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Saskatchewan Accelerator Laboratory

Preface

The euphoria experienced last year after the award of the NSERC grant for
upgrading the facility, has given way to enthusiasm and determination. An enor-
mous amount of work has been done on design and procurement and an even greater
amount of work remains for installation and commissioning. In response to this
pressure we have hired about 18 new people to roughly double the number of people
in the laboratory. It is fortunate that we now have a new building to house them.

The building construction prevented operation of the accelerator during most of
the year, thus this report mostly describes the upgrading program and suitcase phy-
sics undertaken by the protagonists to maintain their contact with experiments.

The whole project was scheduled for completion in the summer of 1986, but
problems with the space to house the new magnetic spectrometer have delayed that
part of the program by about six months.

Henry S. Caplan

21st November 1984

Preface - 1 -
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I. ADMINISTRATION

A. Introduction

H. S. Caplan

For more than twenty years the University of Saskatchewan has operated an
electron linear accelerator at the Saskatchewan Accelerator Laboratory. When the
machine was originally installed in 1963 it was of world class. Although it was
upgraded over the years to its present 300 MeV configuration, by 1982 it became
clear that either the laboratory be restored to world class or it be closed down. In
response to a Major Installation Grant application submitted in October 1982, the
Natural Sciences and Engineering Research Council (NSERC) awarded a grant of 5.8
million dollars for an Energy Compressor System (ECS), a Pulse Stretcher Ring
(PSR) and a new Magnetic Spectrometer (SPECT). The upgrading project was
scheduled to be completed in three years.

B. Objectives

The objectives of the Saskatchewan Accelerator Laboratory are the following:

• To conduct research in the areas of Intermediate Energy Nuclear Science, Radia-
tion Chemistry and such other areas to which the technology available can be
applied.

• To develop high technology equipment in the areas of Particle Detection,
Accelerators and Electronics.

• To train young people in the above fields, as a source for educational or other
institutions and also to maintain a pool of expertise for local and national needs.

C. Review Procedure

Although both the operation and the upgrading of the laboratory are funded by
NSERC, two separate committees look after these functions. The operation is
reviewed each year by a Grant Selection Committee (GSC) which makes recommen-
dations on the level of the Infrastructure and other grants. The progress in the
upgrading is monitored by an ad hoc group called the Saskatchewan Advisory Com-
mittee (SAC) which reports directly to the presidents of NSERC and the University
of Saskatchewan. While the membership of the GSC changes from year to year,
that of the SAC is constant and is listed below:

- 2 - ADMINISTRATION
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Dr. K. Erdman - University of British Columbia
(TRIUMF) - Chairman

Dr. S. Kowalski - M.I.T., Cambridge, Mass.
Dr. J. Ormrod - AECL Chalk River Laboratories
Dr. J. Paterson - SLAC, Stanford, California
Mr. S. Shugar - NSERC - Secretary

The functioning of the committee system itself was reviewed after about one year
by a special visit of Mr. Geoff Hanna and Mr. Steve Shugar of NSERC. The
schedule of these visits is given below.

1. NSERC SAC # 1 September 20-21, 1983
2. NSERC SAC # 2 January 16-17, 1984
3. NSERC GSC Site Visit January 21, 1984
4. NSERC SAC # 3 June 14-15, 1984
5. NSERC Hanna/Shugar Visit August 30, 1984
6. NSERC SAC # 4 November 8-9, 1984
7. NSERC GSC Site Visit December 13, 1984

D. Manpower

The details concerning the arrival and departure of staff members are shown in
Section XII. Here we merely show the current organization chart, Fig. I.I and the
development of manpower Fig. 1.2.

Concerns expressed by the SAC committee encouraged us to expand our staff
somewhat faster than we had planned. Thus we are now quite close to our equili-
brium complement. We are still looking for a Senior Accelerator Physicist and for a
Senior Engineer, particularly one with RF experience. We have had little luck in
hiring good Research Associates recently, but hope that such people will appear
nearer the time that a beam is expected from the machine.

An important adjunct to our staff has been the engineering company DSMA
ATCON Ltd. of Toronto and Edmonton who were retained to provide assistance in
project management, procurement and mechanical design. D. Ferguson and S.
Broughton of the Toronto office were assigned to the laboratory on a temporary
basis. They moved to Saskatoon in September 1983 and will be available full time
for at least a two year period. Keith Lacey of the Edmonton office has served as the
administrative officer for DSMA ATCON and as a technical specialist in electronics
and control areas. Other specialists from the Toronto office are available when
required.

ADMINISTRATION - 3 -
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We have also received scientific and technical assistance from the following peo-
ple:

1. Dr. K. Ingvar Blomqvist,
Massachusetts Institute of Technology,
Cambridge, Massachusetts
Expertise: Spectrometer Design

2. Dr. Blaine E. Norum,
University of Virginia,
Charlottesville, Virginia
Expertise: Storage Ring Design

3. Dr. Richard C. York,
University of Virginia,
Charlottesville, Virginia
Expertise: Storage Ring Design

4. Dr. Jacob Flanz,
Massachusetts Institute of Technology,
Cambridge, Massachusetts
Expertise: Storage Ring Design

5. Mr. Maurice G. Kelliher,
Kelvin Laboratory,
University of Glasgow,
Glasgow, Scotland
Expertise: RF Structures

6. Dr. Roger H. Miller,
Stanford Linear Accelerator Center,
Stanford, California
Expertise: Accelerator Physics

7. Dr. Roland F. Koontz,
Stanford Linear Accelerator Center,
Stanford, California
Expertise: Electron Gun Design

8. Dr. Dieter R. Walz,
Stanford Linear Accelerator Center,
Stanford, California
Expertise: Design of Slits and Collimators

9. Mr. Peter J. T. Bruinsma,
NIKHEF,
Amsterdam, The Netherlands
Expertise: Accelerator Physics, RF Noise

10. Dr. Rob Maas,
NIKHEF,
Amsterdam, The Netherlands

- 6 - ADMINISTRATION



Sifkatchewia Accelerator L»bor»tory

Expertise: Storage Ring Design

11. Dr. Joe McKeown,
Atomic Energy of Canada Limited,
Chalk River, Ontario
Expertise: RF Cavity Design

12. Dr. W. Ken Dawson,
TRIUMF,
Vancouver, B.C.
Expertise: Control Systems

E. Planning and Schedules

D. M. Skopik

Because of the size of the EROS project we have a clear and obvious need for
fairly detailed project management. Our consulting engineers (DSMA-ATCON) set
up a traditional PERT (Program Evaluation Review Technique) that helped us in
the initial stages of the project to organize the efforts of our scientific and technical
staff. This conventional PERT however was limited in usefulness. The number of
tasks that could be handled at any one time was limited to 200 and updates were
difficult to do and consequently were not being done often enough to be really mean-
ingful.

For these reasons we have transferred this PERT with an expanded data base to
a program called TELLAPLAN. Updates are easily made, manpower requirements
can be estimated and simulations of various "what ifs" can be quickly carried out.
The major tasks that we have defined for the EROS project are shown in Fig. 1.3.
The planned, estimated and actual time are easily read from this graph. Other more
specialized plots are available to various people involved in the day-to-day as well as
long term management.

Of special interest to the Canadian physics community is the, soon to start, plan-
ning of the Experimental Program. Users are encouraged to join in planning and
developing the experimental apparatus needed to perform coincidence studies with
the high duty cycle electron beam that will be available from EROS.

ADMINISTRATION - 7 -
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F. Procurement

D. C. Ferguson, DSMA ATCON

In conjunction with the laboratory staff DSMA ATCON has undertaken procure-
ment activities for eighteen packages of major equipment as summarized in Table
I.I. In addition, purchase orders for vacuum and cooling system components, slit
jaw and collimator brazing, strongback and support pedestal fabrication, and electri-
cal and control equipment were placed. The latter activities were largely carried out
by the laboratory staff as the result of detailed design activities which were moni-
tored and documented by DSMA.

Of the major procurement activities shown in the table, the first eight items were
for the Energy Compression System (ECS) installation, the next five for the Injection
Beam Line (IBL), the next four for the Pulse Stretcher Ring (PSR), and the final one
for the Spectrometer (SPECT). Work will start shortly on the procurement of the
extraction beam line. After that only smaller items will remain to be purchased.

The procedure for each major purchase is to send a Request for Proposal (RFP),
either in letter form or as a formal document, to a list of prospective bidders. The
eventual supplier is selected through a competitive evaluation of the replies received.
The unsuccessful bidders are informed as to why their bid was not accepted.

In nearly all cases, the purchase orders were accompanied by a formal Procure-
ment Specification (PS) which included a detailed description of the equipment
ordered, terms and conditions applicable to the transaction, delivery and payment
schedules, and a signed agreement between the parties involved.

ADMINISTRATION - 9 -
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G. Budgets and Accounting

H. S. Caplan

It is not the custom to report the financial position of the laboratory in the
annual report. However in the present case some general remarks are in order.

At the outset of the upgrading there was considerable discussion on the relation-
ship between the dominant funding from the Major Installation Grant and the
Infrastructure Grant awarded for operating the facility. The status of this latter
grant was particularly obscure as it was clear there would be very little actual opera-
tion of the facility during the upgrading period. The resolution of this problem was
to assign all manpower to the Infrastructure and only equipment and other pur-
chases to the Major Installation. This was in recognition of the fact that the
upgraded laboratory would require about twice the manpower and operating budget
it had at the outset and the build-up would have to occur during the upgrading
period. Indeed this manpower has been built up faster than anticipated and a deficit
is projected for the Infrastructure account.

The budget for the Major Installation has naturally been a major concern of the
Saskatchewan Advisory Committee. The original budget submitted with the grant
application in October 1982 was very general and contained only 22 line items and
had an overall contingency of approximately 13%. Several more detailed budgets
have been prepared since then. One developed in July 1984 had 150 items and pro-
jected a total cost of $5.85 M with an error of ± 8%. This was felt to be reasonable
as we are still working with 1982 dollars and inflation in Canada since that time has
been about 10%. However SAC suggested a more conservative approach and asked
for a budget whose upper bound was the $5.8 M granted by NSERC and contained a
reasonable contingency. This budget is in preparation but the desired result can
only be achieved by red-lining some items. It is hoped that some of these can be
recovered from the contingency should our luck hold.

To maintain the strict financial control required a good accounting system is
necessary. While the University of Saskatchewan maintains detailed accounts which
are audited annually, these have not been able to supply the immediate feedback
required. This is in part due to the delay involved and more importantly due to the
very different classification system used. We have therefore been using a system sup-
plied by DSMA-ATCON Ltd. but even this has its limitations. We hope to imple-
ment a more flexible accounting system developed from commercial software in the
near future.

ADMINISTRATION - 1 1 -
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H. CONVENTIONAL CONSTRUCTION

H. S. Caplan

A. Introduction

Part of the agreement with NSERC for the award of the grant to upgrade the
laboratory, was tiiat the Province of Saskatchewan would fund all the conventional
construction involved. This included the new building necessary to house the
increased staff and facilities required and also the structural modifications to the
underground parts of the existing building needed to accommodate the pulse
stretcher ring and its ancillary equipment. The province provided just under one
million dollars for these purposes and we have been sorely pressed to make this
amount stretch to satisfy our requirements. The design of the building was the last
job tackled by John McAlpine before he became ill and entered hospital early in
January 1984 never to return to the project.

B. The New Building

The building extension and its relationship to the existing building is shown in
Fig. n . l . The useful living space and the available set-up area in the laboratory has
been approximately doubled.

The work was completed in September '84 about six weeks later than promised
and the staff started moving into the new space on 1st October. The move of the
machine shop equipment and the computers is scheduled for mid-December '84.

We are very happy with the new space which has not only relieved the over-
crowding of people but provided facilities that we only dreamed of in the past.
These include:

• Welding and cleaning areas in the new machine shop.

• A much larger electronics shop.

• A separate RF test shop.

• A set-up room for computer interfacing equipment.

• A room for printers, plotters and other specialized computer devices.

- 12 - CONVENTIONAL CONSTRUCTION
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Saskatchewan Accelerator Laboratory

C. Modifications to the Existing Below Grade Space

The conventional construction required for the project also involved cutting pas-
sageways through several reinforced concrete shielding walls in the existing building.
The contractor completely underestimated the difficulty (and cost) of this task which
took more than three months longer than anticipated. Thus, instead of getting rid
of the construction workers in May, it was the end of August before we could run
the accelerator. This has not delayed the project but it precluded the use of the
machine for the experimental work we had planned for the summer.

The only conventional construction remaining to be done is the modification of
the main experimental hall to accommodate the new spectrometer. This problem
will be discussed in more detail in the spectrometer section of this report. Suffice it
to say here that the difficulty has been to find a solution within the financial con-
straints which presently exist.

- 14 - CONVENTIONAL CONSTRUCTION
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HI. ACCELERATOR DEVELOPMENT

H. S. Caplan and F. T. West

A. Accelerator Operation

In this section we usually report the hours of running and their partition among
the experimental programs. In the current reporting period the machine has only
run about 200 hours with beam and about another 300 hours with RF alone. All
this time was dedicated to testing or conditioning the machine and ancillary equip-
ment and none was used for experiments.

