifications have been delivered.
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7.43 Etching Facility

J.J.-P. Bolduc and M.M. Montaigne

The low-cost, low-volume etching facility set up in Building 115 (PR-PHS-P-3:
7*38; AECL-9503) has proved useful to several groups. Imaging, developing and
etching is done quickly and easily. Applications have included electrodes and
Frisch grids for heavy-ion detectors, multiwire detector anode assemblies and
prototype electronic circuit boards.

1 25
7.44 International Comparison of I

R.H. Martin, J.G.V. Taylor and M. Yoshida

A preliminary report on this trial comparison (PR-PHS-P-3: 7.41; AECL-9503)
has been received. The weighted mean of the activity concentration of the
sample solution from measurements by six laboratories was (2.052 ±
0.004)MBq.g~ in excellent agreement with the AECL value of (2.050 ± 0.004)
MBq.g" . The unweighted mean was (2.059 ± 0.005)MBq.g~ indicating that the
less precise results tended to give slightly higher values.

7.45 Large-area Membrane Sources

M. Yoshida and R.H. Martin

In initial tests of ion-exchange membranes for extended sources (PR-PHS-P-3:
7.42; AECL-9503) the medium density polyethylene showed negligible swelling
and tests have proceeded with this material. Ion adsorption for radioactive
solutions has been studied as a function of carrier concentration and soaking
time at constant temperature and pH for solutions of Co, Sr and Pm;
tests with * Cs and ^ T% have still to be completed. From these tests the
optimum conditions for preparing larggjjarea extended sources could be deter-
mined. An extended (180 mm x 140 mm) Co source was tested for uniformity by
cutting it into 30 30-mm x 28-mm pieces which were weighed and counted in the
4u Nal(T-i) detector. The standard deviation in the measured activity per unit
mass was ± 0.17%, most of which could be attributed to counting statistics.
The standard deviation in the activity per unit area was ± 4.3% indicating
that small variations in film thickness rather than adsorption may limit the
uniformity of extended sources made from this membrane sample.

Samples were also prepared from polyethylene millipore membranes of different
thickness to measure p-ray counting efficiencies as a function of g .thickness.
Measured efficencies for 5-mg.cm~ membranes ranged from 90% for Sr to 472
for Pm. In the course- of this vock 24 radioactive solutions were prepared
from which 56 Co, 45 Sr, 38 Pm and 25 TA sources were made and
counted.
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147 204
7.46 Measurements of Pm and T-t by Efficiency Tracing

R.H. Martin and M. Yoshida

147 204
Solutions of Pm and T£ have been standardized for experiments with large
-area membrane sources- As these nuciides are pure beta emitters, they cannot
be coincidence counted and activities are usually obtained by 4u(3 counting
with corrections estimated for self-absorption and source-mount absorption.
More accurate measurements can be made by efficiency tracing in which a
beta-gamma emitting nuclide that can be standardized by coincidence counting
is added to a solution of the pure beta emitter as a tracer. Uniform sources
of various thicknesses are prepared, the p-efficiencies of the tracer are
measured by coincidence counting, the total p-count rates are extrapolated to
100% p-efficiency and the tracer activity is subtracted to obtain the activity
of the pure beta emitter. In these rneasurements Co was used as the tracer
and uniform sources of controlled thickness were prepared by coprecipitation
with hydrous alumina (A^2O3-nH2O) (M. Yoshida, H. Miyahara and T. Watanabe,
Int. J. Appl. Radiat. Isot. 28 (1977) 633). This procedure results in sources
with small, well-distributed crystals giving a range of efficiencies suitable
for efficiency tracing of low-energy beta emitters. Tracer efficiencies of
97.1% were obtained for the most efficient sources of both solutions. The
statistical uncertainties in the final activity values were 0.30 and 0.36% for
the x ' Pm and Ti activities respectively- N1?1686 results are at A^ast as
precise as,Qthose obtained some years ago with Sc as a tracer for Pen and
Br for T-& while source and tracer preparation are much more convenient

using the present method.

7.47 Ge Detector Calibration

R.H. Martin

A new wide-range high-purity Ge detector (Canberra GX1018) has been acquired
for secondary standardization of radionuclides and impurity testing. This
unit replaces a nominal 10% Ge(Li) detector bought 10 years ago which had
recently been losing efficiency at a few percent per month. Attempts to
restore and stabilize the lost efficiency in the older detector were
unsuccessful.

Testing has confirmed that the new detector meets specifications as follows,
all measured at 1.33 MeV

FWHxM - 1.80 keV
FtfTM - 3.10 keV
Efficiency - 11.1%
Peak to Compton ratio - 43.5«
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A source support has been constructed for the detector using low-Z materials
(aluminum and acrylic) to provide a nominal 20-cm source-to-detector spacing.
This support has provision for adding a 63.5 * 63.5-mm absorber directly above
the detector face to reduce when necessary the effects of low-energy x-ray
summing since this detector has usable efficiency down to about 5 keV. When
low-energy response is required, this absorber is removed.

Some preliminary counting for efficiency calibration at this 2C-cm geometry
has been done. It is planned to construct similar supports for nominal 10-,
5- and perhaps 1-cra source-to-detector spacings. The 20-cm geometry is used
whenever sufficient activity is available because the effects of coincident
summing and small uncertainties in source positioning decrease with increasing
source-to-detector spacing.

7.48 Software Development

R.H. Martin

A program has been written to allow the automatic calculation of dead times
directly from a 4rcp-y coincidence raw data file. This program permits the
us« of the automatic routine in accumulating the dead-time measurement data
without operator intervention. Dead times are calculated from a comparison of
the measured count rates of a source and of the source plus a pulser. The new
program gates the pulser on and off through a CAMAC DAC for a predetermined
aum'oer of measurement cycles.

A program was written to allow conversion of all of our formatted Ge data
Files to the unformatted type with a resultant decrease in storage space of
53'o and a similar increase in file handling speed.

We noxr have a modem connection to the site mainframe computer giving access to
the library databases, MAIL facility and bulletin board systems.

7.49 Standards Issued

R.H. Martin

(a) Standard Sources (by Branch)

Co - Radiation and Industrial Safety (8)

IjjjY - Nuclear Physics (2)
Sr - Radiation and Industrial Safety (31)

Th - Neutron and Solid State Physics (1)

(b) Solution Standards (by Branch)

Co - Queen's University (1)

I - Environmental Research (1)
Pm - Dosimetric Research (1)
Eu - System Chemistry and Materials (1)
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(c) Special Standards

Four I in carbon sources were prepared for Radiation and Industrial Safety
Branch for calibrating a Nal detection system used to measure radioiodine in
charcoal filters. Two types of sources were made; I adsorbed on charcoal
impregnated filters and I adsorbed on carbon granules in polystyrene
containers. Measurements were made of distribution and attenuation effects in
these sources.

Two Large area (41 cm x 53 cm) standard sources of Cs were prepared for the
G-2 Gentilly reactor (commercial contract). These standards, to be used to
calibrate liquid effLuent monitoring equipment, were made by covering the
surfaces with grids of aliquot samples at 2.5 cm intervals. The activities
provided totalled 320 and 3.39 kBq for the two sources.

