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Saskatchewan Accelerator Laboratory

Preface

We are now in the third and final year of our major upgrading project. It
is an exciting time as paper designs change into hardware. The highlight of
the past year was the successful commissioning of the energy compressor
system which was the first component of the upgrade.

We expect to store a beam in the pulse stretcher ring in the coming year
and to start the experimental program by January 1987. The scientific com-
munity has already responded with exciting experimental proposals.

Henry S. Caplan

1st November 1985
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I. ADMINISTRATION

A. Introduction

H. S. Caplan

Last year we reported on the first year of the upgrading project to add an
energy compressor system (ECS), a pulse stretcher ring (PSR) and a mag-
netic spectrometer (QDD) to our existing 300 MeV electron linear accelera-
tor. As well as giving a description of the project, the 1984 Annual Report
included statements on the function of the laboratory and how its perfor-
mance is evaluated.

This year two items have been added to the upgrading project. In April
1985 a photon tagging system (TAGGER) was funded by NSERC and in
October 1985 we received a surplus 44" magnetic spectrometer from the
High Energy Physics Laboratory at Stanford. The status of these two items
is given later in this report.

During 1985 there have been two visits of the Saskatchewan Advisory
Committee: SAC 5 on 14th-15th March and SAC 6 on 24th-25th October. The
committee has continued to report satisfactory progress in the project to
the presidents of NSERC and the University of Saskatchewan.

B. Planning. Schedules and Procurement
D. H. Skopik

Good progress has been made on the EROS installation jobs and at the
same time we have made a number of improvements in the Linac, when time
and manpower availability permitted. The computerized project manage-
ment program, TELLAPLAN introduced last year has been honed to become
an invaluable tool. The Gantt charts generated are posted and consulted by
the whole laboratory staff.

For EROS we have been plagued by major item delivery delays, most not-
ably for magnets and vacuum components. The former have affected the
Injection line (INJ) and Pulse Stretcher Ring (PSR), while the latter have had
an impact only on the Injection line. These delays dictated revisions in the
INJ installation and presently the PSR installation is being reworked using
TELLAPLAN in an effort to keep the project on schedule.

The program also flags areas which require special attention. Currently
these are:

1. Alignment dependencies;

2. Monitor development and installation;

3. Building modifications to the experimental areas;
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4. The protection system (Controls).
An overview of the major tasks for the PSR is shown in Fig. I.I. We fully

expect to complete the ring installation by next fall if no more equipment
deliveries are delayed. Almost all components required to complete the
stretcher ring are on order, as is the QDD spectrometer. The beam line to
the tagger is out to tender and a request for proposal on the lines to the QDD
spectrometer will be sent out in the immediate future. A more explicit pro-
jection of the start-up of the experimental programs is shown in Table 1.1.

TABLE I.I
Schedule for Experiment Planning

Milestone

Store beam
Extract first beam
Tagger tests
QDD tests
Hadron arm

Date

September 1986
Late 1986
Early 1987
Summer 1987
Fall 1987

Comment

Reasonably assured
The real test
Reasonably assured
Depends on manpower
Depends on manpower
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Saskatchewan Accelerator Laboratory

C. Manpower

H. S. Caplan

The details concerning the arrival and departure of staff members are
given in Chapter X. The overall picture is that the period of rapid rise is over
and we have reached our equilibrium complement.

We have not received authorization from the university to hire another
faculty member. However the situation with regard to research associates
has improved and we are optimistic about obtaining more good people. In
the engineering area there has been no change in numbers but the quality
has improved.

The end of our contract with DSMA-ATCON in July was somewhat mitigated
by the fact that one of their staff decided to stay on at the accelerator
laboratory and that the work of the other in setting up systems and pro-
cedures was largely complete.

On the technical side, the loss of our most experienced machinist due to
ill health affected the machine shop. However, in a departure from past
practice we have been employing a significant number of part-time and
short term people. This has been facilitated by the use of TELLAPLAN which
gives warning of manpower needs.

D. High School Teachers' Summer Program

Each year the laboratory employs about half a dozen undergraduate stu-
dents to help during the holiday season and to encourage them to enter gra-
duate school in Nuclear Science.

This year the accelerator laboratory instituted a new summer program to
try to improve the quality of physics teaching in the Province of
Saskatchewan. Two high school physics teachers were selected and given
the opportunity to work at the laboratory during the summer. It was hoped
that by giving these people the chance to see how research is carried out in
a high technology environment, they would be better equipped to transmit
the enthusiasm and excitement of science to their pupils. The program
worked better than anticipated and not only did the teachers get t^e
expected boost but also the laboratory got considerable useful work out of
them.

E. Accounting and Budgets

In the past year an accounting system has been built to give much better
information about the financial status of the laboratory. This involved writ-
ing the software to adapt a commercial data base system and also coding
and entering information on orders for the past several years. It is now pos-
sible to obtain in a few minutes a status report or a projection report on our

ADMINISTRATION - 5 -



Saskatchewan Accelerator Laboratory

main grants. These reports are for in house use or for use by committees of
the granting agency. The University still maintains an independent set of
accounts which are audited by the provincial government auditors.