Some of the running occurred late last year (1983) before the machine was
covered with the wooden cocoon which protected it during the construction period
from January to August. Following the departure of the contractors the system was
fully recommissioned and beam was delivered to the target in the existing spectrome-
ter hall for test purposes. Almost immediately thereafter the beam switchyard was
torn apart again to allow installation of the energy compressor system (ECS). This
may seem like a strange way to proceed, but we feel that the effort to recommission
was necessary to ensure that all incipient problems would come to the surface and be
dealt with. Indeed this fitful mode of running saw a significant number of com-
ponent failures as devices objected to coming back on the air after considerable
downtime.

The current status of the machine is that it is fully operational at 300 MeV and
will be run again once a vacuum system has been installed in the ECS.

B. The SLAC Section

For several years our machine ran without its first accelerating section. In
November 1983 we obtained the long delayed kit of waveguide parts needed to con-
dition and install an old SLAC section which we had obtained from MIT. This ship-
ment was the replacement for an earlier shipment which had gone missing and is still
the subject of litigation. Be that as it may, we used the kit first to condition the
SLAC section off-line and then to install it in the machine. The installation took
place in early January and the system behaved beautifully including the somewhat
unusual use of a quadrupole triplet mounted around the structure for focussing as
shown in Fig. III.l.

ACCELERATOR DEVELOPMENT - 15 -



Saskatchewan Accelerator Laboratory

Figure

- 16- ACCELERATOR DEVELOPMENT



Saskatchewan Accelerator Laboratory

C. The Low Energy Beam Line (42 MeV)

At the same time as the installation of the SLAC section, we replaced the low
energy beam line which had served the chemists for about fifteen years. The old sys-
tem was based on a 270° magnet and was a perennial source of problems. The new
system is also shown on Fig. H1.1 and is a standard 90° achromat consisting of two
45° magnets with a quadrupole and energy defining slits between them. This bend is
followed by a quadrupole triplet to give flexible beam conditions on the target. Ini-
tial tests of the system were satisfactory but the contractors arrived before detailed
measurements could be made.

As well as functioning as a chemistry and general low energy port, this line is
currently being used to test three of the types of beam monitors we plan to use on
the EROS system. In the future, the ability of this line to measure the energy spec-
trum of the output of the first section will be very useful in setting the front end of
the machine up properly before the beam is injected into the rest of the accelerator.

D. Section Temperature Stabilization

At first sight it would seem straightforward to maintain the temperature of the
accelerating sections constant to one tenth of a degree Celsius. In practice our ina-
bility to do so has been a source of poor beams and sometimes of massive vacuum
failures. Numerous attempts have been made in the past twenty years to solve this
problem. During the period when the accelerator could not be run, Mr. Curtis Figley
of this laboratory and a consultant from DSMA-ATCON came up with a solution
which has been successfully implemented on two heat exchanger systems. The sys-
tem uses a microprocessor based controller but also depends on intelligent placement
of components and choices of flow speeds. Other existing heat exchangers will be
replaced by the improved design during the coming year.

E. Transmitter Improvements

In February 1984, Mr. P. Bruinsma from NIKHEF visited the laboratory as a
consultant. As a result of his visit we were able to reduce dramatically the electrical
noise from our transmitters. We are embarrassed to report that an important part
of this long outstanding problem was the excellent paint job on the modulator
cabinet doors which insulated them from the grounding braid around the cabinet.
Other improvements to the noise were made by introducing grounding straps in stra-
tegic locations and changing the routing of cables into and out of the modulators.

During the long down period we also replaced the main control console to make
space for the ring control system. This also allowed us to remove much redundant
wiring and reroute other cables in^a logical, neat and well documented manner.

ACCELERATOR DEVELOPMENT - 17 -



Saskatchewan Accelerator Laboratory

We received delivery of the PIN diode modulators designed to give us better con-
trol of the timing of the RF to the sections. These proved more difficult to build
than the manufacturer had anticipated and have poorer rise time and much poorer
fall time than we had hoped for. They are still being bench tested but we hope to
try one or two during the next running period.

- i8 - ACCELERATOR DEVELOPMENT
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IV. THE ENERGY COMPRESSOR SYSTEM

J. C. Bergstrom

A. Introduction and Status

The ECS immediately follows the linear accelerator but precedes the injection
beam line to the pulse-stretcher ring. Its function is to "compress" the energy spec-
trum of the electron beam by a factor of 5-10, to match the energy acceptance of the
ring.

The ECS involves much of the same technology used in the pulse stretcher ring.
It has precise magnetic optical requirements, a sophisticated RF drive system, syn-
chrotron light monitors, etc. Its installation and commissioning are regarded as a
dress rehearsal for the ring itself.

The ECS consists of a 3 magnet chicane (39.3°, -78.6°, 39.3°) that generates a
longitudinal dispersion in the beam, followed by a short RF accelerating section
(2856 MHz) as shown in Fig. IV. 1. The fields in the section preferentially accelerate
the slower electrons while decelerating the faster ones. The phase-dispersion is about
57 degrees/percent. Power for the RF section will be provided by splitting about 7
MW from the 20 MW feeding the first section of the linac.

Most of the major components of the ECS are now in-house, with the exception
of the RF power splitter and some vacuum components, and installation is progress-
ing in an orderly manner. The supporting pedestals for the dipole magnets have
been placed in position and the magnets themselves have been installed. The first
order of business is to map the B/I curves of the dipoles to create the data-base for
the computer control, and these measurements will start immediately. Complete
field maps were determined at the manufacturer's site (Danfysik, Denmark) and will
not be re-measured.

Assuming no further delays in the delivery of critical components, we expect to
complete installation in January 1985. Tt should be pointed out that the operation
of the ECS is not essential for the next .step in the upgrading program. Nonetheless
we hope for a smooth commissioning process to vindicate our design and planning,
and also to boost our morale for the major effort on the ring itself.

THE ENERGY COMPRESSOR SYSTEM - 1 9 -



Saskatchewan Accelerator Laboratory

R=t--=

- 20-
Figure IV.l

THE ENERGY COMPRESSOR SYSTEM



Siskitcbrwin Accelerator Libontory

B. Slits, Collimatora and Beam Dumps

The ECS vacuum system includes a series of beam defining apertures and low
power beam dumps. We were helped in designing these items by cur consultant Dr.
Dieter Walz of SLAC. Most of the effort has gone into the beam stopping slits. The
design of the jaws was facilitated by the shower code EGS3 and the first prototype
has been delivered and will be tested in the beam very soon. A novel drive system
was designed by Mr. Simon Broughton of DSMA-ATCON and several have been
built in our own shop.

There are three of these slits in the ECS. A pair of x-y emittance slits (32 kW)
precedes the ECS and another set of x-jaws located between the firi. and second
dipoles limits the energy-acceptance of the ECS to ± i percent.

Protection collimators (5 kW), to be located at critical points, are now designed
and the first prototype has been built. Errant beam spill will be monitored by
SLAC-type ionization chambers.

A series of beam dumps (30 kW) are to be installed at the ends of the various
tune-up lines, including the ECS. They will consist of water-cooled disk-loaded
(copper) cylinders. The final dimensions will be determined by EGS shower calcula-
tions.

C. Steering Coils

A minor but aggravating problem has been the development of compact x-y
steering-coils for the ECS and other beam lines. A prototype 36-pole cosine dipole
was not very successful, but a new 24-pole prototype wound on commercial stamp-
ings proved highly satisfactory. The more conventional steering-coil designs are not
acceptable because, in some locations, they generate large stray magnetic fields in
the vicinity of the storage ring.

D. Synchrotron Light and Emittance Monitors

We have followed the precedent set by the Mainz and Glasgow compressors by
installing synchrotron light monitors. We have a light port on each dipole and will
use periscopes and mirrors to bring the light to a single camera. Not only is this sys-
tem vital for the commissioning of the compressor but also the experience we gain
can be applied directly to the ring.

It is clear that proper tuning of the injection beam line for the stretcher ring will
depend on knowledge of the beam-emittance at the entrance to the ECS (i.e., the /?-
functions), and an emittance monitor has been designed for that purpose. It is sim-
ply a weak quadrupo'e and two profile monitors, one at the quadrupole, and one
about 8 m downstream. The emittance is then related to the product of the beam
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size at the quadrupole and the minimum beam size produced by the quadrupole at
the second monitor. The profile monitors will be of the flying-wire type designed at
NBS, and a prototype has been shipped to us from NBS. For a profile resolution of
0.1 mm, the emittance can in principle be determined to 10-20 percent.
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V. THE PULSE STRETCHER RING

A. Introduction

For the purposes of reports and budgets we consider the PSR to start at the
outrun of the ECS and end at the target in the main experimental hall. Thus the
system is made up of three main parts:

• The injection line which bends the beam through 180° lifting it to the ring plane
and presenting it to the ring with the correct phase space orientation.

• The ring proper whose function is to improve the duty cycle and energy spread.

• The extraction beam line which delivers the beam to the spectrometer target
with the necessary energy dispersion.

B. Injection Beam Line

J. C. Bergstrom

The injection line transports the beam from the ECS to the injection point in the
pulse-stretcher ring. In order to inject at a point in the ring where the horizontal /?-
function is reasonably large, it is necessary to deflect the beam 180° after the ECS.

The 180° bend is constructed of two 90° cells whose phase advances are each
equal to jr. The complete bend is then nearly equivalent to a dispersion-free drift of
zero length in both planes. The second 90° cell is rotated 8.2° about the beam direc-
tion in order to produce the correct beam alignment for the injection septum mag-
nets (injection is vertical, from below the closed-orbit). The 180° bend contains four
dipoles and ten quadrupoles. The pole-face rotation angles are 22.5° (i.e., parallel-
face dipoles) which makes the alignment and orbit uncertainties quite forgiving.

The 180° injection bend also provides a convenient spectrum analyzer for tuning
the ECS. The beam will be swept across a set of slit jaws located at the 90° point,
by an oscillating steering coil positioned TT/2 in phase ahead of the jaws.

A four-quadrupole telescope precedes the 180° bend whose purpose is to prepare
the beam alpha and beta functions for injection. The configuration and tuning of
the telescope can accommodate a large range of beam emittance and ellipse-
orientation (alpha-functions) from the linac. Since the 180° bend behaves like a drift
of zero length, the tuning of the telescope can be performed along the final stages of
the injection line. Three flying-wire profile monitors separated by 2.4 m will be used
to determine the alpha and beta functions in both planes at the position of the cen-
tral monitor. An algorithm for adjustment of the telescope quadrupoles, using input
from the profile monitors measured at several field settings, will be developed.
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Following the bend, the beam slants upwards at 8.2° to the horizontal. It then
receives two "kicks", 6.1° and 2.1°, respectively, from the two septum magnets.
Magnetic field studies of the septum magnets using POISSON have been performed,
and prototype magnets will be constructed to determine the stray fields. We are
attempting to keep these stray fields at the position of the closed orbit to less than 1
gauss, since these are D.C. magnets. Consideration was given to using pulsed sep-
tum magnets, but the simpler technology of D.C. hardware is more attractive.

RFP's for prototype injection septum magnets have been sent out. The thin-
septum magnet is being developed around anodized aluminum as the septum, and
iron as the yoke. Hopefully, the anodizing will provide the necessary electrical insu-
lation but also permit the ohmic heat to transfer to the iron. All the quadrupoles,
dipoles, and associated power supplies for the injection line have been ordered. To
simplify tuning procedures, we have opted for individual power supplies for each
magnet, rather than incorporating trim-coils into the magnets. (We have opted for
this philosophy on the storage-ring magnets as well.) Delivery of the magnets is
expected in February 1985.

After much procrastination, we have decided to construct the injection-line
vacuum system from stainless steel, rather than aluminum. Assembly drawings for
the injection-line strongback are now being made.

C. Pulse Stretcher Ring

1. Ring Lattice

L. O. Dallin

In the month of February, Les Dallin studied the mechanical and magnetic design
of the bend magnets and the special quadrupole-sextupole elements. It turned out
that the quadrupole-sextupole elements did not offer any difficulty. The original
dipole design required curved pole faces and tailored current sheets on the pole tips
to provide part of the second order optics in the curved section. The current
strength and distribution in the sheets and fabrication difficulties proved unworkable
so the curved section cells were redesigned. This resulted in an increase in the
number of quadrupole-sextupole elements which now handle all the second order
optics. The dipole in the new setup is a simple design with straight and parallel pole
faces and no field clamps necessary.

This fall a manufacturer was chosen for the ring dipoles, quadrupoles and
quadrupole-sextupole magnets and construction of these elements is now under way.
This leaves the two closed orbit kickers and the two extraction sextupoles as the
only ring elements yet to be ordered.

In November the quadrupole-sextupole magnets were modified slightly at the
request of the manufacturer. This was to allow for more room for the excitation
coils. At the same time the magnetic field (and possible saturation) was reduced at
the pole roots by increasing the thickness of iron in this region. The harmonic
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analysis of the modified design indicated virtually no change in the strength of the
higher order fields which remained well below the maximum tolerable levels.
Delivery of these magnets is expected in July 1985.