7.50 Detector Servicing

J.J.-P. Bolduc

Five Ge spectrometers were serviced during the period in addition to the
routine cryopumping of several TASCC 8n: spectrometer units. Three were from
Reactor Loops Branch, one from System Chemistry and Materials Branch and one
from General Chemistry Branch (twice). All but one were restored to service.
A. Ge spectrometer was tested and calibrated for Physical Chemistry Branch.

7.51 Glassblowing Laboratory

D.A. Doering and S.M. Atmojo

Major jobs completed during the period are listed with the branches or
organizations involved, shown in parenthesis, as follows:

S.M. Atmojo returned to Indonesia after completing four months study of
scientific glassblowing (3ATAN).

One hundred and twenty-eight alumina columns and 48 ball-joint connectors were
fabricated along with 40 product-recovery headers and 10 reaction-flask
filters (Chemical Operations, Mo production).

Twelve different pieces of glassware were constructed for a commercial
project. These were used to determine the iodine retention efficiency of
charcoal paper under varied conditions of temperature and humidity (R&IS
Branch).

Two modified and six new quartz reaction furnace tubes were fabricated and 24
quartz fuel baskets were built to be lowered into the furnace tubes. These
were for work on the development of new reactor fuel (Fuel Engineering
Branch).

Glassware was assembled for measurements of reaction rates in the CANDU
reactor coolant experiment (System Chemistry and Materials Branch).
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The glassblowing annealing oven was used to help W.E.&.P. Branch carry out
preheating and cooling of three sub-assemblies to examine what the effects of
different preheating procedures had on the applications of hard facing
materials (Workshops, Estimating and Planning Branch).

Eighteen variously modified prototypes of a new small safety release valve
were built for the SLOWPOKE safety valve experiment (Mechanical Equipment
Development)•

Six different quartz vacuum cyclones were assembled to investigate the
feasibility of sulphur recovery. A piece of complex glassware consisting of
many coils within coils was fabricated for the development of an environmental
humidity sensor (Chemical Engineering Branch).

Emergency modifications to experimental glassware were made on a commercial
contract (Commercial Operations).

7.52 Mechanical Laboratories

A.H. Hewitt and H.C. Spenceley

Building 459

To ensure the accurate positioning of specimens for residual strain studies on
the C5 neutron spectrometer, an alignment device was made consisting of an
adjustable X,Y,Z movement carrying either a plumb line or a pointer, mounted
on a accurately hinged arm fastened to a vertical steel post. When aligned on
Lhe spectrometer with the arm horizontal, the centre of the X and Y movements
is directly above the centre of the specimen table.

A set of 14 cassettes and 13 spacers were made of 3003 aluminum to contain
GaAs discs for irradiation in neutron transmutation doping studies.

A fixture was made to support a commercial gas turbine compressor impeller for
residual strain studies. The fixture incorporates a gear train driven by a
stepping motor, so the specimen can be accurately rotated from one point of
interest to the next.

Three specimen mounts of a new design were made for use in the M2 cryostat.
These follow the design of the standard double specimen mount, but are of a
much smaller size (41 mm diameter, and 4.7 mm from base to beam centre line).

Other work included five specimen mounts for neutron diffraction studies,
three specimen mounts for residual strain studies, some work on the 30 element
counter array, and a pyrex specimen chamber for the Displex.

Building 116

During the period the Bldg. 116 laboratory effort was divided approximately as
follows: MARS project (mostly scintillators and light pipes) 50%, neutron
detectors 35%, crystal cutting and mounts 15%.
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7.53 A Multidetector Array for Reaction Studies; MARS

M.A. Lone et al.

See PR-PHS-P-4: 3.2.5; AECL-9680

7.54 MARS Detector Tests

J.G.V. Taylor et al.

See PR-PHS-P-4: 3.2.7; AECL-9680

7.55 Optimum Monochromator Thickness

T.M. Holiien et al.

See PR-PHS-P-4: 8.3; AECL-9680

7.56 ATMLIB Program Library

E.G. Svensson et al.

See PR-PHS-P-4: 8.5; AECL-9680

7.57 Publications and Lectures

MAGNETISM AND NEUTRONS
W..I.L. Buyers
Transactions of the Royal Society of Canada
Series V, Volume 1_ (1986).

SPIN WAVES IN THE TRIANGULAR ANTIFERROMAGNET CsMnBr3
B.D. Gaulin, M.F. Collins and W.J.L. Buyers
J. Appl. Phys. 61_ (1987) 3409.

NEO'TRON SCATTERING FROM HEAVY FERMION SYSTEMS
C. Broholm, J.K. Kjeras, G.Aeppli, E. Bucher and W.J.L. Buyers
Conference Proceedings of Magnetic Excitations and Fluctuations,
Torino, Italy, (Springer-Verlag) 1987 May 25-29.

A HEAVY WATER SOLAR NEUTRINO DETECTOR
E.D. Earle and the SNO collaboration
Conference Proceedings of the Lake Louise Winter Institute in Selected Topics
in Electroweak Interactions. Eds. J.M. Cameron, B.A. Campbell, A.N. Kamal,
F.C. Khanna, J. Ngand J.-M. Poutissou
World Scientific, Singapore (1987) 317.
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THE SUOBURY NEUTRINO OBSERVATORY
G.T. Ewan, H.-B. Mak, B.C. Robertson, R. C. Allen, H.H. Chen, P.J. Doe,
0. Sinclair, W.F. Davidson, R.S. Storey, E.D. Earle, P. Jagam, J.J. Simpson,
E.D. Hallman, A.B. McDonald, A.L. Carter, D. Kessler
SNO-87-12 printed at NRC, Ottawa 1987 October

CANADIAN UNDERGROUND PROJECT - SUDBURY NEUTRINO OBSERVATORY
G.T. Ewan, H.-B. Mak, B.C. Robertson, C. Allen, H.H. Chen, P.J. Doe,
D. Sinclair, W.F. Davidson, R.S. Storey, E.D. Earle, P. Jagam, J.J. Simpson,
E.D. Hallman, A.B. McDonald, A.L. Carter, D. Kessler
Conference Proceedings of the 7th Workshop on Grand Unification/ICOBAN,
Toyama, Japan, 1986 Editor J. Arafune, World Scientific, Singapore (1987)
p. 95.

PAKLTY VIOLATION IV THE PHOTiJi) ES INTEGRATION OF DEUTERIUM
A.B. McDonald, E.D. Earle et al.
Conference Proceedings of the 7th International Symposium of High Energy Spin
Physics, Protvino, U.S.S.R. 1986 September 22-27. Editor A.D. Kirsch,
Institute of High Energy Physics (USSR), Vol. 2_ (1987) p. 159-

A HEAVY WATER CfiRENKOV DETECTOR TO STUDY 8ß SOLAR NEUTRINOS
H.H. Chen, G.T. Ewan, H.-B. Mak, B.C. Robertson, C. Allen, P.J. Doe,
0. Sinclair, W.F. Davidson, R.S. Storey, E.D. Earle, P. Jagam,
J.J. Simpson, E.D. Hallman, A.B. McDonald, A.L. Carter, Ü. Kessler
Conference Proceedings of the 1986 Summer Study of the Physics of the
Superconducting Supercollider, 1986 June 23 - July 11. Eds. R. Donaldson and
J. Marx. pp. 697-700.