The original budget requested in 1982 for the upgrading project was So.8
M and included a 13% overall contingency. We passed the midpoint in com-
mitments in April 1985 and the midpoint in expenditures in August 1985. We
now estimate that we can complete the project within budget only if an
allowance for inflation commensurate with our cashflow is made. This prob-
lem has been partially resolved and only a few items associated with the QDD
spectrometer system are currently red-lined.

Our infrastructure grant to operate the facility has risen from about SO.5
M before the upgrading project to about 551.5 M this past year. The dominant
expenditure on this grant is manpower which has now reached its equili-
brium level and we project no overexpenditure on this grant for the first
time in several years.

F. Administration of the Experimental Program

Although beam for experiments is not expected before January 1987, we
have set up a Program Advisory Committee (PAC) to look at proposals. This
is not premature when one considers the long lead time required to get an
experiment funded and the equipment built.

The membership of the committee is shown in Table 1.2 and its first meet-
ing is scheduled for 7-8th November 1985. As well as the initial organization,
the setting up of procedures and policy, the committee has about 8 experi-
ments to look at. We encourage interested parties to communicate with the
chairman of the committee as significant changes have already been made
in the planning of the facility to accommodate users' wishes.

TABLE 1.2
Program Advisory Committee (PAC) Membership

E. L. Tomusiak (Chairman) University of Saskatchewan, Saskatoon
R. E. Azuma University of Toronto, Toronto
K. I. Blomqvist Lund, Sweden
T. W. Donnelly Massachusetts Institute of Technology, U.S.A.
J. W. Lightbody National Bureau of Standards, U.S.A.
C. Rangacharyulu University of Saskatchewan, Saskatoon

We have also taken the first step in the creation of a Users' Committee by
the appointment of Dr. Walter del Bianco of the University of Montreal as
chairman. This committee is expected to take shape and hold its first meet-
ing in the coming year.
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II. NEW CONSTRUCTION

A. Spectrometer and Tagger Experimental Areas

S. E. Broughton

The 1984 Annual Report previewed the prospect of major construction
work for the installation of the QDD Spectrometer. This has evolved into a
design for a 2.2 meter deep pit providing sufficient headroom for the Spec-
trometer. After a supplier for the Spectrometer had been chosen and it was
confirmed that the unit would clear the spacial constraints, Underwood
McLellan Associates (UMA) were hired to do detailed engineering of the con-
struction changes. Figure II. 1 shows a plan of Experimental Area 3 with the
pit, the Electron Spectrometer (QDD) and the Hadron Spectrometer. Figure
II.2 shows a side section of both these units in situ. The Hadron Spectrome-
ter was acquired, for the cost of transportation, as a complementary instru-
ment to the QDD. The design loads used for the pit had included a second
unit such as this, consequently no changes were necessary in the construc-
tion drawings already prepared.

In the interim, the Photon Tagger grant had been approved and the scope
of construction work was expanded to include its installation. To accommo-
date the Tagger in the neutron cell and provide adequate room for instru-
mentation, etc., the wall separating the cell and the perimeter corridor has
to be removed. The most efficient way of breaking out this wall whilst main-
taining the structural integrity of the building has proven to be by excava-
tion from above, demolition of the roof and wall and then placement of a new
roof and of course backfill of the excavation and landscape restoration. Fig-
ures II.3 and II.4 show the scope of construction work for the Tagger installa-
tion.

The engineering work for this part of the' building, was also carried out by
UMA, and the total package sent out for bids in September. Construction
bids were received on September 20th, 1985 from four companies and on
October 4th, 1985 a letter of intent was issued to Graham Construction,
Saskatoon. The construction work will start in November, 1935 at the neu-
tron cell. This is the first part of the project because it involves outside
excavation, as well as exposed concrete work. This section is scheduled to
be completed before the end of December.

The construction work in Experimental Area 3, to house the new Spec-
trometer is primarily indoor work and will be carried out this winter.
Approximately 80% of the existing floor has to be broken out and the sub
floor excavated to 2.2 meters deep. A 450 mm thick reinforced concrete raft
will be cast as the pit floor and the foundation slab for the Spectrometers.
This is followed by the pit walls and restoration of the balance of the Experi-
mental Area 3 floor. Also included in this work is the tunneling under one
wall of a beam dump flight tube.

Access for construction equipment to both of these areas, from any route,
is by no means direct. Consequently there was no price penalty for
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restricting contractor's access to the closest outside location to both areas.
This allows for segregation of these two construction areas from the rest of
the facility, thus enabling the PSR components to be installed without
interruption. Accordingly, temporary walls will be erected and sealed dust
tight to both areas as part of the preparation work. Preparation for con-
struction will be mainly by lab staff with some of the service work being done
by Physical Plant Department. Physical Plant will also provide some
engineering supervision during construction, to complement the usual
inspections by the architect.