The design of the kicker magnets is still under study. These magnets are needed
to displace the closed orbit of the ring about 15 mm below the horizontal plane to
the position of the injection septum. The "kicks" required are about 3 mrads. The
kickers must act in unbon allowing for a time delay due to their separation in the
ring. To preserve the vertical emittance of the beam the field amplitudes must be
accurate to 0.3% at all times. The field requirements for both kickers are shown in
Fig. V.I. The relative merits of both ferrite and air core magnets are now being
studied.

The extraction sextupoles required are relatively weak and it should be no prob-
lem to construct air core magnets for this purpose. The small sextupole strength re-
quired to initiate extraction, however, is of some concern and studies of the effects of
erroneous sextupole fields in the ring are under way to determine if the ring is too
sensitive to such fields.

B FLAT TOP (±.3%) .l-.8/i.SEC

DECAY TIME
RISE TIME

c.GUN TRIGGER
30 - 800 hz

t=

Figure V.I
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2. Simulations

Simulations of the extraction process in the PSR have been done, with varying
degrees of success, for several different extraction processes. These processes are all
variations of the "monochromatic" extraction which is driven by a pair of sextupoles
diametrically located in the PSR straight sections.

The effects of the sextupoles cancel over several turns unless the tune of the par-
ticles approach a 1/3 resonance condition. This is accomplished by having a large
chromaticity and allowing the energy of the particles to decrease either through syn-
chrotron radiation losses or by adiabatically changing the RF frequency of the PSR
cavity.

In the synchrotron mode the particles can be delayed by trapping them in the RF
bucket and spilling them at a later time by abruptly lowering the cavity voltage.
Proper voltage modulation results in a high duty factor.

The quality of the extracted beam is evaluated on the basis of duty factor (DF),
energy spread (6), emittance (6), and the impingement of particles on the extraction
septum wires. Best results show DF > 70%, 6 = 3X10~4, e = 1.3 mm-mrad and
about 2 to 3% loss of particles on the wire septum.

A typical time spectrum, energy spectrum and horizontal emittance are shown in
Fig. V.2.

3. Storage Mode Operation

T. P . Dielschneider

Some thought has gone into the advantages of running the Pulse Stretcher Ring
as a storage ring for diagnostic purposes. Under normal operating conditions, the
beam is only in the ring for approximately 3 msec. Since beam lifetimes and insta-
bility growth risetimes are generally measured in seconds or longer, operating in the
stretcher mode does not place severe constraints on the ring vacuum system.

Storing a beam would be useful during the commissioning of the ring. A continu-
ously circulating beam would provide useful information regarding magnet misalign-
ment, multipole fields, etc. Instability growth in the machine could be empirically
studied and solutions determined. The result would be a much 'cleaner' beam when
the ring is returned to pulse stretcher mode.

A storage time of 30 minutes has been set as a design goal. This should allow
enough time for diagnostics and machine physics and still place acceptable tolerances
on the vacuum system. A vacuum of 5 X10"° is adequate for a 30 minute beam life-
time.
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4. RF System

Computer simulations have demonstrated the need for an RF system in the Pulse
Stretcher Ring. The same system will allow storage of the beam for machine diag-
nostics as described above. The RF provides an easy method of controlling the par-
ticle extraction process. Simulations predict duty cycles in excess of 70% over a
wide range of energies.

The original concept for the RF system had a frequency of 714 MHz. This value
was chosen because structures at this frequency are large and would easily accommo-
date the diameter of the beam envelope in the ring. 714 MHz is the fourth sub-
harmonic of the linac frequency so synchronization between the ring and the linac
would not pose a problem.

There are some machine physics objections to 714 MHz and also that frequency
represented a new technology to the lab and would have caused some problems in
adapting to the required new equipment and test gear. A study was thus initiated to
determine if an RF structure could operate at the linac frequency of 2856 MHz and
still have an aperture large enough to accommodate the beam. Results indicate that
such a structure is feasible which has prompted the decision to switch to 2856 MHz.
This is aesthetically more pleasing and will present fewer technological problems.

The net accelerating voltage in the RF structure is the sum of the voltage pro-
duced by the driver and the reverse voltage generated by the beam passing through
the cavity. The upper limit of current in the ring will be about 500 mA. This is a
fairly large current and the reverse voltage in the structure becomes substantial.
Large amounts of RF power are needed to compensate and still provide a useful
accelerating voltage. The required voltage is 45 kV for a stored 300 MeV beam.

Optimizing the power requirements of the RF system involve overcoupling the
structure, that is, the coupling coefficient /? between the RF driver and the structure
must be greater than 1. Fig. V.3 shows the relationship between the coupling
coefficient and the required power for various values of stored current. (The calcula-
tions involved in creating this plot assumed a typical one-cell structure as a model.)
It is apparent that the RF system should have a coupling coefficient of ~ 20 which
will require about 15 kW of RF power. The choice of coupling coefficient and the
associated power requirements will ultimately depend upon the commercial availabil-
ity of suitable power transmitters.

A preliminary design of the RF structure has been completed. A single cavity
structure will be adequate for the required voltages. Table V.I summarizes the
parameters of the RF system. Values pertaining to the structure itself have been
calculated using the computer code SUPERFISH.
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TABLE V.I
RF system parameters

RF System
Frequency
Voltage
Stable phase

2856 MHz
45 kV
178.2°

Coupling coefficient ~ 20
RF power ~ 15 kwatts CW

Cavity
Q 20,000
Shunt impedance 3.8 MO
Beam aperture 4 cm

A technical memorandum summarizing the RF system and how it relates to the
extraction process is being written and a Request for Proposal for the cavity and
transmitter will be sent to potential manufacturers in the near future.

5. Instabilities

R. V. Servranckx

The growth of instabilities in the ring will ultimately place an upper limit on the
beam lifetime as well as the amount of circulating current. The following instablili-
ties have been studied and the effect on the beam determined:

— Toushek Effect,

— Laslett Tune Shifts,

— Transverse and Longitudinal Resistive Wall Instabilities,

— Transverse and Longitudinal Narrow Band Impedance Effects,

— Robinson Instability,

— Negative Mass Instability.

The instability study has stressed the need for a vacuum of 5xl0~8 in the ring.
Also, it is apparent that all studied instabilities will not be detrimental to pulse
stretcher operation with the exception of the narrow band instabilities. These prob-
lems arise in the RF system and will have to be damped by proper design.

6. Tolerances

A study of the effect of misalignments and field errors in the Pulse Stretcher Ring
has been undertaken and tolerances determined. In this study, it was assumed that
the alignment tolerances would be

— 0.100 mm in the transverse dimension,

— 1 mm in the longitudinal dimension,
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— 0.3 mrad slope tolerance,

— 1° longitudinal rotation.

The effect of these values on the ring operation was determined.

A closed orbit correction scheme involving corrections to the straight sections
only, successfully corrected the closed orbit errors to within 0.2 mm rms. After
correction, the extraction parameters were close enough to those of the ideal machine
that no first order optics adjustments would be necessary. The transverse errors
were then doubled. The correction scheme still worked, however, higher steering
angle values (2 to 3 mrad) are needed. After correction, the machine needed adjust-
ment of the first order optics.

In summary, the ring could tolerate transverse misalignments of 0.2 mm rms.
This error applies to the positioning of the magnetic centers of the components. In
the above study, no correction to the closed orbit in the curved sections was done.
A study which will include these corrections is now under way.

7. Beam Diagnostics and Commissioning

C. Rangacharyulu, C. B. Figley and M. R. Hinds

For the protection and successful operation of EROS, beam diagnostics instru-
mentation has a vital role. For the protection These chambers and their electronics
are in the design stage. They will be located at various positions, and will continu-
ously monitor the radiation levels. Abnormal increase in the radiation levels due to
missteered beam will activate a protection interlock, which will disable the gun. The
end goal is to be able to stop the subsequent beam pulse, if one beam pulse goes
astray.

Equally important is beam position and profile information, which will enable the
accelerator physicists to determine the machine parameters, /? and f/. The require-
ments are that the charge centroid of the beam should be determined to better than
0.3 mm precision and that it is desirable to locate the centroid of the beam for each
of the first three turns after the injection, separately. In our operating conditions,
for E = 100-300 MeV, the synchrotron radiation at the bends includes the visible
region. We are, therefore, contemplating using high speed SITV cameras for the
position determination. One private vendor offered to build them for us. We are,
however, looking into possible cheaper options.

There is also a need for about 20 monitors in the straight sections of the ring.
After considerable search, we still have to choose between electrostatic button moni-
tors and strip line monitors. The advantages of these types of monitors are that
they are non-intercepting, easy to build and do not occupy much space. As there are
no moving parts in them, the beam monitoring is simple. We are in the process of
assessing the relative merits with regard to position sensitivity and noise immunity,
etc.

We are about to test an X-Y profile monitor which we procured from NBS. This
monitor can provide beam profile information from both pulsed and continuous
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beams. We have available to us two SLAC RF X-Y monitors. Recent tests by Tom
Diebchnieder of our laboratory showed this type of monitor to be sensitive enough to
measure beam displacements of a fraction of a millimeter. We have also placed ord-
ers for two NIKHEF cavity monitors, which are quite sensitive and offer good posi-
tion resolution. These should be delivered in January.

In the next year we intend to devise commissioning procedures for the ring based
on the position and synchrotron light monitors discussed above. The plan is to
thread a low current beam around the ring once as if it were a beam line. Next, the
beam would be stored and allowed to damp. In this condition, the diagnostic meas-
urements would be made which will enable the system to be set up for extraction.
Later, the extracted beam current can be built up. Each of these stages requires
considerable planning to ensure that the necessary hardware and software will be on
hand when required. We expect to inject beam into the ring in the fall of 1985.

D. Extraction Beam Line

J. C. Bergstrom

The extraction line has been conceptually designed now, and unless some
unknown surprises are lurking somewhere, the design will be frozen.

Extraction from the main ring starts with a 1 meter electrostatic septum (25
kV/cm) deflecting horizontally. The beam passes off-axis through a main ring de-
focussing quadrupole (which assists by giving another deflection in the correct direc-
tion), then through a 50 cm thin-wall magnetic septum (250 gauss at 300 MeV). The
final kick occurs in a thick-wall magnetic septum (50 cm, 2.5 kgauss at 300 MeV),
which is tilted 37° about the ring axis. The beam is transported down to the plane
of the switchyard by means of a symmetric 5-quadrupole array that provides a
parallel-to-parallel transformation in y, and is achromatic in x.

The electrostatic septum is now near the top of our agenda. Thanks to the
efforts of Richard York we are less worried about this item than we were a few
months ago. A problem that needs to be tackled eventually is the extent of beam
halo generated by electron collisions with the wire septum, and how to get rid of it.

The rest of the switchyard has been profoundly affected by the "Saga of the Roof
and the Floor" in the experimental hall. We have decided that the floor will be
lowered by 2.2 meters to accommodate the new spectrometer. This means the target
position will be 2.2 m below the present beam line. Therefore, we have abandoned
our original scheme in which a 90° switchyard was to generate the required disper-
sion, to be followed by the 6-quad rotator.

In the new scheme, the beam after extraction will be deflected 90° horizontally
by a 2-dipole 3-quadrupole achromat, pass through a focussing doublet, and thence
through a parallel-to-parallel vertical chicane with a 2.2 m offset. The transfer ma-
trix of the chicane is unity in the vertical plane, with a "natural" dispersion of
-2 cm/% and zero angular dispersion. By surrounding the chicane with equal-but-

- 32 - THE PULSE STRETCHER RING



Saskatchewan Accelerator Laboratory

opposite quads, we can control the dispersion on target over an enormous range,
without affecting the beam optics. This scheme has several advantages over our pre-
vious design:

a. The focussing doublet precedes the chicane, so we do not affect the dispersion
by altering the spot focus.

b. The rotator is no longer required.

c. The extracted beam has its best emittance in the vertical plane. This now
remains in the vertical plane on target, whereas in the previous design the best
emittance would have been in the horizontal plane, compromising the overall
resolution.

The vertical chicane consists of two 45° dipole magnets and five quadrupole mag-
nets. The dipole magnets have parallel pole faces (as does every dipole in the EROS
project), corresponding to pole-face rotation angles of 22.5°.

The 90° horizontal achromat mentioned above will contain a beam position moni-
tor of the SLAC type at the 45° point where the dispersion is large. This will allow
us to monitor the extracted-beam centroid-energy on a pulse-by-pulse basis.
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VI. THE SPECTROMETER AND BEAM DUMP

A. The Spectrometer

R. E. Pywell

1. Introduction

In the last annual report two spectrometer designs were presented as possible
candidates for the spectrometer for the upgrading of this facility. Since that time
the spectrometer design has undergone many modifications. These were forced by
the desire for the new spectrometer to fit into the existing experimental hall. None
of the designs considered that met our performance requirements could be accommo-
dated in the experimental hall without compromising space for the detector system,
shielding, and convenience of access.