UPPfi* LIMIT ON 'ME MIXING OK HEAVY NEUTRINOS IN THE BETA DECAY OF 6 3Ni
D.W. Hen the r ing ton , R.L. Graham, M.A. Lone, J . S . Geiger and G.E. Lee-Whiting
Phys. Rev. 36£ (1987) 1504.

THE NEUTRON YIELDS FROM 100 MeV PROTONS ON Cu, Pe and Th
M.A. Lone, R.T. Jones, B.M. Jones, L. Nikkinen and R.B. Moor
Nucl. Instr. & Methods A256 (1987) 135.

109
STANDARDIZATION OF Cd BY A An e-x COINCIDENCE METHOD
H.H. Mart.in and J.G.V. Taylor
Applied Radiation and Isotopes _3£ (1987) 781.

NEUTRON SCATTERING BY ^He and 3He
S.C Svensson and V.F. Sears
Chapter 4 in Progress in Low Temperature Physics, Vol. XT, edited by D.F.
Brewer, (North-Holland, Amsterdam, 1987) p. 189.

SEARCH FOR SINGLE-PARTICLE EXCITATIONS IN SUPERFLUID '*He
E.G. Svansson and D.C. Tennant
Jip. J. Appl. Phys. _26 (1987) Supplement 26-3, p. 31.

TEMPERATURE DEPENDENCE OF S(Q,w) FOR LIQUID ^He AT HIGH PRESSURE
B.C. Svensson, W.G. Stirling, E. Talbot and H.R. Glyde
Jap. J. Appl. Phys. 26 (1987) Supplement 26-3, p. 33.
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A NEW METHOD FOR ANALYZING POWDER DIFFRACTION PATTERNS
CONFIRMATION OF A PREDICTED PHASE OF SF6
L.S. Bartell, J.C. Caillat and B.M. Powell
Science 236. (1987) 1463.

TEMPERATURE DEPENDENCE OF THE STRUCTURE OF THE ANTIFLUORITE K2OSCJL6: EVIDENCE
FOR PRECURSOR TETRAGONAL CLUSTERS NEAR Tc
R.L. Armstrong, R.M. Morca, I. Svare and B.M. Powell
Can. J. of Phys. £5_ (1937) 386-

NEUTRON AND RAMAN SCATTERING FROM Na20-A£203-Ca0-Ti02-Si02 GLASSES
G.S. Henderson, B.M. Powell, S. Sunder and E.R. Vance
Phys. and Chemistry of Glasses ^8 (1987) 210.

NEUTRON DIFFRACTION AS A RAPID SCREENING METHOD FOR SEMICONDUCTOR WAFERS
P. Martel
Appl. Phys. Lett. _52 (1987) 153.

DETERMINATION OK THE ELECTRONIC STRUCTURE OF ANOMALOUS MUONIUM IN GaAs FROM
NUCLEAR HYPER-FINE INTERACTIONS
R.F. Kiefl, M. CelLo, T.L. Estle, G.M. Luke, S.R. Kreltzman, D.R. Noakes,
L\.J. Ansaldo and K. Nishiyaraa
Phy^. Rev. Lett. 58_ (1987) 1780.

MAGNETfC PENETRATION DEPTH AND FLUX-PINNING EFFECTS IN HIGH Tc

SUPERCONDUCTOR L a i . g j S r 0 . ! 5 C u 0 4

G. Aeppl l , R . J . Cava, E . J . Ansaldo, J .H. Brewer, R.F. Kief I , S.R. Kreitzraan,
G.M. Luke and D.R. Noakes
Piiys. Rev. B3_2 (1987) 7129.

at-KECT OK ZERO-POINT MOTION OF p.+-19F DIPOLE C0IJP1.ING IN THE (F|iF)~ ION
IN FLUORIDE INSULATORS
D.R. No.-.ikes
J. Chem. Phys. ̂ 7_ (1987) 3704.

TEMPERATURE DEPENDENCE OF THE MAGNETIC PENETRATION DEPTH IN THE HIGH Tc

SUPERCONDUCTOR Ba2YCu09_5: EVIDENCE FOR CONVENTIONAL S-WAVE PAIRING
D.R. Harshman, G. Aeppli, E.J. Ansaldo, B. Batlogg, J.H. Brewer,
J.F. Carolan, R.J. Cava, M. Cello, A.CD. Chaklader, W.N. Hardy,
S.R. KreLtzman, G.M. Luke, D.R. Noakes and M. Senba
Phys. Rev. B. J36 (1987) 2386.

SOLID AND LIQUID HELIUM
H.R. Glyde and E.G. Svensson
Chapter 13 in "Neutron Scattering" (Methods of Experimental Physics, Vol. 23,
Part B) edited by D.L. Price and K. Skold (Academic Press, New York, 1987)
p. 303.

DIRECT DETERMINATION OF THE INTRAMOLECULAR O-D DISTANCE IN ICE Ih AND Ic BY
NEUTRON DIFFRACTION
M.A. Florlaoo, D.D. Klug, E. Whalley, E.C. Svensson, V.F. Sears and
E.D. Hallman
Nature 329 (1987) 821.
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Lectures

RADIATION IN THE ENVIRONMENT
E.D. Earle
Sudbury Science School, 1987 July 13

APPLICATION OF NEUTRON DIFFRACTION TO ENGINEERING PROBLEMS
T.M. Holden, J.H. Root, V. Fldlerls, R.A. Holt and G. Roy
Neutron Scattering Symposium, International Union of Crystallography,
Sydney, Australia, 1987 August 8-10

NEUTRON DIFFRACTION LN THE Lai•85Sro.15CUO4 SUPERCONDUCTOR
J. Root, 7.. Tun, L. Hong, B.M. Powell and W.J.L. Buyers
Neutron Scattering Satellite Meeting for I.U.Cr. Congress, Sydney, Australia,
1987 August 3-10

THE NATURE OF THE STRUCTURAL TRANS[TION IN K2Hg(CN)4

B.M. Powell and P.N. Gerlach
Neutron Scattering Satellite Meeting for I.U.Cr. Congress, Sydney, Australia,
1937 August 8-10

THE APPLICATION OF NEUTRON DIFFRACTION TECHNIQUE TO INDUSTRY
H.M. Powell
International Union of Crystallography Congress, Perth, Australia,
1987 August 12-20

THE CRYSTAL STRUCTURE OF TRICLtNIC SF6 FROM NEUTRON POWDER

DIFFRACTION MEASUREMENTS
B.M. Powell, M.T. Dove, G.S. Pawley and L.S. Bartell
International Union of Crystallography Congress, Perth, Australia,
1987 August 12-20

TEMPERATURE DEPENDENCE OF S(Q,u>) FOR LIQUID ^He
E.C. Svensson
Kiroshiraa Symposium on Elementary Excitations in Quantum Fluids,
Hiroshima, Japan, 1987 August 17-18

NE'JTRON DIFFRACTION STUDY OF DELIGNiKICATION IN WHEAT STRAW SUBJECTED TO
ALKALINE HYDROGEN PEROXIDE TREATMENT
P. Martel and J.M. Gould
9th Int. Biophysics Congress, Jerusalem, Israel, 1987 August 23-28

LOW FREQUENCY VIBRATION SPECTRUM OF ALPHA CHYMOTRYPSIN BY INELASTIC NEUTRON
SCATTERING
•'. Martel
9th Int. Biophysics Congress, Jerusalem, Israel, 1987 August 23-28

SEARCH FOR SINGLE-PARTICLE EXCITATIONS IN SUPERFLUID ^ e
E.G. Svensson and D.C. Tennant
18th International Conference on Low Temperature Physics, Kyoto, Japan,
L987 August 20-26

TEMPERATURE DEPENDENCE OF S(Q,w) FOR LIQUID '*He AT HIGH PRESSURE
E.C. Svensson, W.G. Stirling, E. Talbot and H.R. Glyde
18th International Conference on Low Temperature Physics, Kyoto, Japan,
1937 August 20-26
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ANTIFERROMAGNKTISM IN La 1. abSr u • 15CUO1+
J.H. Root, B.M. Powell, and F.P. Koffyberg
Canadian Research in High Tc Superconductivity,
McMaster University, Ontario, 1987 September 28

THE SIJDBURY NEUTRINO OBSERVATORY
G.T. Ewan, H.-B. Mak, B.C. Robertson, R. C Allen, H.H. Chen,
P.J. Doe, D. Sinclair, W.F. Davidson, R.S. Storey,
E.D. E-irle, P. Jagam, J..J. Simpson, E.D. Hallman,
A.3. McDonald, A.L. Carter, D. Kessler
SNO-87-10 (American Institute of Physics)
International Conference on Nuclei Far From Stability,
Rosseau Lake, Ontario, 1987 September.

INDUSTRIAL APPLICATIONS OF NEUTRON DIFFRACTION
T.M. Holden
University of Toronto, Toronto, Ontario, 1987 October 5

ANTIFERROMAGNETCSM IN La 1. 85Sr 0 • 15Cu0i+
J.H. Root, B.M. Powell, and F.P. Koffyberg
Canadian Research In High Tc Superconductivity,
McMaster University, Ontario, 1987 October 30-31.

HUT H TEMPERATURE SUPERCONDUCTIVITY
W.J.L. Buyers
Conference on High-Temperature Superconductivity, McMaster University,
Hamilton, Ontario, 1987 Oct. 31

EXAMPLE OF SCIENCE AT WORK
K.D. Earle
Pembroke Science Club, 1987 November 7

NUCLEAR RADIATION AND YOU
E.D. Earle
Pont lac Region School Board
2 talks on 1987 November 12

MASSIVE BOSONS IN CONDENSED MATTER
W.J.L. Buyers
University of Manitoba, Winnipeg, Manitoba, 1987 November 18

MASSIVE BOSONS IN CONDENSED MATTER
W.J.L. Buyers
University of British Columbia, Vancouver, B.C. 1987 November 21

THE HALDANE GAP IN ONE-DIMENSIONAL SYSTEMS
W.J.L. Buyers
University of Florida, Gainesville, Florida, U.S.A. 198/ December 3

HEAVY FERMIONS AND SUPERCONDUCTIVITY
W.J.L. Buyers
University of Florida, Gainesville, Florida, U.S.A. 1987 December 7
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3.1 Staff

Branch Manager: G.E. Lee-Whiting

M. Couture
'A. Harvey
H.C. hen
V.K. Sears
t.S. Towner
K.B. Winterbon

M.S. Milgram1

Attached Staff

Z.Y.
M.-L. GeJ

Summer Student

A.M. Walsh1*

Secretarial Staff

M.E. Carey5

C.A. Bennett

Member JC the Reactor Physics Branch, from 1987 Dec. 2 spending up to
about 25% of his time collaborating with Theoretical Physics Branch
Visiting Scientist - Academia Sinica, Beijing, 1986 Nov. 18 - 1987 Nov. 10
Visiting Scientist - Lanzhou University, China, arrived 1987 Dec. I

+ National Student from Dalhousie University, 1987 May 5 - 1987 Aug. 28
3 Returned to Theoretical Physics Branch, 1987 Sept. I
° Temporary - 1987 April 8 - 1987 Aug. 28
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8.2 Neutron Optics

V.F. Sears

The manuscript of the book Neutron Optics on which we have been working for the
past two years, was completed on schedule and sent to the publisher, Oxford
University Press.

8.3 Optimum Monochromator Thickness

V.F. Sears (with T.M. Holden, NSSP Branch)

From the solution of the Darwin equations for a neutron monochromator crystal
with a homogeneous gauss.tan mosaic structure, the value of the crystal thickness
d that will give 80% peak reflectivity for specified neutron wavelength X- and
mosaic spread ]x has been calculated for the (111) reflection Ln the ferromagne-
tic ffeusler alloy Cu2MnA-£. This crystal is the current preferred choice for use
in polarized-beam spectrometers.

The above value of d can be regarded as an optimum thickness (for reasons that
need not be mentioned here) and is found to increase as \ decreases or ji
increases. For example, when H = 0.3° we find that d increases from 0.13 cm to
0.78 cm as *- decreases from 4.5 A to 1.0 A. When n = 0.5° the corresponding
values of d are 0.22 cm and 1.30 cm respectively. These results are of interest
as design criteria for polarizing monochroraators in the neutron spectrometers at
CRNL,

8.4 Neutron Scattering in Liquid Hydrogen

V.F. Sears (with P.M. Brewster, Reactor Physics Branch)

A model calculation of the scattering kernel £S(E',E) in the neutron transport
equation is being performed for liquid H2 and D^. The results will be used as
input for computer studies of neutron thermalization in the proposed cold source

in the new NRU vessel.

8.5 ATMLIB Program Library

V.F. Sears (with E.C. Svensson, NSSP Branch, and
E.D. Hallman, Laurentian University)

The program library ATMLIB, which was written ten years ago for the analysis of
neutron scattering measurements on simple liquids, is being reactivated for
application to recent neutron diffraction measurements on liquid He (PR-PHS-P-
2:7.10; AECL-9351 and PR-PHS-P-4:7.2; AECL-9680). Some modifications are neces-
sary, however, since the original NOS/BE job decks assume punched card input and
file editing using the UPDATE utility. Changes are now being made so that the
programs can be run and edited at a terminal in a simple and convenient way«
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8.6 Superconductivity

K.B. Wintf.rbou

Work on some aspects of ordinary BCS weak-coupling superconductivity was begun
during a two-week visit to N*RC. Recent experiments (Warren et al. (Phys. Rev.
Letters r'9( 1987)1850) have suggested Chat in the new high-temperature supercon-
ductors the superconductivity gap parameter may vary spatially across the unit
cell. It has been shown how (in weak-coupling BCS theory) the variation of the
gap is related to thi; self-consistent potential, and the r=itio of a well-defImul
average of the gap to critical temperature is the same as the corresponding
ratio for a constant gap.

8•7 A Problem In On-Line Isotope Separator Catcher Foils

K.B. Winterbon

The following problem was posed: a radioactive nucleus is implanted into the
t-irget foil of an on-line isotope separator, where it decays. The daughter
nucleus recoils to a new position, and subsequently decays. What is the depth
•\ i.str ibution within the foil of the daughter nuclei? It has been shown that the
desired depth distribution may be obtained from tabulated moments of range dis-
tributions of the parent and daughter species. This work has been submitted for
publication in NIM B.