Eventually it was decided that no compromise on spectrometer performance
should be made. Therefore, in order to allow enough room for a detector system and
adequate shielding, the experimental hall must be enlarged, at least in the vertical
direction. When it became clear that it was financially impossible to build a new
hall or raise the roof we opted for lowering the floor as described in Section VI.A.4.
With the height restraint released, a new spectrometer was designed that will meet
our performance requirements and also fit into the existing experimental hall.

2. Spectrometer Requirements

Our requirements are for a spectrometer that must be both a good instrument for
nuclear structure investigations by means of elastic and inelastic electron scattering
and an effective instrument for at least one arm of coincidence experiments of
different kinds.

The requirements for an electron spectrometer for single arm measurements are:

• high resolution ( ~ 1 X 10"4)

• large dispersion (in order not to put unreasonable demands on the position resolu-
tion of the focal plane detector)

• good angular resolution (to compensate for the kinematic broadening in light ele-
ments)

• the ability to reach large angles ( ~ 160° in order to facilitate the separation
between the longitudinal and transverse parts of the nuclear form factors).

The requirements on the solid angle and dynamic range are less important in this
case.

The requirements for a good coincidence spectrometer are:

• good resolution (especially for measurements where the daughter nucleus is left in
a bound state)
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• large solid angle

• large dynamic range.

The requirements on the angular resolution and the ability to reach large scattering
angles are now relaxed (or replaced by the need to reach small angles).

It is clear that we must make a compromise. A reasonable compromise is O =
20-25 msr and a dynamic range of 10%. The basic layout we chose was a QDD
(Quadrupole-Dipole-Dipole) configuration with a 120° total bend angle (two 60°
dipoles). Some parameters for this design are summarized below:
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3. Parameters for the QDD design

Bend radius
Momentum acceptance
Solid angle acceptance
Angular acceptance

Dispersion
Magnification

First order optics:
Radial plane
Axial plane

Maximum momentum

Quadrupole

Effective length
Radius
Maximum field at radius

Approximate weight

First Dipole

Total angle of bend
Entrance shim angle
Exit shim angle
Gap
Magnetic field at Ee = 300 MeV
Weight, iron
Weight, copper

Second Dipole

Total angle of bend
Entrance shim angle
Exit shim angle
Gap
Magnetic field at Ee = 300 MeV
Weight, iron
Weight, copper

p = 0.8 m
Ap/p = ± 5%
fi = 22.4 msr
<j)Q = ± 80 mrad
0O = ± SO mrad
<x | 5> = 3.58 cm/%
< x j x > = -0.491
— D/M = -7.26 cm/%

Point-to-point < x | 9> — 0
Parallel-to-point < y j y > = 0
with intermediate cross over
400 MeV/c at 16.67 kG

40 cm
10 cm
8.00 kG
(for 16.67 kG in dipoies)
2 tons

60°
-14.1°

32.81°
10 cm
12.5 kG
21.6 tons
0.88 tons

60°
32.81°
0°
10 cm
12.5 kG
33.8 tons
1.00 tons
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4. Installation Problems

This spectrometer met all our requirements except the height constraint in the
existing experimental hall. Apart from this problem, a major concern was whether
the load bearing capacity of the floor of the existing experimental hall was sufficient
to take the weight of any spectrometer.

The engineering consulting firm of Underwood McLellan Ltd. was contracted to
make some tests on the existing floor to determine its load bearing capacity. They
found that below the ~ 35 cm floor slab is a void of ~ 15 cm that had been par-
tially filled with grout to improve the floor loading capacity but this had been unsuc-
cessful. Below this void is £ good base of clay. Due to the void they concluded that
the floor was not suitable for supporting the weight of any spectrometer. They made
the following recommendations.

— That the existing floor slab be removed.

— Since the soil surface has been softened by the presence of water, at least the top
15 cm be removed.

— An adequately designed floor slab may then be installed. This may be designed
using an allowable bearing pressure of 410 kPa. (This is quite adequate for the
expected weight of even two spectrometers.)

— The existing wall of the experimental hall may need support from lateral move-
ment after removal of the floor.

It turns out that lowering the floor is economically feasible. Since the floor must
be cut out and the top layer of soil removed, the equipment to do this will be in the
experimental hall anyway, so digging deeper will not cost much more. Also, support
for the experimental hall wall must be provided against lateral movement regardless
of the depth dug. The only additional problems are that long term support must be
provided for the wall, and that the depth of the hole required will be below the
water table and therefore a weeping tile drainage system with sump pumps must be
provided. All things considered, the incremental cost of lowering the floor, over sim-
ply installing a new floor, is not great. We had rejected this simple solution previ-
ously out of concerns about the water table which the engineers said were unwar-
ranted.

One possible configuration for the spectrometer installation, including supports,
detectors and shielding, is shown in Fig. VI. 1. Also shown is a schematic of a
modified version of the existing 110° spectrometer that may be used in the interim
as a second arm for coincidence experiments.
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Lowering the floor by approximately 2 metres has several advantages. The pro-
posed design allows enough room for proper shielding to be placed over the detector
array without compromising the space available for detectors. With the spectrome-
ter sunk into the floor the beam must undergo a vertical bend down in order to be
brought from the height of the beam handling system to that of the spectrometer.
As described previously, this is now used to generate the dispersion on target elim-
inating the need for a rotator. However another merit of this change of level is that
it facilitates the possibility of building a vertical chicane for out-of-plane measure-
ments. This will now require less magnets as an initial bend up is not necessary.

With this solution to the height problem in mind we then turned to considering
the problems of actually installing the magnets in the experimental hall. Since the
roof of the experimental hall is now not going to be removed, the spectrometer can-
not be installed by that route as originally planned. The spectrometer must be built
in pieces and brought into the experimental hall through the existing shielding door
between the hall and the old photoneutron area. The two dipoles must be split for
installation and there must be room for vacuum flanges between them. With the
current design the space available was not adequate. Thus some modifications to the
original 120° design were required in order to increase the Dl to D2 distance and to
ensure that each piece is small enough to fit through the door into the experimental
hall.

A solution to these problems exists, with a QDD spectrometer having a 130° total
bend angle and optical properties similar to the 120° design summarized above. This
design is at present undergoing final optimization. It is anticipated that requests for
bids on this spectrometer will be sent out before the end of the year.

B. The Beam Dump

H. S. Caplan

There are two very different aspects to the beam dump problem. The first is the
actual location for the dump which is part of the construction required for the instal-
lation of the spectrometer. Present plans are to dig a tunnel under the south wall of
the hall to minimize the background from the dump.

The second question b the design of the dump system itself. We plan to follow
NIKHEF and use a pair of large aperture quadrupoles on a moveable gantry to focus
the beam diverging from the target onto the Faraday cup. Although we have done
considerable design study on a 50 kW cup using the EGS code, we do not plan to
build such a device in the near future. Instead we have refurbished a 30 kW cup
with a water to air heat exchanger. This old cup has been tested in the beam and
should suffice for several years.
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VH. COMPUTER AND CONTROL SYSTEMS

D. Murray

A. Computer Systems

The laboratory has seen some important changes since the major installation
grant of 1983, and this year the computing equipment has been upgraded to keep
pace with the work. Our proposal for a VAX-11/785 computer system was partially
funded, allowing us to buy a small but expandable system. Software personnel have
been hired to handle the increased workload, both in scientific computing and in con-
trol system software.

This chapter will start with a description of the new computing facilities, and
briefly mention how the system handles the needs of the laboratory. The second
part describes our design of the EROS control system. The third part of the chapter
will describe, in general terms, the philosophy and layout of computing in the labora-
tory, and how each component fits in to the complete picture.

1. Personnel

Two programmer analysts started work at the lab before the VAX was installed,
making it much easier for the users to handle the transition to the new computer.
Sharon Koenderink, having experience at Northern Telecom in Saskatoon, started in
April of this year. Tony Wilson, a research assistant in the Computational Science
Department of this campus, started at the lab in May. Both have an education in
Computer Science, and have experience with the type of hardware and software that
we are using.

2. The VAX Computer

A VAX system was purchased early this year and arrived in late July. The tran-
sition to using the new facility was extremely easy for the users, since the VAX uses
UNIX software similar to that on the old PDP-11/55 computer. Users simply
started up one day with a considerably faster machine.

After some initial user problems with system details, there was a major problem
with the disk drive. Unfortunately, we had only the funds to buy a single drive with
the initial system. After a series of crashes of increasing frequency the system was
down for a weekend while the service people installed a completely new disk drive.

3. Configuration

The VAX presents a significant improvement over the PDP-11. We were able to
take advantage of a promotion by Digital Equipment of Canada, and purchase a new
VAX-11/785, which is 50 to 70 percent faster than the 780 model. This involved the
purchase of a VAX-11/780 and a subsequent field upgrade to the 785. This gave us a
larger computer immediately and proved to be considerably cheaper than simply
buying the 785 model outright. The field upgrade should arrive early in the new
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year.

The initial system included the following items:

VAX-11/780 CPU
2Mb (Million bytes) Memory
456Mb Disk Drive
1600 BPI (bytes per inch) Tape Drive

Because of our history of having limited disk space available, users are using less
than half of the disk unit, even with system sources and documentation on line.
This fact relieved our concern for inadequate tape backup facilities.

A more pressing matter is that of main memory. Certain programs cause quite
heavy paging activity due to our shortage of main memory. Indications are that the
system would handle such large programs much better if the size of this memory
were at least doubled. Changes are also being made to the format of data on the
disk, to take into account the high speed of the disk interface, and even the speed of
the disk rotation.

4. Software

Most of the software that was being used on other computers has been moved
over to our system, with some change to source code involved. While the Fortran-77
language is standardized to some extent, there are always some system dependent
constructs which require modification. Other less used programs will be moved as
they are required.

Speed of execution is posing a large problem. Some large Fortran" programs take
twice as long to execute on our VAX, as they do on other local VAXes. As men-
tioned before, increasing the size of the main memory will help this situation, but
the UNK Fortran compiler is clearly lagging behind the VMS compiler. Although
giving better code checking, the optimizing portion of the compiler is unusable at the
present time. A solution to this problem must be found in the near future in order
to run efficiently the large imported programs we need.

The data analysb software which was built on the PDP-11 is directly compatible
with the system, as is the format of the research data itself. The data acquisition
system and on-line analysis software will not be ported to the VAX, since this VAX
will not have a direct CAMAC connection.

All of the remaining software from the old system was simply moved onto the
VAX and reinstalled without change. Users are also taking advantage of the variety
of new software available for general computing. There are new tools for software
development which will aid in building parts of the specialized control and data
acquisition systems needed for EROS. Enhanced graphics software and software to
aid in report writing are also being used.

Because of the recent change to the new system, no graphs representing computer
usage have been included in this report. After our initial disk problems, the system
ran without any type of error for almost fifty consecutive days, which was very
encouraging to the those who previously used the PDP-11. Only recently, when four
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or five versions of large Fortran programs are being run simultaneously, does one
notice a slight decrease in responsiveness. As users realize the increased potential of
this system, the load will undoubtedly become greater. A reasonable expansion in
memory, disk and tape capacity is planned for the coming year.

5. Data Acquisition

In the long term experiments will have independent, dedicated microcomputers
and CAMAC equipment. In the meantime, versions of the on-line analysis and
acquisition software remain on the PDP-11. To gain experience we will be using a
MICRO PDP-11 computer for some low counting rate pion experiments at the end of
this year, and will compare this system with the older PDP-11 system, with an eye
towards acquisition rates, reliability and ease of user interaction. Although the older
PDP-11 is clearly a faster machine, it is running other applications, and has an older,
very cumbersome CAMAC interface. The CAMAC interface on the single-user com-
puter is much easier to work with and will allow a more flexible user interface to the
hardware.

Another micro dedicated to the wire chamber system will be tested next year
when the beam is available.

B. EROS Control System

The successful testing and operation of the pulse stretcher ring and its ancillary
equipment can only be attained with a good instrumentation and control system.
This system is complicated in its own right and its relation to the rest of the com-
puter system is shown in Fig. VII. 1, and will be discussed in detail below.

1. System Philosophy

The control system will interface the user to EROS through several distinct but
transparent layers. The most remote layer from the user is made up of the
hardware, which is based on CAMAC, and described below. The layer which is
closest to the user is made up of several graphics screens with touch sensitive panels,
and a variety of input devices. The layers between these two extremes are built
mostly out of software, and present the most complex aspect of the system.

Initially, the system will be viewed as a multiplexor. There will be a minimal
amount of closed loop control at the outset. The system will simply allow several
inputs (knobs, dials, etc.) to be connected to several outputs (power supplies, motors,
etc.).

It will be a very flexible multiplexor, allowing an input to be attached to any rea-
sonable combination of outputs in any reasonable proportion. Furthermore, an input
may well be a reading from some type of monitor, and the output be a display
screen or printer. Software itself may be a reasonable output, allowing the user to
adjust some dial, and let simulation software describe the probable effects of his or
her action.

- 4 2 - COMPUTER AND CONTROL SYSTEMS



Saskatchewan Accelerator Laboratory

VAX-II jlB%

CAM AC

CAtAAC

VAX. -\\\ 1^

SERIAL HIGM\0AY
bklVEK

EROS

A

CAKAAC CAMAC

DATA

OPHRATOK

PROTECT 1010

C A K A A C

CAfAAC

MICRO

P b P - I I

pROGRAKMAAfeLE

COIOTROLLE-K^

PROTLCTIOW
- SVSTttA

Figure VTI.l

COMPUTER AND CONTROL SYSTEMS - 4 3 -



Saskatchewan Accelerator L'tcratory

2. Hardware Layout

The hardware layer will be based on CAMAC for the most part, using the
CAMAC serial highway concept. This allows distributed control of equipment, with
microprocessors and CAMAC modules placed in a loop. Diagnostic and test instru-
ments, based on the IEEE-488 bus or RS-232 standards, will also exist.

Conceptually, the hardware will be in a hierarchy, with device controllers and
intelligent modules at the bottom. Microprocessors may exist at the next highest
level, to monitor and record the actions of the device controllers, or to respond to
critical real-time requirements. A larger computer, a VAX-11/750, will sit at the top
of the system, acting as arbitrator and manager of the multiplexing actions that
were mentioned above.

3. Software Layout

The layers of software which are furthest away from the user are the device
handler and database layers, which know the details of all equipment and equipment
groups, The software layer which is closest to the user will rely on all of the layers
below it to keep the user's view of the system up to date. It will therefore be easier
to change and adapt it to the user's wishes, even on an individual basis, since all of
the details of the "multiplexing" are done at lower levels.

Closed loop control can be added to the system after experience is gained with
the machine's behavior. Such con-trol software need merely call on the intelligence of
the layers below it, to make decisions. The complexity of closed loop actions is
therefore confined to single processes on a computer; processes which can "think" on
a high level and not be concerned with details of the equipment.

The software for all layers in the system will be done in "C", a systems program-
ming language. Access may be made available to FORTRAN, PASCAL and other
languages.

4. Console Layout

Several graphics screens will eventually exist in the console, to present the scien-
tist with a map of the facility. This basic up-to-date picture of EROS can be aug-
mented with symbols and numbers, at the touch of a button, to give the required
snapshot of the system.

The user can zoom in on a particular section of EROS, to perform a particular
task. By simply touching some elements on the screen, and pressing the input device
that he desires, the user can move the input device to change the equipment settings.
Such settings are displayed and will change immediately to reflect both the user's
wishes and the actual value, in appropriate units. Furthermore, by touching some
elements on the screen, and selecting an output device, the user can get values from
the equipment displayed or printed. Two of these control stations will exist for
simultaneous control of different equipment.

Measurements can be displayed in a variety of styles on the graphics screens. An
actual digital value may be displayed and continuously updated, or a "meter" drawn
to show the measurement and how it changes. Bar graphs can be .displayed, and
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recent histories or trends in some part of the machine may be drawn.

5. Real-time Response

Two different real-time requirements are placed on the system. The first and
most time-critical is the protection, or interlock mechanism. The second is the
response needed to ensure that the user's picture of the system is recent and accu-
rate.

a. Protection mechanisms

The protection aspect of the control system ensures that all equipment being
used in the facility at any time is running within predetermined limits, and in a
predetermined state. When some component changes into an unacceptable state,
EROS is disabled, usually before the next burst of electrons is injected. Such
response must occur in less than two milliseconds.

The user views this protection mechanism as a response by the control system
itself. A description of the problems are presented to the user on a screen in the
control room, and on a map to provide a quick idea of where the problem was found.
The user may interpret this action as a response to something that he has done him-
self.

Actually, a microprocessor in the hardware layer of the control system is respon-
sible for this real-time reaction, and for nothing else. Several hundred inputs can
affect the processor, each causing immediate action. The mechanism is interrupt
driven, so that polling of devices, one at a time, is not necessary.

The computers and important crates in the system will also cause immediate
response, should one of them fail. A series of programmable controllers gives redun-
dancy to the critical interlocks.

b. Response to Requests

The second real-time requirement of the control system ensures that the user's
view of the system is recent and accurate.

Although the user sees the system as a single control panel attached to EROS,
there are several computers doing the work. As mentioned, the VAX-11/750 com-
puter is managing the flow of user requests, and co-ordinating the equipment below
it. A less powerful computer will manage the presentation of information and
interaction with the user, a task which could keep the VAX from responding quickly
to requests.

Among other things, the VAX will find out which input devices the user has
designated, which equipment is affected, and how to access it. It will also continu-
ously monitor these inputs, and keep the equipment tracking the user's requests, as
long as they are within a preset range. Finally, it will give immediate feedback to
the user.

These tasks will have the highest priority on the VAX, second only to the display
of problem reports from the protection mechanism. Such response is typically
between sixteen and two-hundred milliseconds, which are reasonable human response
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intervals. Display of regularly monitored values, or values which the user specifically
requests, will occur roughly every second, or as fast as the "display" computer
accesses the appropriate values on the VAX.

6. Current Status

A MICRO PDP-11 has been used to emulate the proposed VAX 750 and has
helped in CAMAC testing and software development.

Most of the design is completed, and some hardware for the system has been
ordered. The VAX-11/750 computer will arrive late in 1984, and most of the
CAMAC serial highway equipment is expected at that time.

Design and preliminary documentation of software is underway, and several
layers of the software should be operational by early 1985.

The protection aspect of the system will be implemented as new equipment is
added to EROS. The basic mechanism will exist by late 1984.

Design of control panel details is still underway.

C. Computer Communication

We have clearly taken on the philosophy of distributed computer systems in the
laboratory. Capability must soon exist for the various computers within the lab to
communicate effectively.

Movement of data to and from the control system for privileged users is impor-
tant. Experimenters and technicians will want to remotely check the state of the
equipment, and the control system may feed parameters to simulation software on
the VAX-11/785 computer for analysis. A data acquisition computer may need
access to various vacuum or magnet settings from the control system. An experi-
menter may want to check on the progress of an experiment remotely, through the
central VAX system. The facility for transferral of experimental or test data into
the central VAX for analysis must exist.

The facility for truly sharing data might be an asset, in case one of the processors
fails. The control system should have the capability to run with another processor
as the arbitration unit, as should a data acquisition computer. With compatible
software on each of the computers, a compatible bus connection between all of them
is important. The VAX-11/785 and the VAX-11/750 will both accept UNIBUS
interfaces, for instance.

Currently, slow communication (9600 baud) is achieved by using terminal ports
between the systems. Faster parallel or local area network interfaces must be con-
sidered. Ethernet, which is based on high speed coaxial media, is a solution already
supported by the software. Some manufacturers are marketing disk controllers
which allow several processors access to a common disk, complete with supporting
software. Another method involves short parallel cables running between any two
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communicating computers, which is a less attractive solution.

It is estimated that some higher speed interface between computers will be
needed by the end of 1985.
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VIU. THE TAGGER AND VERTICAL CHICANE

A. The Tagger Proposal and Status

J. Asai, H. S. Cap Ian and D. M. Skopik et al.

The addition of a tagging system to the EROS ring would bring a unique oppor-
tunity to probe the nucleus with a monoenergetic, continuous 7-ray beam in the
energy range from fa 20 to 270 MeV. The usefulness of this system is that:

a. It eliminates the uncertainty associated with unfolding the bremsstrahlung spec-
trum from the measured cross section which has been the bane of photonuclear
physics in the past.

b. At the higher energies, it provides information about the momentum distribu-
tion of a nucleon inside the nucleus.

c. It would be possible to tag linearly polarized off-axis bremsstrahlung, which
would provide a powerful tool for assigning the parity of excited nuclear states
or for studying the decay amplitudes by measuring the analyzing power.

The most crucial part of the tagging system is the magnetic spectrometer that
measures the energy of the post-bremsstrahlung electrons (denoted by Er), thereby
fixing the energy E7 of the photon by E7 = Eo - Er, where Eo is the incident electron
energy. To achieve a high tagging probability, the spectrometer should subtend a
half angle of order 2&IC, where

a - H O L E I
rc ~ E E •a
rc ~ E Er

Since the ratio E7/E r varies by two orders of magnitude as E7 changes from 0.1 Eo

to 0.9 Eo, a large angular acceptance is essential for the design of the spectrometer.
A number of tagging spectrometer studies have been considered but our choice is the
so-called "clam shell" design, which is shown in Fig. VIII.l. The tagger would be
housed in a small experimental hall near the end of the beam handling system as
shown in Fig. VIII. 2. This room was used for photoneutron experiments in the past
and although not very large should be adequate for our immediate needs.

A collaboration with W. del Bianco (Universite' de Montreal), K. I. Blomqvist
(Massachusetts Institute of Technology) and J. W. Jury (Trent University) has
resulted in a proposal for the construction of a tagged photon beam facility. This
proposal was submitted recently to the Natural Sciences and Engineering Research
Council and we expect an answer in the spring of 1985.
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Figure Vffl.l
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B. The Vertical Chicane

J. Asa;

Although it has not yet reached the stage of a formal proposal, we have been
considering a vertical chicane in the main experimental hall to deflect the beam
before it passes through the spectrometer target. This chicane should not be con-
fused with the recently introduced vertical chicane which produces the energy disper-
sion on target.

The fivefold coincidence cross section for A(e,e'x)B reactions is generally
expressed as the sum of the four structure functions. It has been shown1' that in
order to determine these structure functions unambiguously, it is necessary to per-
form measurements of X out of the electron scattering plane. In practice it may be
quite difficult to lift the X-spectrometer to look at the out-of-plane particles. In our
case, space restrictions prohibit any attempt to do so.

We have investigated an alternative method in which the two existing spectrome-
ters are left untouched in a horizontal plane but the electrons are injected with
angles (0^,<f>^) relative to the present beam line (z-axis) and the scattering plane (x-z
plane) as is shown in Fig. VIII.3. Also indicated in the figure are the momentum of
the incident electron, k, scattered electron, k' and the detected reaction product, "q*.
If 0k is chosen to be 90°, then the incident electrons are confined to the plane per-
pendicular to the scattering plane, and we refer to this as "the vertical chicane
beam".

With this beam arrangement we have studied the kinematically favourable range
for determination of the structure functions. The system looks quite attractive and
details of the kinematics will be presented in a SAL report.

References

[1] T. de Forest, Jr., Ann. Phys. 45 365 (1967)
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Figure VHI.3
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EX. SCIENTIFIC RESEARCH

A. Nuclear Science Research

H. S. Caplan, J. C. Bergstrom, D. M. Skopik and C. Rangacharyulu

The local nuclear science program has been dormant during the past year. Late
in 1983 we installed and tested our new pion and other hadron semiconductor detec-
tor system. The system performed well but had to be mothballed when the contrac-
tors for the building modification appeared. We hoped to start again in June 1984
but this proved impossible as has been explained earlier. It was also impossible to
make further tests on the new wire chamber system we developed in 1983.

We sincerely hope that there will be some "windows" in the coming year when
we can run experiments. To be realistic we propose only three experiments:

• Charged pion production from the deuteron,

• Electroproduction of TT+ from 3He, 3He(e,3H)7r+,e'

• E5 transitions in even Zr isotopes using electron scattering.

The first two will use the semiconductor detection system while the third will be
used in commissioning the wire chambers.

B. Radiation Chemistry Research

1. Research with the Puke Radiolysis Facility

B. G. Eatock, A. C. Maliyackel, N. J. Njapba, W. L. Waltz, C. Wett and R. J.
Woods

Owing to extensive modifications to the low energy room where the pulse
radiolysis facility is located, no scientific experiments were carried out using this
facility during this reporting period. However, a number of things have been done to
improve and expand upon this facility and the programs associated with its use. A
new data acquisition system is being put together, supported in part by an NSERC
equipment grant awarded by the Chemistry Grants Selection Committee. Apparatus
has been assembled to expand on our use of conductivity detection to study transi-
tory chemical species. This system is based on a D.C. method, and this will allow us
to extend our time scale to the sub-microsecond domain. We now have available a
large dynamic time range from seconds to microseconds using our A.C. method, and
then to submicroseconds with the D.C. method. It is planned to test these new facil-
ities under experimental conditions in the very near future.

Some pulse radiolysis experiments on the reactions of platinum complex ions and
of metal bipyridyl systems were performed by W. L. Waltz during a six week visit at
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the Hahn-Meitner Institut fur Kernforschung in West Berlin. Complementary
theoretical investigations using ab initio SCF MO and X-alpha methods on these sys-
tems have been performed both here in Saskatoon and in collaboration with a
research group (A. Goursot and coworkers) from Mulhouse, France.

C. Theoretical Research

1. Trinucleon Properties

E. L. Tomusiak, M. Kimura and Los Alamos Group

The distribution of magnetism in a nucleus can be described by a magnetic dipole
density

Pma6(r) = } / dn?

The magnetic form factor is then given by

i qr
f i—0 i qr

where p(Q) is the static magnetic dipole moment. Contributions to the current den-
sity !(l) a r e divided into impulse approximation plus exchange current parts. Lead-
ing exchange current contributions are referred to as the pair term, the N* term, and
the true-pion term. We have calculated the individual contributions of these effects
to /3mag for 3He and 3H. The trinucleon wave functions are obtained by numerically
solving the Faddeev equations with the Reid Soft Core potential. Typical results
with finite size effects folded in are shown in Fig. DCl. One should note that
exchange effects are of the same order as impulse current effects. Results for the
magnetic moments are listed below.