8.3 Spi_n_ Glasses

X.B. Winterbon

\ spin glass is a lattice of spins with random spin-spin coupling between sites.
Its ground state has no obvious pattern. Also the system exhibits fr«isti~tion:
the demands of different couplings at one site can conflict. A random ferrornag-
•iet differs in having all the spin-spin couplings attractive, so the ground
state is uniform and there is no frustration. Each system has an enormous num-
ber of metastable states, and each has a very complicated energy surface on the
state space. The spin glass is quantitatively more complicated, and there Is
some dispute as to whether there is a qualitative difference as a result of
frustration.

One metastable state differing from another at only m sites may decay into the
latter by the change of only those m spins, or by also flipping one or more
other spins and then flipping them back. The indirect path may have a lower
energy barrier than the lowest direct path. Some exhaustive calculations of
very small systems, with 12 sites in a 3 by 4 lattice, have shown that indirect
paths occur less frequently in random ferromagnetics than in spin glasses, with
a ratio of about 2:3.



8-5

8.9 Parallel Computing

K.B. Wincerbon (with D. McPherson, advisor to R.B. Lyon, Director of
Information & Communication Systems)

It is commonly recognized (.hat further large increases in computer speed and
power will have to come from having many processors — small computers, in
effect — working together on one job. The possible variations in computer
architecture are enormous, and the difficulties of rethinking problems to take
advantage of parallel architectures are similarly great. We are attempting to
determine what ORNL's place in this computing revolution should be. We expect
to collaborate with NRC, each having one or more parallel machines and some
icces'3 to the other's facility. We have attended a course on parallel computing
ac Ar^onne National Laboratory in the U.S.A.

5.10 Stability of the Chiral Soliton Model

M. Harvey (with K. Goeke, Inst. fur Kernphysik, Tullch, West Germany)

\ study has been made of the instability of chiral, nontopological solitons for
very small sizes - about one tenth the size of a normal nucleon. This instabil-
ity, resulting in infinite negative energies, occurs even after taking into
.).-count the Dirac Sea. Several papers now appear in the literature on this
tnpU: and we agree that such an Instability exists. The energy of solitons at
'iunnd.1. luclear sisfts however does exhibit a local minimum and we argue that the
'•iod»l. is only valid for such sizes and indeed can here give a physically rele-
vant: description of nature. The small distance behaviour is only observed at
'it̂ h energies and here the appropriate model should be perturbative QCD, not the
non-p.^rturfoative QCI) that the sollton model is attempting to simulate.

With this philosophy the role of the Dirac Sea in the non-topological chiral
soil ton model is being determined. A computer program has now been written by
the group in Jullch using a plane-wave basis to describe Dirac states. A match-
ing program is being written at Chalk River using a harmonic oscillator basis.
[-1 principle both programs should givs identical results in the limit of com-
plete sets of states, but the question is one of rate of convergence for trunca-
ted bases. Whereas the plane-wave basis is admittedly a better overall des-
cription of Dlrac states, it is felt that the solitonic behaviour of the differ-
ences between these states, that yield physically relevant quantities, may per-
haps be more efficiently described by a localised (e.g. harmonic oscillator)
basis-

A paper has now been prepared on the description of the breathing modes of
nucleons and deltas using the generator coordinate technique in the chiral soli-
ton model. This work showed instabilities of the model for large soliton sizes,
an effect which is expected to disappear when the Dirac sea is taken into
account -
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8-11 .Shell Model Calculations of Two-Body Transition Operators

I.S. Towner

The Oak. Ridge shell-model code, originally written by J.B. French, E.C. Halbert,
J.B. McGrory and S.S.M. Wong (Adv. In Nucl. Phys. jK1969)193), llas b e e n widely
used at Chalk RLvec for nuclear structure calculations. The code, for a speci-
fied configuration apace, constructs a complete set of basis states, diagon-
alises the Hamiltonian matrix to give eigenenergies and wavefunctions, and cal-
culates the expectation values of standard one-body transition operators between
selected i»Igenstates. It does not calculate natrix elements of two-body transi-
tion operators- We are developing a package of subroutines that can be appended
to the Oak Ridge code to achieve this. We have two applications in mind.
First, calculations of meson—exchange currents can be extended to open-shell
nuclei. Up till now it has only been possible to examine these phenomena in
"simple" nuclear configurations such as closed-shell-plus-one nuclei. Second, a
use of perturbation theory to extend the selected configuration space leads to
effective one-body and two-body transition operators in the model space; again
up till now only the corrections from effective one-body operators have been
computed.

8.12 Theories of Nuclear Moments

l.S. Tovmer

\ textbook on nuclear magnetic and quadrupole moments is being written jointly
wil'i Prof. B. Castel of Queen's University. Towner is writing the section on
".iagnetf.1". moments covering the topics: general introduction, methods of experi-
mental measurement, shell-model calculations, core-polarisation corrections,
meson-exchange currents, deformed nuclei, interacting boson model and high spin
states.

8.13 Scalar Field and the Polyakov String

Z.X. 7,hu and H.C. Lee

In this work (PR-PiIS-P-3;8.10 (AECL-9503)) the relation between a system given
by the two-dimensional Liouville action and a general constrained system involv-
ing string fields X^ nonlinearly coupled to a scalar field <t> and the metric
gaj, of a two dimensional world sheet is examined. The theory of the uncon-
strained system is required to be (i) world sheet reparametrization invariant;
(li) spacetime Polncare invariant; and (iii) renormalizable. The following
results were found: if the scalar field is not coupled to the world-sheet cur-
vature R, then the theory reduces to either the d-diraensional string theory, or
to a special case of nonlinear sigma model on a (d+l)-dimensional target space,
with a metric that is flat in the d+ltn (i.e., the 0) dimension but has a <t>-
dependent Weyl factor in the other d dimensions. If the scalar is coupled to
the world-sheet curvature, then the theory in general has ghosts (fields with
negative norms), except for special cases, when the ghosts decouple. The special
oases exclude direct coupling between <!> and gab« Remarkably, all the ghost-
free cases (with ^-curvature coupling) can be reduced by field redefinition to
the Liouville theory. Boundary terms needed for covariant quantization are also
given.
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8.14 Conformal Field Theory In Two Dimensions and Critical Phenomena

H.C. Lee and Z.Y. Zhu

Recently a deep connection between many crucial properties of two-dimensional
statistical systems at the critical point and conformally invariant field
theories in two dimensions has been discovered [Belavin, Polyakov and
Zamolodchikov, Nucl. Phys. B241(1984)333]. The most important results of BPZ's
work are:

'.) Two dimensional systems .at the critical point are described by theories
characterized by a quantity c. known as the conformal anomaly. In each
theory there is a set of "primary" scaling fields each with a specific
scaling dimension h.

ii) When c < 1, each theory is labelled by an integer m >_ 3, and all scaling
dimensions in the theory are rational numbers,

iii) All fieLds other than primary fields can be generated from the latter by
infinitesimal conformal transformation.

i.v) All correlation functions are reducible to correlation functions of pri-
mary fields, which satisfy differential equations rendering the functions
calculable.