3He 3H
Impulse
Pair
Isobar
True exchange
Total

-1.74 n.m.
-0.33
-0.13

+0.082*
-2.13

2.55 n.m.
0.33
0.13

-0.082
2.94

* Computed with A = 1.2 GeV.
If A = 2.4 GeV this result changes to 0.072.

This work on magnetic properties of the trinucleons is now being completed with
a survey of results obtained with other two body potential models.
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2. A Study of the D(e,e'^±) Experiment

E. L. Tomusiak and J. P . McT&vish

The cross section for the coincidence (e^'if*1) reaction on deuterium is six-fold
differential, i.e., it requires the specification of six kinematical variables. These are
in effect the outgoing electron momentum, k', and the outgoing pion momentum, <j.
Thus there are an enormous variety of geometrical arrangements required to map the
cross section completely in terms of these variables. This fact coupled with the low
cross sections of these coincidence reactions makes it useful to look to theory for gui-
dance in the choice of the experimental parameters.

We have limited our study to the case where ]c, Jc', and <j are coplanar. Even
here the cross section has transverse, longitudinal and interference parts. However if
the pions are detected in a direction colinear with the momentum transfer a substan-
tial simplification occurs. In this case the axial current has the form

4 = k-k'

where A and B are form factors relating to electroproduction from single nucleons.
Also, for this geometry, the cross section contains only longitudinal and transverse
terms which are, in principle, separable by a Rosenbluth type plot. These axial form
factors measure the tensor

< * k | Ot | D>* < * L | Oj \D>
spins

where

The longitudinal form factor, for example, is proportional to AM'A- Figure DC.2
shows a slice of this form factor using a simple model. Further work is under way to
ascertain the model dependence of these quantities.
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3. Pion Decay of Baryons

M. A. Preston et al.

M. A. Preston and A. K. Dutta have completed and published a study of pion
decay widths of certain baryons as a test of the applicability of a simple non-
relativistic quark model. This study arose from the desire to use this model to esti-
mate N-N* forces in order to examine the N* components of light nuclei such as 5Li
or 6Li. Considerable progress has been made on this latter problem also.

4. Collective Properties of Quark Systems

M. A. Preston has been studying the collective properties of the quark system. A
paper on the compressibility of the nucleon has been published with co-authors R. K.
Bhaduri and J. Dey of McMaster University. Calculations are under way examining
various aspects of vibrational and rotational degrees of freedom of 3-quark states,
and thus of the N- and A-particle spectrum. These calculations are based on models
that involve a confining field and a chiral pion field in interaction with the quarks.

D. NATO Advanced Study Institute

E. L. Tomusiak, M. A. Preston and H. S. Caplan

During the past year we have been planning a NATO, ASI on "New Vistas in
Electro-Nuclear Physics" to be held in Banff, Alberta from 22nd August to 4th Sep-
tember 1985. The proposed program is shown on one of our circulars which is
included in this report as Fig. K.3. Two of us visited the site in October and were
very favourably impressed with the facilities.

We have succeeded in obtaining funding from NATO, AECL, TRIUMF and the
University of Saskatchewan and have applied for support from NSERC. We hope
that some of the participants will stop off in Saskatoon to see the equipment we
expect to have in place at that time.
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NATO ADVANCED STUDY INSTITUTE

NEW VISTAS IN ELECTRO-NUCLEAR PHYSICS

August 22 - September 4, 1085

Banff School of Fine Arts,
Banff, Alberta, Canada

PROGRAM WILL INCLUDE:

Subnudear Degrees of Freedom in Photoabsorption and Scattering H. Arenhovel [Mainz)
Electron Scattering »t Several GeV R. G. Arnold (American)
Speclroscopy of tbe Nucteon-Delta States aod the Quark Model /?. K. Bhaduri (McMattcr)
Quark Effects is Nuclei C. E. Carlson (William and Mary)
Physics of (e.e'p) and (e.e'x) Experiment* P. K. A. de Will Hubert, (N1KUEF)
Considerations of Polarization in Electron Scattering from Nuclei T. W. Donnelly (MIT)
The Three-Body Problem J. L. Friar (Lot Alamoi)
Pboto- aod Electroproduction of Mesons J. Kl. Legit (Saday)
Dynamical Equations for Bound State and Scattering Problems J. A. Tjon (Utrecht)
Electroweak Interactions with Nuclei / D. Walccka (Stanford)
The Relativbtic Nuclear Many-Body Problem /. D. Walccka (Stanford)
Physics with Medium Energy C\V Electron Machines C. E. Walker (Ind:ana)
QCD, Scaling, and Nuclear Structure G. B. Wett (Lot Alamoi)
Photon Scattering and Absorption B. Ziccler (Max-Planck)

Local Organizing Committee
E. L. Tomusiak, M. A. Preston, H. S. Caplan

Cost of accommodation (including meals) is $64 (siDgle), $52 (shared) per person per day. Financial
support may be available to some participants.

For further information, contact the Director:
Prof. E. L. Tomusiak,

Department of Physics, University of Saskatchewan,
Saskatoon, Sask., Canada S7N 01V0. Phone (306>966-6407

Deadline for applications: 30 April, 1985

SPONSORED BY THE THEORETICAL PHYSICS DIVISION,
CANADIAN ASSOCIATION OF PHYSICISTS

SUPPORTED BY
NATO

NATURAL SCIENCES AND ENGINEERING RESEARCH COUNCIL (NSERC)
ATOMIC ENERGY OF CANADA LTD.
UNIVERSITY OF SASKATCHEWAN

TRIUMF
SASKATCHEWAN ACCELERATOR LABORATORY

International Advisory Committee

B. Bosco G. E. Brown D. Drechsel
B. Gibson B. Goulard J. H. Koch
J. M. Laget J. S. O'Connell A. Richler
P. U. Sauer Sir D. Wilkinson R. Woloshyn

Figure EX.3
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E. Research Performed at Other Laboratories

1. 3He(e,e';r+)3H

J. C. Bergatrom et al.

A detailed feasibility study of the coincidence reaction 3He(e,e'7r+)3H was per-
formed last year and was presented at the Third Amsterdam Miniconference. There
are a variety of kinematical situations at the experimentalist's disposal in this reac-
tion, each of which emphasizes different aspects of the reaction mechanism. For
example, by choosing the direction of the pion to lie parallel to the virtual photon,
one emphasizes the influence of the pion form factor, certainly an interesting quan-
tity in itself. For other kinematical choices, one can emphasize the resonant, or
A(1232), contribution. This is of particular interest for investigating A-propagation
in nuclei.

This experiment was considered for the NIKHEF facility, but the major unknown
factor was the chance-rate caused by unwanted proton triggers. Therefore, it was
proposed to do a test in a parasitic mode during one of the 3He(e,e'p) runs, using the
liquid 3He target. Unfortunately, the target ruptured causing a delay in the pro-
gram.

The range one can span on the significant kinematical parameters is strongly con-
strained by the maximum accelerator energy, and a minimum beam energy of 450
MeV is required. In view of the difficulty in achieving this minimum, we are giving
some thought to changing the venue to the Bates accelerator, where we could take
advantage of the significantly higher energies (700 MeV). The kinematic window
opens rapidly at these higher energies, requiring a complete review of the cross sec-
tions, counting rates, chance rates and background. This is being done now, with
the major effort of the work load shifted to the University of Virginia group. If it
looks promising, a submission will be made to the PAC at Bates.

2. H(e,e') elastic scattering at low values of momentum transfer

D. M. Skopik et al.

The Lamb shift between the 2s | - 2p l levels in hydrogen still poses a challenge
J 7

to both experimentalists and theorists. There are as yet uncalculated contributions
to the energies, the size of which are 10-20 keV, and a major discrepancy in calculat-
ing the electron's self-energy term of 46 ± 10 keV exists.1)

In addition to the purely computational uncertainty, the level shift due to the
finite size of the proton depends upon the experimental value of the mean square
radius. The latest reported value of the rms radius is 0.862 ± 0.013 fm 2) which is
approximately five standard deviations away from the previously accepted value of
0.805 ± 0.011 fm.3'

If the latter value of < r 2 > 2 is used, the Lamb shift is calculated to be 1057.865
(13) MHz, while the former gives 1057.884 (13) MHz. The most recent experimental
value is 1057.871 (3) MHz,4) which implies that the new value of the rms radius is in
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serious disagreement with this Lamb shift measurement.

In view of this, an accurate low q experiment (the total error is on the sub per-
cent level) has been started at the National Bureau of Standards in Washington,
D.C. Several q values for q < 1.0 fm"1 have been taken and the data are presently
being analyzed. Matching back angle q values are also being measured in order to
remove the magnetic contribution to the cross section at the forward angle.

References

[1] P. J. Mohr, Phys. Rev. Lett. 34 1050 (1975); and G. W. Erickson, Phys. Rev.
Lett. 27 780 (1971)

[2] G. G. Simon et al., Nucl. Phys. A333 381 (1980)

[3] L. N. Hand, D. G. Miller and R. Wilson, Rev. Mod. Phys. 35 335 (1963)

[4] Yu. L. Soholev and V. P. Yakoveev, Sov. Phys. JETP, 56 7 (1982)

3. 3H(e,e') charge and magnetic form factors

D. M. SIcopik, H. S. Caplan, G. A. Retzlaff et al.

In an ongoing collaboration with the Bates accelerator laboratory we are continu-
ing the measurement of the magnetic and charge form factors of tritium. One of us,
G. A. Retzlaff has been at Bates full time since July 1984 working on the experi-
ment.

The preliminary test of the gas handling system and trial runs should be com-
pleted in December 1984. The runs with a tritium cell are expected to be finished in
the spring of 1985. The present experiment will extend the results that have just
been published which were derived from data taken at Bates using a solid tritiated
titanium target at square momentum transfers between 0.048 and 2.96 fm~2. The
charge and magnetic form factors are shown as solid circle in Figs. DC 4 and IX.5.
The curves correspond to the most recent form factor calculations of E. Hadjimichael
et al.1) and J. L. Friar.2)

References

[1] E. Hadjimichael, B. Goulard and R. Bornais, Phys. Rev. C27 831 (1983)

[2] J. L. Friar, Ann. Phys. 104 380 (1977)
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Figure DC.5
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4. Radiative decays of unbound levels in 14N

C. Rangacharyulu and the group of C. St-Pierre of Laval University

As mentioned in last year's annual report, this experiment was initiated to
resolve the discrepancy between the old (p,7) results and the more recent (e.e1) data
for the ground state radiative width of the 10.43 MeV level. Our experimental
results are in agreement with the (e,e') data. However, the old (p,7) results have
also been used as normalization standard for the radiative widths of some other lev-
els in 14N. Thus, it was considered worthwhile to reinvestigate the Ex (MeV) =
10.1, 9.7, 9.51 and 8.91 levels under the same experimental conditions. The results
are summarized in Table BC.1. For the two T = 1 levels, SU(3) based shell model
calculations of Kozub et al.1) are found to explain the experimental data well.

For the 10.43 MeV level, the available model calculations overestimate the
ground state transition strength'by about a factor of two. As these calculations
employ extensive configuration spaces, we attempted a simple phenomenological
model based on deuteron configurations weakly coupled to the excited core of 12C.
We describe the ground state, 2.31, 9.17 and 10.43 MeV levels of 14N as the deuteron
states coupled to the g.s., 4.43, and 15.1 MeV levels of 12C. The transition strengths
of 14N can be simply evaluated in terms of the phenomenological amplitudes of tran-
sitions in 12C. We fix the structure amplitudes to reproduce the isovector Ml
strengths of ground state transitions from 10.43 and 9.17 MeV levels. We employ
these amplitudes to predict the isoscalar E2 transitions 10.43 —>• 2.31 and 9.17 —•
2.31. For the transition from the 9.17 MeV level we obtain B(E2) = 2.46 ± 0.33
W.u., in good agreement with the experimental value of 2.6 ± 0.8 W.u. For the
corresponding transition from the 10.43 MeV level, our model gives B(E2) > 1.9
W.u, whereas our experimental upper limit is 0.7 W.u. Further improvement in the
model requires the inclusion of more excited core components in the structure. No
attempt to that end was made, to retain the simplicity of the picture.

The results of these investigations have been submitted to Canadian Journal of
Physics.

References

[1] R. L. Kozub et al., Phys. Rev. C23 (1981) 1571.
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TABLE IX.l
Summary of electromagnetic transition strengths in 14N

Transition

Er-E,

(MeV)

9.7^2.31

9.51-v5.83
^5.11
-+3.95

8.91->7.03 ;
^6.44
->5.83
^5.11
-•g.s.