This field lias advanced very rapidly since its inception and has found applica-
tions in string theories and in the study of integrable systems as well as in
critical phenomena. We have written a short review of the subject and intend to
pursue research in this field.

8.15 Null Fields in Conformal Field Theory

M.C. Couture and H.C. Lee

la n conformal field theory in two dimensions, all multipoint correlation func-
tions can be reduced to functions that satisfy certain differential equations,
tfhosii derivation depends on the identification of null fields in the theory. By
miLl field one means a field whose associated Fock state has zero norm and is
orthogonal to all other Fock states. A straightforward but tedious numerical
method to identify all null states one by one is known; we are looking for a
better way to extract the desired information.

8.16 The Photon Propagator in Non-Covariant Gauges

M.S. Milgram and H.C. Lee

Some progress has been made in this work [PR-PHS-P-3;8.9 (AECL-9503)]; it
appears likely that an analytic regularLzation for Feynman integrals involving
the Factor

p«n + ir\

•aay be derived from a generalization of a previous result (Lee & Milgram, Ann.
Phys. 157(1984)408).
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8.17 Irreducible Embeddlngs and the Construction of Generating Functions for
Polynomial Tensors

M. Couture (with Prof. R.T. Sharp, McGill University)

Work on this topic is now complete [see PR-PHS-P-3;8.13 (AECL-9503) for
decails]. A paper is being written in which we propose a new method of con-
structing polynomial tensors of a group using the embedding of this group into a
larger group.

8.18 S0(8) Enveloping Algebra

M. Couture (with Prof. R.T. Sharp, McGiLl University)

The problem of giving a fulL description of the structure of enveloping algebras
of a Lie group can be translated Into the problem of constructing a generating
function for polynomial tensors based on a tensor that transforms as the adjoint
representation of the group. Work on the description of the S0(8) enveloping
algebra using the irreducible embedding SU(28) SU(8) S0(8) is in progress; a
computer program based on the S-function techniques has been written to calcu-
late the branching rules for 3U(8) S0(8).

8.19 Calculation of Characters for Elements of Finite Order (EFO)

M. Couture (with Prof. J. Patera, Universite de Montreal)

An element A of a group is of finite order if An = I where n is a positive
integer and I r.he identity element. EFO are closely related to the existence of
finite subgroups of Lie groups. In physics they have been used in Monte Carlo
methods in lattice gauge theories. The theory of EFO is in its early stage. An
important step in the study of the EFO is to calculate the characters (trace of
>'iatri>c) of these elements. We are now looking into the possibility of calculat-
ing these characters via the elementary multiplet method (for which the program
GENFUN has been written) and using the "bootstrapping" technique recently pro-
posed by R.V. Moody and J. Patera. As a test case we shall examine the group
3U(5). The first step in this problem will be to write a computer program that
calculates the SU(5) Clebsch-Gordan series.

8.20 Uniform Electric Fields in Bragg-Curve Detectors

G.E. Lee-Whiting

Charged-particle detectors based on measurement of the spatial distribution of
ionization created in a volume of gas are being developed by nuclear physicists
at CRNL. Particles enter a cylindrical detector through one of its end planes
and generate a non-uniform distribution of ionization along a line segment,
approximately parallel to the detector's axis and of length comparable to its
length. A voltage maintained between the two end planes sweeps the ionization
electrons to one end of the detector. Measurement of the total charge gives the
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energy of the Incident particle; the time dependence of the electon current
pulse ts related to the spatial distribution of ionization, and hence bears
information about the mass of the particle.

If the shape of the current pulse is to be easily interpreted, it is desirable
that the electron velocity be uniform. This requires the electric field to be
uniform over the effective volume of the detector. It is customary to use a
system of ring electrodes spaced along the curved boundary of the detector and
maintained at voltages intermediate between those of the end planes to promote
field uniformity. An analysis of the electrostatic potential within the detec-
tor was made in terms of a series of cylindrical harmonic functions. This
series is determined by the distribution of voltage, F(z), along a generator of
a cylindrical surface (S) touching the inner surfaces of the electrodes. Our
analysis shows that a very uniform field is obtained when the function G(z),
obtained by subtracting from F(z) the potential of the desired uniform field, is
periodic in z. The more rapidly G(z) oscillator with z, the more rapidly field
non-uniformities die out as one moves radially into the detector from the sur-
face S.

Our analysis is applicable to any cylindrical detecting volume, but it is parti-
cularly amenable to calculation with the electrode system used at CRNL. Here
the rings are formed by etching away copper from the surface of a sheet of
metallized kapton, which is then rolled up and inserted within a cylindrical
container. If the gaps between the rings are small, it is possible to make
treasonable estimates of the function F(z) and hence to obtain the coefficients
In the series for the potential. Analytical and numerical calculations have
been carried out for several different arrangements of rings and gaps. These
have been inserted in a computer program, CYLRDET, which traces out lines of
electric force and estimates the transit time to the end plane for electrons
originating at different positions in the detector. The numerical results con-
firm the predictions of the analysis. Excellent uniformity is obtained for as
few as nine rings.

Conical detectors are also being considered. In these the detector volume is
defined by a conical surface and two planes perpendicular to the axis of the
cone. Such a detector would be used with a small source placed at the apex of
the cone. The potential within the detector has been expressed in terms of a
saries of conical harmonics, analogous to the cylindrical harmonics used
earlier. A computer program, CONEDET, has been written for tracing the lines of
electric force- In the conical case excellent field uniformity cannot be rela-
ted to a periodicity condition, but an analogous solution does exist. We have
been able to find it numerically for one particular kind of arrangement of rings
and gaps.

8.21 Cold Neutron Source for the NRU Reactor

E.C. Svensson, W.J.L. Buyers, J.H. Root & T.M. Holden (Neutron & Solid
State Physics Branch with G. Dolling (Office of the Vice President), V.F.
Sears, P.M. Brewster (Reactor Physics Branch) and W. Mellors (Mechanical
Equipment Develop. Branch) & B.D. Howden (Nuclear Safety & Tech. Branch)

See PR-PHS-P-4:7.2 (AECL-9680).
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8.22 Fifth International Conference on Nuclei Far From Stability
l.C. Hardy, H. Schmelng, E. Hagberg and V.T. Koslowsky (Nuclear Physics
Branch) and 1.3. Toumer

See PK-PHS--F-4:3.1.14 (AECL-9&80).

8.23 Reports, Publications and Lectures

Reports

TABLES '.)<•' TENSOR FKYNMAN INTEGRALS LN THE L[GUT-CONE GAUGE WIT4 THE
'•lANDELSTAil-LKUlBRANDT PitCSCRIPULON
M.S. Milyra-.i Hiid H.C. Lee
AKCL-9176 - March 1987

MULTIPU-; SCATTERING OF ELECTRON B'iAM IN LCNAC WINDOW
O.K. L o e - W h i t i n g
MiGL-9501 - J u n e 1987

THE PROGRAM COPS I
G.!i. Lee-Whir. i . ig and G.A. P e t r o v l c h
AECL-9502 - J u n e 1987

A ST'JOY 0^ fHo USE OF THE MAGflKTlC KEKTZ VECTOR TO CALCULATE FLKLOS IN CAVITIES
M. "iuiturf?