^ 1 "̂ *Q

3";1—2+;0

Branching

Present

100

70±8
30±7

16.8±1.5
75.9±4.7
6.6±0.5
0.6±0.1

1.7±0.6
3.3±0.8

88±6
2.5±0.6
4.0±1.2

ratios

Others

100

-

16±2
78±3
6±1

<0.16

1.4±0.8
3±1
89±3

5.4±2.5
1.6±0.5

Radiative

Present

(eV)

0.21±0.02a^

0.043±0.005
0.018±0.004

0.67±0.1
3.02±0.36
0.26±0.04

0.026±0.006

0.004±0.002
0.008±0.002
0.22±0.03

(6.2±1.5)X1O"3

widths

Theory

(eV)

-

1.01
3.07
0.21
0.09

0.2
5.3 X10"3

1.2 X10"2

The value quoted is (2JR + l)r7o
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5. Isovector M2 transitions in '""Ne

C. Rangacharyulu, E. J. Ansaldo and A. Richter group of Darmstadt

The motivation for these measurements comes for the following reasons:

1. All the present day shell model calculations predict a large concentration of iso-
vector M2 strengths for light deformed nuclei such as 20|22Ne. This strength is
expected to spread over a few levels about 20 MeV excitation.

2. In a semiclassical picture, Lo Iudice and Palumbo1' predict that isovector M2
strength in 20Ne occurs as a result of spin-isospin (or) oscillations and it appears
in four leveb viz., at 12.2, 13.3, 21.5, and 22.5 MeV excitation.

3. Further incentive for this work comes from the observation of MartoiT et al.2',
who find that convection currents contribute significantly for the isovector Ml
transition in 20Ne.

Our investigation of ^Ne over the excitation region of 11 < Ex (MeV) < 24
revealed only two M2 transitions at 11.62 and 12.1 MeV excitation. The region of
16-24 MeV excitation is dominated by the electric dipole and quadrupole resonances.
Careful data analyses showed that no single transition is entirely transverse and the
comparison with the photonuclear data and the earlier giant resonance work showed
that M2 strength in the 20 MeV excitation region is negligible.

The measurements on 22Ne over the excitation region of 15-20 MeV showed no
M2 strength. The investigations, thus, show the inadequacy of the present day
models to reproduce the M2 strength distributions in these nuclei.

Finally, we could conclude from the comparison of our M2 strength measure-
ments to the 11.6 and 12.1 MeV levels in 20Ne with the analogous (JT~,7) results of
Martoff et al.2) that the convection currents are important for these transitions also.

A manuscript describing these results is in preparation.

References

[1] N. Lo Iudice and F. Palumbo, Phys. Rev. C30 (1984) 360.

[2] C. J. Martoff et al., Phys. Rev. Lett. 48 (1981) 891.

6. Isovector M2 transitions in 42'44Ca

C. Rangacharyulu and the group of A. Richter at Darmstadt

Earlier, we compared the isovector M2 transition strength with the analogous
unique first forbidden (UFF) beta decay for the mass 17 system1'. We could not,
however, draw quantitative conclusions as the transition strength is very small. The
systems of mass 42,44 offered good candidates for this investigation. The 42|44K
nuclei populate the ground states of 42>44Ca with log ft = 9.474 ± 0.005 and 9.61 ±
0.68, respectively. The analogue levels are identified at excitations 9.75 and 14.43
MeV respectively in 42>44Ca. The transition strengths at the photon points are
respectively B(M2,w) = 30 ± 10 and 30 ± 7 /i^ fm2, to be compared with the values
deduced from beta decay, i.e., 40 ± 1 and 19 ± 6 /ir

2 fm2. Within experimental
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errors, these transitions are purely due to spin magnetizations.

These results are published in Physics Letters 2\

References

[lj C. Rangacharyulu et al., Nucl. Phys. A406 (1983) 493.

[2] C. Rangacharyulu et al., Phys. Lett. 135B (1984) 29.

7. Cross Section Measurements using Quasi-Monoenergetic Photons

R. E. Py well et al.

These experiments are part of a systematic study of photonuclear reactions in
light nuclei at or near closed shells or sub-shells. These experimental investigations
have included photoneutron studies in the three series: (a) 12C and 13C; (b) 15N, I6O,
17O and 18O; and (c) ^Si, 29Si and 30Si. Photoproton studies have been carried out
on many of these nuclei including 13C, 18O and 18O.

The general picture that has emerged from these measurements is that the cross
section of a nucleus with one or two nucleons outside a shell exhibits a giant dipole
resonance which is a modified version of that of the core nucleus. In addition there
is a pygmy resonance which may be attributable to the excitations of the "valence"
neutrons which are weakly coupled to the core. One reason for this study is to make
an attempt to determine the extent to which this weak-coupling model is applicable.

Most of the measurements mentioned above and all those discussed below have
been carried out with quasi-monoenergetic photons produced by positron annihila-
tion in flight using the 100 MeV Electron-Positron Linear Accelerator at the
Lawrence Livermore National Laboratory.

8. The Photoneutron Cross Sections of 14C

R. E. Pywell, B. L. Berman, J. G. Woodworth, J. W. Jury, K. G. McNeill and M.
N. Thompson

The photoneutron cross sections for i4C ( o^ ln ) and <r(7,2n)J have been measured
up to 36 MeV. The data analysis for this experiment was performed at the
Saskatchewan Accelerator Laboratory and has now been completed.

The present results for the photoneutron cross sections for 14C are shown in Fig.
DC.6: (a) the total photoneutron cross section <r(7,ntot) = <r[(7,n) + (7,pn) + (7,an) +
(7,2n)j; (b) <r(7,ln) = (7[(7,n) + (7,pn) + (7,an)J; (c) ff(7,2n). The plotted error bars
indicate statistical uncertainties only. The error in the absolute cross section is ±
10%. The arrows represent the threshold energies of the (7,n), (7,2n), and (7,pn)
reactions. Figure EX.7 shows the average energy of the emitted photoneutrons as
determined by the ring-ratio technique, plotted against photon energy, for (a) the
(7,ln) reaction and (b) the (7,2n) reaction. The dotted lines show the best fit to the
data; the band between the solid lines represents the approximate statistical uncer-
tainty in the data points; the dashed lines show the neutron energy that would be
obtained for purely ground-state transitions.
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The cross section for the emission of a single photoneutron displays a very prom-
inent resonance near 15 MeV which appears (from the average neutron energy data)
to decay primarily to the ground, state of 13C. The (7,2n) cross section is sharply
peaked at 26 MeV and is large compared with those of 12C and 13C. The gross
structure seen in these cross sections can be explained in terms of the reaction
kinematics coupled with the competition between the various particle decay channels
and the expected isospin splitting of the GDR. A sharp peak observed at 11.3 MeV
appears to have a significant Ml component.

The present measurement is consistent with the calculations of Kissener et al.
(Nucl. Phys. A2O7, 78 (1973); Nucl. Phys. A328, 289 (1979)) and the recent calcu-
lations of Assafiri and Morrison (Nucl. Phys. A427, 460 (1984)) in terms of the dis-
tribution of absorption strength and the distribution of the two isospin components
in the GDR.

The total photoneutron cross section for 14C does not show the typical pygmy
resonance as would be expected in the standard weak-coupling model. However, this
is not necessarily indicative of the closed or unclosed shell nature of 14C. A definite
interpretation with reference to all of the above points, however, cannot be made
until the photoproton cross section, and hence the total photon absorption cross sec-
tion, of 14C is known.

9. The Photoproton Cross Section of 17O

D. Zubanhov, B. L. Berman, M. N. Thompson, J. W. Jury, R. E. Pywell and K.
G. McNeill

During November 1983 the photoproton cross section of 17O was measured using
two large Nal scintillators to detect the de-excitation photons following beta decay
of the 16N residual nucleus. This data is being analysed by Doug Zubanhov at the
University of Melbourne and is now nearing completion.

Preliminary results show that the l7O(7,p) cross section is strongly peaked around
23 MeV with a cross section strength of approximately 6 mb. There is also a very
strong and narrow peak at 15.1 MeV. Indications are that this peak has a significant
Ml component.

10. The Photoproton Cross Section of 14C

P. C-K. Kuo, B. L. Berman, J. W. Jury, K. G. McNeill, R. E. Pywell and M. N.
Thompson

This experiment uses a similar technique to that of the irO(7,p) experiment
except that the beta decay electrons are detected directly. The experiment was to
have been performed during October and November of 1984, however an accelerator
breakdown prevented the full experiment being done at this time. Some preliminary
tests only were performed. This experiment will be postponed until mid 1985.
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11. Work at SLAC

R. V. Servranckx et al.

Although not strictly suitcase physics, we report for completeness our work at
SLAC. This involved studying a misalignment correction scheme for the Stanford
Linear Collider Project. The main effort was for increasing the capabilities of the
program DIMAT. The new features turned out to be useful for the EROS project.
A user's guide to the program DIMAT is now available as a SLAC Report; SLAC
Report 270 UC-28 (A) March 1984, "User's guide to the Program DIMAT", R. V.
Servranckx and K. L. Brown.
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X. SAFETY AND HEALTH PHYSICS

S. D. Choubal

A- Introduction

During the past year the machine has run very little, due to extensive construc-
tion work to accommodate the Pulse Stretcher Ring (PSR). Nonetheless routine sur-
veys and tests were carried out in the usual manner. The details of these measure-
ments and the results obtained have been submitted to the AECB in the annual
compliance report. We present here only a brief summary of the radiation safety
work during the year.

B. Shielding Calculations

While the PSR does not change the total beam power, it does change the spatial
distribution of potential radiation sources. For this reason shielding calculations
were performed to estimate the radiation hazard in unrestricted areas of the labora-
tory. The calculations were for the worst possible case with the maximum beam
power and a thick target, for the dominant, penetrating types of radiation, namely
bremsstrahlung photons and neutrons. We estimated the dose in the unrestricted
area due to a major beam spill, which may persist at most for one minute before
vacuum failure stops the process, and also for 1% of the maximum beam power con-
tinuously spilled at the point closest to the unrestricted area.

All expected values are summarized in the table below.

Radiation type Condition Beam power Dose/beam spill

neutrons < 20 MeV
neutrons > 20 MeV
Total

Radiation type

1
neutrons < 20 MeV
neutrons > 20 MeV
Total

beam spill
beam spill
beam spill

Condition
continuous
continuous
continuous

max
max
max

Beam power
1% max
l%max
1% max

0.046 mrad
0.00038 mrem
0.035 mrem
0.082 mrem

Dose rate/hr
0.027 mrad/hr

0.00023 mrem/hr
0.021 mrem/hr
0.048 mrem/hr

These estimates will be checked by actual testing when the beam becomes available.
In the unlikely event that higher levels are observed additional shielding will be
added to ensure that for 40 hour per week occupancy, the annual dose will not
exceed 500 mrem/year.
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C. Special Measurements

During the construction phase, workers hired by the contractor were monitored
closely for external and internal radiation hazard. The work in the restricted area
began on February 2, 1984 and was completed by the end of August 1984. Prior to
the start most significantly radioactive components were removed from the area or
shielded. The maximum exposure of 300 mrern was received by a wall cutter and
this is well below the regulatory exposure limit of 500 mrem per year.

Dust samples were collected during worst conditions. No detectable activity was
found in the dust collected on the air filters. Thus the risk from inhalation of
radioactive dust produced by cutting of the concrete wall was calculated from the
measured values of the concentration of activity in the concrete in the most active
area and maximum concentration of dust that can be suspended in air. This gives
extremely conservative estimate of risk. The calculated value of concentration of
activity in air was estimated to be 0.65 MPC (Maximum Permissible Concentration).

D. Routine Radiation Surveys

1. Restricted Area

The radiation levels from induced activity were much lower than usual as there
was no beam available. The highest exposure rate of 1.2 R/hr resulted from a colli-
mator which was removed and stored away during construction.

2. Unrestricted Area

In the modulator room where occupancy is very low, the average background
radiation is 1 to 1.2 mR/hr when all klystrons are turned on. In the rest of the
unrestricted area background radiation ranged from 8 to 18 /iR/hr when the
machine was off and 8 to 100 /iR/hr when the machine was on.

The lack of running in the current year gave no opportunity to monitor neutrons
in the unrestricted area.

3. Wipe Tests

Wipe tests were conducted routinely in restricted and unrestricted areas using
either 2 inch paper discs counted on a gas flow counter or swabs counted on a
gamma spectrometer. No significant contamination was detected.

E. Exposure to Radiation

Out of 56 persons, 15 were exposed to a detectable amount of radiation as
recorded on TLD's supplied and evaluated by the Radiation Protection Bureau. The
maximum exposure received by a staff member was 2 mSv (200 mrem). Among the
15 persons who received radiation exposure, the average exposure was 0.63 mSv (63
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mrem). Very low exposures are due to the fact that the accelerator ran only for a
total of 200 hours during the year.