\KCL-9183 - September 1986

?ubl_icat Lons

UPl'Lii iuIl-lTTS OF THE MIXING OF HEAVY NEUTRINOS IN THE BETA SPECTRUM OF 63Ni
i>.W. Hetherlngton, R.L. Graham, M.A. Lone, J-S. Gelger & G.E. Lee-Whiting
Piiys. R-?v. C 36,4(1987)1504

/iEUTKON SCATTERING BY ̂ He AMD 3He
ii.C. Sveris.'jori and V.F. Sears
Prog. Low Temp. Phys. 11(1987)189

iUKEGT DETERMINATION OF THE INTRAMOLECULAR 0-0 DISTANCE IN ICE In AND Ic
KY NEUTRON DIFFRACTION
:li.A. Flrjriano, D.D. Klug, E. Whalley, E.C. Svensson, V.F. Sears and E.D. Hallman
Nature 329(1987)82L

QUENCHING OF SPIN MATIX ELEMENTS IN NUCLEI
1.3. Towner
Physics Reports 155(1987)263

COLLISION CASCADES AS FRACTALS
K.B. Wlnterbon, H. Urbassek, P. Sigmund and A. Gras-Marti
Physica Scripta 36(1987)689

SOLUTION OF A SYMMETRY CONSERVING CHIRAL SOLITON MODEL FOR NUCLEON AND DELTA
K. Goeke, M. Harvey, U.-J. Wtese, F. Grumraer and J.N. Urbano
Zeltschrlft fiir Physik, A326(1987)339
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COMPARISON BETWEEN THE COHERENT-PAIR APPROXIMATION AND PROJECTION FROM A
HEDGEHOG FOCK STATE IN CHIRAL SOLITON MODELS
M. Harvey, K. Goeke, J.N. Urbano
Phys. Rev. D36(1987)2149

INTERPRETATION OF A REPULSIVE CORE BETWEEN FERMIOM CLUSTERS
H.R. Fieblg and M. Harvey
Nucl. Phys. A469(1987)557

MULTI-QUARK SYSTEMS ANU NUCLEAR STRUCTURE
H. Rudolf FiebLg and M. Harvey
Nucl. Phys. A473( 1987)637

THE LIGHT-CONE GAUGE AND FIUCTENES3 OF N=4 SUPERSYMMETRIC THEORY
J.C Taylor and H.C. Lee
Phys. Lett. 3185(1987)363

QUEST FOR UNIFICATION
H.C. Lee
Physics in Canada 43(1987)123

TABLES OF DIVERGENT FEYNMAN INTEGRALS. II. LIGHT-CONE GAUGE WITH THE
>1ANDELSTAM-LEI8BRANDT PRESCRIPTION
M.S. Mils ram and H.C. Lee
J. Comp. Phys. 71(1987)316

Lectures

SCHROOINGIiR EQUATION FOR NEUTRON OPT LOS
V.F. Sears
International Workshop on Mattec Wave Interferometry, Vienna, 1987 Sept. 14-18

QUENCHING OF GAMOW-TELLER STRENGTH
f.. S. Towtier
Invited Talk at 5th Int.. Conf. on Nuclei Far From Stability, Rosseau Lake, Ont.,
1987 Sept. 14-19

COLLISION CASCADES AS FRACTALS
K.3. Winterbon
NRC, Ottawa, 1987 Sept. 22

THE FUNDAMENTAL STRUCTURE OF MATTER
11. Harvey
Talks given at the Deep River Science Academy, Aug. 6 and at the
Science Teachers of Nova Scotia Annual Meeting, Halifax, Oct. 22

NUCLEAR SAFETY: BEYOND THE TECHNICAL DETAILS
M. Harvey
\ submission to the Ontario Nuclear Safety Review on behalf of SAPE,
Sept. 24 - with H.R. Andrews
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PANEL DISCUSSIONS ON NUCLEAR TECHNOLOGY
M. Harvey
at CRNL to visiting groups of students, Oct. 14 and 28

RADIATION: ITS ORIGINS, EFFECTS AND USES
M. Harvey
Invited Talk at the Science Teachers of Nova Scotia Annual Meeting, Halifax,
Oct. 23

DI.RAC SKA EFFECTS IN THE CHTRAL SOL ETON MODEL
M. Harvey
Invited Talk at University of Toronto, Nov. 22

ASPECTS OF LIGHT-CONE GAUGE
if.C. Le«
University of Cambridge, 1987 June 9

SCALAR FIELD AMI) THE POLYAKOV STRING
Z.Y. Zhu and H.C Lee
NSERC Summer Inst. in Theoretical Physics, Univ. of Alberta, July 10-24

INTRODUCTION TO CONFORKAL FIELD THEORY AND CRITICAL PHENOMENA
H.C. Lee and Z.Y. Zhu
NSIiRC Summer Inst. in Theoretical Physics, Univ. of Alberta, July 10-24

INTRODUCTION TO GEOMETRY AND TOPOLOGY IN PHYSICS (ten lectures)
H.C. Lee
University of Western Ontario, on five occasions from Oct. 6 to Dec. 1

QUEST FOR UNIFICATION
H.C. Lee
University of Winnipeg, Dec. 2

CONFORMAL FIELD THEORY IN TWO DIMENSIONS AND CRITICAL PHENOMENA
H.C. Lee
University of Manitoba, Dec. 2
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9. FUSION

9.1 Background

AECL has been given the responsibility by the federal government for opera-
ting the National Fusion Program (NFP). Funding for the MFP is obtained
through the federal interdepartmental Panel on Energy Research and Develop-
ment (PERD) which is administered by the Ministry of Energy, Mines and
Resourced. The Fusion Office in the Physios and Health Sciences Program
Responsibility Centre is the AECL organization that manages the program. In
order to put the reports that follow in their proper context, the objectives
and strategy of the NFP are given as a preamble.

9.1.1 0 b jj5c_t i ves_

The objectives of the R&D in this area are:

- to establish and maintain in Canada the necessary expertise to provide a
foundation from which the capability of building fusion power systems can
be developed;

•- to gain, in the shorter term, effective access to international knowledge
in fusion technology by making a recognized contribution to the interna-
tional effort; and,

- to develop, in the intermediate term, sufficient technological capability
to allow Canadian industries to supply subsystems, components, fuel and
services for foreign fusion power developments (whether they be experi-
mental, demonstration or commercial units).

9.1.2 Strategy

Tne strategy employed to meet these objectives recognizes the long-term
nature of fusion R&D and the high-level (> $2 billion annually) of interna-
tional effort. The Canadian effort is narrowly focused with projects that
meet the following criteria: i) the possibility of interim industrial bene-
fits is high; ii) there is an indigenous Canadian advantage that will pro-
vide a basis for Canadian leadership in the technological speciality; and
iii) the interest to foreign programs is sufficiently high to make exchange
of technology a likely outcome. Matching funding by the provinces in the
major projects ensures sharing of the R&D risks. Participation in them by
electrical utilities, industries, universities, and federal laboratories
assures an appropriate level of technical involvement and interest.