The results of all tests and surveys are filed in the Radiation Safety Office at the
University of Saskatchewan.
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Use of plastic for radiation dosimetry and for the determination of depth-dose
distribution

Proc. Poly. Sci. Sym. 2 (1983) 25-28

[15] S. H. Lee, W. L. Waltz, D. R. Demmer and R. T. Walters
Effects of applied pressure on the emission lifetimes and spectroscopic features
of some Chromium(in) ammonia and amine complex ions in aqueous media

Inorg. Chem. (accepted September 1984)

[16] A. Goursot, H. Chermette, E. Penigault, M. Chanon and W. L. Waltz
Xa method as a tool for structure elucidation of short-lived transients gen-
erated by pulse radiolysis or flash photolysis I. The PtC^3", PtCl5

2~ and
PtCL; cases

Inorg. Chem. (accepted April 1984)

[17] B. G. Eatock, W. L. Waltz and P. G. Mezey
Ab initio SCF MO calculations on the reactions of hydroxyl radical with imi-
dazole and monoprotonated imidazole

J. Computational Chem. (accepted October 1984)

[18] M. B. Chatterjee, C. Pruneau, C. Rangacharyulu and C. St-Picrre
Self supporting carbon targets by e-gun evaporation

Nucl. Instr. and Meth. (accepted November 1984)

[19] S. Ahmad
Muon induced nuclear fission

Nuclear Science and Applications (Bangladesh) (accepted)

[20] A. Goursot, H. Chermette, M. Chanon and W. L. Waltz
Xa method as a tool for structure elucidation of short-lived transients gen-
erated by pulse radiolysis or flash photolysis EL Oxidation reactions of PtCLj8"

Inorg. Chem. (submitted)

[21] C. Pruneau, C. Rangacharyulu, M. B. Chatterjee and C. St-Pierre
Radiative decay of 10.43 MeV level in 14N

Can. J. Phys. (submitted)
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[22] M. B. Chatterjee, C. Pruneau, C. Rangacharyulu and C. St-Piorre
Radiative decays of unbound levels in I4N

Can. J. Phys. (submitted)

B. Papers Presented to Learned Societies and Seminars

[1] D. M. Skopik
Tritium and 3He charge and magnetic form factors - new results and analysis

Seminar at National Bureau of Standards, Washington, D.C., 1984

[2] E. G. Auld, S. Ahmad et al.
Antiproton stop experiment with trigger on X-rays

Western Regional Nuclear Physics Conference, Chateau Lake Louise,
Alberta, February 24-26, 1984

[3] H. S. Caplan
The upgrading project at the Accelerator Laboratory

Physics Departmental Seminar, March 1, 1984

[4] H. S. Caplan
Engineering physics

Talk for Careers Day at River Heights School, Saskatoon, March 7, 1984

[5] J. C. Bergstrom
The EROS project

Invited Seminar - Eastern Regional Nuclear Conference, McMaster
University, Hamilton, March 23, 1984

[6] H. S. Caplan
Perspectives sur l'anneau de lissage a Saskatoon

Invited Seminar at University of Laval, Quebec, March 27, 1984

[7] H. S. Caplan
The electron ring at Saskatoon — physics and technology

Invited Seminar at University of Toronto, Toronto, March 29, 1984

[8] S._Ahmad et al.
PP annihilations at rest in hydrogen gas - report on preliminary results of the
Asterix experiment at LEAR

International School of Physics of Exotic Atoms, Erice, Sicily, March 31 -
April 6, 1984

[9] D. M. Skopik
Coulomb energy difference between helium and tritium

Seminar at Duke University, Durham, N.C., April 10, 1984

[10] J. C. Bergstrom
The EROS project in Saskatoon

Invited Seminar at TRIUMF, U.B.C., Vancouver, April 12, 1984

PUBLICATIONS - 77 -



Siskatchewan Accelerator Laboratory

[11] J. C. Bergstrom
The EROS project in Saskatoon

Invited Seminar at University of Manitoba, Winnipeg, April 18, 1984

[12] D. M. Skopik
The EROS project and a review of the mass 3 electron scattering experiments

Seminar at University of Montreal, May 31, 1984

[13] T. P. Dielschneider
The EROS project in Saskatoon

Accelerator Physics Branch Colloquium, AECL, Chalk River, Ontario, June
8, 1984

[14] H. S. Caplan
EROS - The next five years

Invited Paper, CAP Workshop on The Nuclear and Particle Physics of the
Future, Sherbrooke, Quebec, June 17, 1984

[15] E. L. Tomusiak
Electron physics a decade from now

Invited Paper, CAP Workshop on The Nuclear and Particle Physics of the
Future, Sherbrooke, Quebec, June 17, 1984

[16] S. Ahmad et al.
Antiproton-proton interactions at rest I: ASTEREK apparatus

CAP Congress, Sherbrooke, Quebec, June 18-20, 1984

[17] S. Ahmad et al.
Antiproton-proton interactions at rest II: ASTERDC preliminary results

CAP Congress, Sherbrooke, Quebec, June 18-20, 1984

[18] R. E. Pywell, B. L. Berman, J. G. Woodworth, J. W. Jury, K. G. McNeill and
M. N. Thompson
Photoneutron cross sections for I4C

CAP Congress, Sherbrooke, Quebec, June 18-20, 1984

[19] C. Pruneau, M. B. Chatterjee, C. Rangacharyulu and C. St-Pierre
Radiative proton capture to levels in 14N

CAP Congress, Sherbrooke, Quebec, June 18-20, 1984

[20] W. L. Waltz and J. Lilie
Pulse radiolysis and laser photolysis studies using conductivity and optical
detection methods

Invited Paper, Can-Am Chemical Congress, Montreal, June 1984

[21] C. Rangacharyulu
Nuclear physics with electron accelerators

Invited Seminar at the Department of Physics, Laval University, Quebec,
July 4, 1984

[22] R. E. Pywell
Giant resonance photoreactions in 14C and 17O
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Invited Talk, Gordon Research Conference on Photonuclear Reactions,
Plymouth, N.H., July 16-20, 1984

[23] S. Ahmad
Asterix experiment at LEAR

Seminar at Laboratoire de Physique Nucle'aire, University of Laval, Quebec
City, August 8, 1984

C. Theses

[lj T. P. Dielschneider (D. M. Skopik supervisor)
Photodisintegration of deuterium at intermediate energies

M.Sc. thesis, 1984

[2] C. B. Figley (C. Rangacharyulu supervisor)
A focal plane drift chamber

M.Sc. thesis, 1984

[3] A. C. Maliyackel
Pulse radiolysis and ab initio SCF MO studies of hydroxyl radical reactions
with 2,2'-Bipyridine and its complexes with transition metal ions

Ph.D. thesis, May 1984

D. Technical Memoranda

[1] R. Servranckx
Frozen lattice

EROS-TM-83/08 (supersedes EROS-TM-83/04)

[2] R. V. Servranckx
EROS basic R.F. parameters

EROS-TM-83/09

[3] R. Maas and R. V. Servranckx
Basic parameters of injected and extracted beams

EROS-TM-83/10

[4] R. Servranckx
Misalignments and errors

EROS-TM-83/11

[5] D. Douglas and R. V. Servranckx
A method to render 2nd order beam optics programs symplectic

SLAC SLC Note 28, October 1984
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E. Seminar Series

[1] Dr. Alex Brown, Cyclotron Laboratory, Michigan State University, East
Lansing
Shell model calculations of Ml and Garaow Teller transitions in 2s-ld shell

December 8, 1983

[2] Dr. M. S. A. L. Al-Ghazi, University of Manitoba, Winnipeg
Three body problem in nuclear physics: a simpleton's view

February 2, 1984

[3] Dr. J. C. Kim, Seoul University, Seoul, Korea
Photon taggers: technology and physics

March 1, 1984

[4j Dr. A. Zieger, Max Planck Institute, Mainz, West Germany
Recent results and future plans concerning 7d—>pn at 0° and 180°

May 10, 1984

[5] Dr. R. Neuhausen, Institut fiir Kernphysik, University of Mainz, West
Germany
Coincidence experiments with the Mainz continuous wave electron beam

July 27, 1984

[6] Dr. A. Suzuki, Science University of Tokyo, Japan
Roper puzzle and missing sliort range components of nucleon wave function

August 29, 1984

[7] Dr. Marcos Martins, National Bureau of Standards, Washington, D.C.
Experimental test of Bremsstrahlung theory

September 13, 1984

F. Journal Club Talks

[1] K. Itoh
A survey of experimental progress for pion-induced reaction

January 10, 1984

[2] E. L. Tomusiak
Some comments on polarized electron scattering

January 31, 1984

[31 J. Asai
More on the vertical chicane beam

February 7, 1984

[4] S. Ahmad
Muon induced nuclear fission

February 21, 1984
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[5] P. S. Takhar
EGS - Faraday cup

April 3, 1984

[6] M. Kimura
Small components of 3-body bound states (A-isobar and p states)

April 17, 1984

[7] S. Ahmad
Asterix experiment at Lear (Low Energy Antiproton Ring at CERN)

May 1, 1984

[8] S. D. Choubal
Measurement of gaseous radioactivity produced at the Linac

May 15, 1984

[9] C. Rangacharyulu
Double beta decay and neutrino mass

May 29, 1984

(10] S. Ahmad
Search for the shape bomeric gamma decay in muonic actinides

October 2, 1984

[11] L. O. Dallin
EROS - ins and outs

October 23, 1984

[12] P. S. Takhar
Electron shower in a variety of materials

November 20, 1984
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XII. STAFF

A- Scientific Staff

Physics Chemistry Mathematics

E. J. Ansaldo1* W. L. Waltz R. V. Servranckx3)
J. C. Bergstrom R. J. Woods
H. S. Caplan (Director)
M. A. Preston
C. Rangacharyulu
D. M. Skopik2)
E. L. Tomusiak

1. Research Associates and Postdoctoral Fellows

S. Ahmad4)
J. Asai
M. Kimura
J. P. McTavish
R. E. Pywell
R. V. Servranckx3)

P. S. Takhar

2. Scientific Research Assistant

G. A. Retzlaff6'

3. Accelerator Physicists

L. O. Dallin6)

T. P. Dielschneider7)

4. Engineering Physicist

C. B. Figley8)

1) Transferred from active list November 1, 1984
2) Sabbatical leave July 1, 1983 to June 30, 1984
3) Transferred to Professional Research Associate July 1, 1984
4) Left October 26, 1984
5) Appointed August 1, 1984
6) Appointed July 1, 1984 (transferred from Research Technical Assistant)
7) Appointed July 1, 1984 (transferred from Research Technical Assistant)
8) Appointed May 1, 1984 (transferred from Graduate Student)
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5. Graduate Students

Physics Chemistry

M. O. El-Ghossain
M. E. Wesolowski1)

M. C. Anthony2^
B. G. Eatock
S. H. Lee
N. J. Njapba
C. Wett3)

6. Summer Students

M. E. Baudais (May 1 - August 31, 1984)
K. L. Dooley (May 1 - August 31, 1984)
B. G. Marlatte (August 8 - August 31, 1984)
T. Pidkalenko (May 9 - August 31, 1984)
M. E. Tomusiak (May 1 - August 31, 1984)
D. W. L. Wang (May 1 - August 31, 1984)

1) Withdrew April 30, 1984
2) Received degree May 1984
3) Commenced Ph.D. February 1984
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B. Technical Staff

K. T. Berg1)
J. L. Bergstrom2)
S. E. Broughton3)
H. Buchmann4)
B. M. Chomyshen5)
S. D. Choubal
D. C. Ferguson6)
P. Freimanis7)
J. I. Gale
J. A. Greefkes
D. G. Gulak8)
M. R. Hinds9)
S. R. Koenderink10)
D. R. Murray
E. D. Neudorf
B. R. Norum11)
H. Purdie
N. E. Strunk
R. J. C. Thompson
A. M. Vedress12)
M. Verhulst
A. B. Walston
F. T. West
A. D. Wilson13)

Research Technician Trainee
Storekeeper

Electronics Technician
Research Technician Trainee
Radiation Safety Officer

Mechanical Engineer
Administrative Assistant
Instrument Maker
Mechanical Drafting
Electrical Engineer
Programmer Analyst
Systems Manager
Inventory Controller
Instrument Maker
Procurement and Installation Specialist
Instrument Maker
Electronics Technician
Secretary
Electronics Technician
Instrument Maker
Operations Supervisor
Programmer Analyst

1. Machine Operators and Casual

J. L. Bergstrom
R. L. MscKenzie
W. McWillie

B. G. Marlatte
T. Pidkalenko
R. C. Verhulst

1) Appr in ted October 22, 1984
2) Appointed February 1, 1984
3) DSMA staff
4) Appointed April 1, 1984
5) Appointed October 22, 1984
6) DSMA staff
7) Appointed August 23, 1984
8) Appointed February 6, 1984
9) Appointed October 15, 1984
10) Appointed April 1, 1984
11) May 1 to August 31, 1984
12) Appointed September 1, 1984
13) Appointed May 1, 1984
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C. Consultants

Dr. K. I. Blomqvist
Massachusetts Institute of Technology, Cambridge, Mass.
February 23-26 and October 23-28, 1984

Mr. P. J. T. Bruinsma
NIKHEF, Amsterdam, The Netherlands
February 20-25, 1984

Mr. M. G. Kelliher
Kelvin Laboratory, Glasgow, Scotland
February 25 to March 3, 1984

Dr. D. Walz
Stanford Linear Accelerator Center, Stanford, Calif.
April 25-27, 1984
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