9.2 National Fusion Program

Coordination of the total Canadian effort in the National Fusion Program
(NFP) is essential to achieve both the optimum use of domestic resources and
the maximum leverage for the program internationally. The NFP was initiated
by the National Research Council (NRC), but government decisions taken in
1985 resulted in the staged and orderly transfer of responsibility for the
program from NRC to AECL which was completed on 1987 April 01. This transi-
tion was accomplished with minimum disruption to the program. AECL has
formed a Strategic Advisory Committee to assist in guiding the long-term
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strategy of the NFP. Consultation and coordination with other departments,
the provinces and the fusion community in general is achieved through ad hoc
groups assembled to advise on specific issues. The original plan for the
NFP called for Canadian participation in each of the three major thrusts of
international fusion R&D: magnetic confinement, inertial confinement, and
materials/engineering. Significant projects in the first (Tokamak de
Varennes) and last (Canadian Fusion Fuels Technology Project) of these are
well established. A small but vigorous International Program is an
essential element of the NFP.

Highlights

Highlight.1? for the reporting period are as follows.

• The major activity during the period has been to derive a new plan
for the NFP and secure additional funding for the fiscal years
1989/90 through 1991/92. This plan includes an upgrade to the
Tokamak de Varennes for current drive capability by means of
auxilliary radio-frequency heating and participation by Canada in
the ITiiR (International Thermonuclear Experimental Reactor) project
for an internationally based fusion engineering test reactor.

• The FusionCanada newsletter was successfully launched with 2 issues
produced during the period. This publication, issued in both
official languages, reaches 2800 people in Ui countries. Initial
comments on it have been very favourable.

9.3 Tokamak de Varennes

The Tokamak de Varennes is a magnetic confinement fusion experiment jointly
funded by the NFP and Hydro Quebec with collaboration from industrial and
university partners. The project is directed by a steering committee with
technical review provided by an international advisory committee.

The device is a medium-sized tokamak that achieved first operation in 1987
Maroh. The construction phase required that industry acquire specialized
technological capabilities previously unavailable in Canada. In parallel
with this expansion of the national technology base, a world-class team of
fusion scientists and engineers was assembled for the R&D program.

The machine has unique features: for example, it is the world's only fusion
experiment operated by an electrical utility and one of the few powered dir-
ectly from transmission lines, both of which stemmed from IREQ's historical
expertise in high power electrotechnology. Since it is designed to maintain
it.5 magnetic fields for much longer than most other tokamaks, long time-
.-3cal'? effects in plasma confinement can be studied. This important feature
together with its impurity control systems, advanced diagnostics and equip-
ment for plasma materials interactions ensure that the Tokamak de Varennes
will, have an important role in international fusion research. The high
level of collaboration in place even before its operation is indicative of
significant world interest - the challenge in future years will be to
upgrade and improve the machine in order to sustain its relevance.

Highlights

.1 Vri TVI T 1 -rVi *• P r t n i- Via c o n A p M n f f n o i " i A H i<a -ata P A ! 1 .-M.ro
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• The Tokamak de Varennes performed over 2000 shots (discharges) to
the end of the period. The final two major design target.-? were
achieved, namely, plasma current of 200 KA and discharge pulss
length of greater than 1 second.

9.iJ Canadian Fusion Fuels Technology Project (CFFT?)

CFFTP's objective is to capitalize on the domestic expertise in tritium
technology established in the CANDU fission reactor program - tritium 1.-3 the
majo" fuel for future fusion reactors. Now in its second 5-year term, it is
funded 50$ by the federal government (AECL) and 50% by Ontario Hyd'-o.
Project management is provided by Ontario Hyiro. CFFTP is directed by a
steering com.Tiittee, consisting of representatives of the funding partners,
that is advised on technical matters by a committee of Canadian and foreign
experts.

The project plans and supervises fusion fuels H&D work in industry,
utilities, universities and federal laboratories, and markets Canadian
technology abroad. R&D programs in tritium technology, fusion blankets,
materials, health and safety, and equipment development have been successful
!.n achieving international recognition for Canada. This work, together with
staff attachments, participation in international study teams and represen-
tation at conferences has been used effectively to gain access to the major
world programs and to broaden the indigenous fusion technology base.

CFFTP has also had good success in gaining foreign markets for Canadian
industry for fusion-related goods and services in the US and particularly
Europe. This business Is currently expanding, since several foreign fusion
fufils laboratories are planned or under construction. Canadian products
;">uovi an tritium pumps and tritium monitors are also being vigorously
promoted by CFFTP, with promising results.

Highlights

A highlight for the reporting period is as follows.

• Excellent progress on securing fusion business was made during the
period, notably a major contract (approximately 1M$) to supply a
tritium system to the University of Petroleum and Minerals in Saudi
Arabia.

9.5 International Program

The program stresses international collaboration as an essential part of its
strategy with the aim of forging links with the major world programs in
order to acquire information, encourage technology transfer into Canada,
foster commercial opportunities, and increase the relevance and leverage of
the NFP.

Canada is active in several International Energy Agency (IEA) fusion commit-
tees and study groups and participates in the TSXTOR joint experiment and
the BEATRIX materials exchange through this agency. The NFP also takes part
in the Economic Summit process of the Western heads of state, since fusion
is one of the areas identified in the Technology, Growth and Employment
thrust initiated at the Versailles summit of 1982. Bilateral fusion agree-
ments between Canada and Japan and Canada and the EEC have been concluded.



Since the achievement of fusion power will be a large and expensive process,
perhaps too large for any one country, large-scale International projects
are under discussion. A new initiative of this type resulted from the
Reagan-Gorbachev summits; called ITGR (International Thermonuclear Experi-
mental Reactor), it envisages an international fusion engineering test
reactor to be designed and built by the US, USSR, Japan and Europe. The NFP
has an important role in the assessment of these projects, with respect to
the opportunities for Canada, and coordination of Canadian participation in
them.

Highlights

Highlights for the reporting period are as follows.

• The US-Canada bilateral way signed in 1937 November and the first
•neetlng of the joint committee was held. It was agreed to continue
existing collaborations and to increase work in (a) the US CIT
(Compact Ignition Torus) project, (b) fusion reactor technology and
materials, and (c) confinement physics involving the Tokarnak de
Varennes and US groups. Canadian participation in ITSR through the
US was welcomed by the US.

• A draft agreement for CFFTP participation in the EEC's NET (Next
European Torus) project was negotiated. By means of this arrange-
ment Canadian participation in ITGR could be structured through
NET.

9.6 Inertial Confinement

The original plan for the NFP included inert Lai confinement fusion as a
program area. 4 major project In this area has not yet been assembled, but
the option is retained in the NFP. Activity is now confined to a monitoring
role and in providing assistance to Canadian researchers. Research programs
in inertial confinement are currently carried out in several Canadian
jni /ersitles and at NRC.

Highlight

A highlight for this period Is as follows.

• A distinguished panel of US and Canadian experts was convened by
AECL. to assess the ALTECH proposal for an Inertial Confinement
Fusion (ICF) project in Alberta. Their conclusions were generally
positive concerning the scientific objectives of the project and
the project team. In their opinion the KrF laser work proposed
would provide a "niche" for Canada in world ICF activities.
However, the panel had misgivings about the very ambitious scope of
the proposal and the complex relationships of the participating
organizations. An interdepartmental coordinating committee was
organized to advise on further actions on the ALTECH proposal.
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