All new construction is scheduled to be complete by end of April, 1986.

B. Storage Building

The availability of a new building on one of the university farms near the
laboratory has gone a long way to reduce the clutter of equipment around
the laboratory. Old magnets and other equipment which may someday be
useful and some items too radioactive for immediate disposal have been
transferred to the storage building.

- 8 - NEW CONSTRUCTION
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HI. ACCELERATOR OPERATION AND DEVELOPMENT

A. Accelerator Operation

F. T West and H. S. Caplan

Due to the upgrading project the accelerator has run very little during
the past year. The actual hours are given in Table III. 1.

TABLE HI. 1
Accelerator Operating Hours

Low energy beam line 41
ECS and monitor tests 63
Pion electroproduction experiment 336
Total beam hours 440

RF conditioning 321
Total transmitter hours 761

We have continued our strategy of recommissioning the machine to full
operating status after each prolonged shutdown imposed by the upgrading.
This procedure has proved exceedingly costly in components. In particular
we had a failure of four klystrons. This coupled to the immediate failure of
two spares: one debatably and one unequivocably due to a manufacturing
fault, has led to a situation which would have been very serious during a nor-
mal operating year. We hope to resolve our klystron problems in the coming
year before regular machine operation is rescheduled.

B. Temperature Stabilization
It is ironic that what seems to be a 19th century problem, water cooling,

should loom so large in the operation of the laboratory. Of the nine preci-
sion heat exchangers (±0.1°C) required for the accelerating sections and
other RF gear we have now completed the upgrading of five and are well
underway with two more. All hands from the plumbers to the director will
be happy to see this work completed.

C. Transmitter Improvements
The transmitters for our machine were built over a period of about ten

years and there was considerable variation in their design and wiring. Over
the past year some progress has been made to making them more uniform
and to rationalize and document the wiring. This should make maintenance
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easier in the future. The control console has also been rewired so that the
installation of the ring controls can be done in a straightforward and non
disruptive manner.

D. Commissioning of the E.C.S.

D. H. Skopik. J. C. Bergstrom and F. T. TTest

The Energy Compression System (E.C.S.) is the first sub-project within
the whole EROS program to be completed and brought into (what is now)
fairly routine operation. The E.C.S. has been described in detail elsewhere,
but briefly it is a 3-dipole chicane followed by a small accelerator section,
which selectively accelerates the slow electrons, and decelerates the fast
ones, thereby "compressing" the energy spectrum of the electron beam.
The quality factor of the E.C.S. is called the "compression factor", fc, and is
defined by

'o = V 7i

where yx - (Ap/p)j is the initial energy spread of the beam, and yf is the
spectrum width after compression.

The original design goal was to eventually achieve fc = 10. The linac
energy spread is typically -ft & ±1%, thus our goal was yt = ±0.1%.

The commissioning of the E.C.S. was done with a set of bending magnets,
energy defining slits and a Faraday cup. By varying the width of the slits and
observing the point at which the transmitted current decreased we were
able to determine yt. The first attempt gave a compression factor of 10 and
within a day we were able to significantly improve on this result by fine tun-
ing the r.f. phase and power in the E.C.S. accelerating section. More accu-
rate measurements of yf and a complete calibration of the E.C.S. ss^stem will
be carried out soon using the injection line to the pulse stretcher ring.

Each dipole in the E.C.S. chicane has its own power supply, synchrotron-
light port, straight-through beam dump and T.V.-monitored fluorescent
screen, all of which have made the chicane-tuning a fairly simple procedure.
The first dipole also acts as a convenient energy-analyzer during tune-up of
the linac.

The aluminum vacuum chambers of the dipole magnets are supplied with
thermo-couples to monitor beam-halo or beam missteering, and so far they
have indicated no abnormal or unexpected behavior. Even when the
energy-defining slits between the first and second dipoles are nearly closed,
we see little evidence of energy-degraded electrons spraying into the
chamber walls.

During the commissioning tests of the E.C.S. we also successfully tested a
new compact slit system, designed to operate at power levels up to 20 kW.
Basically these are tungsten clad copper blocks Tvhich define the sns of Lhs
beam from the accelerator and the dispersion of the beam after the first
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magnet in the E.C.S. The tungsten acts as shielding and contains the copi-
ous low energy x-ray yield that results when the beam is absorbed in the
copper jaws. The opening size as well as the position of the slits (each set of
slits can be independently translated) are computer controlled through
CAMAC.

ACCELERATOR OPBRATTO.W AND DEVELOPMENT - 1 5 -
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IV. THE PULSE STRETCHER RING

A. General

J. C. Bergstrom. L. 0. Dallin. T. P. Dielschneider, C. B. Figley. H. Purdie and D. H.
Skopik

The EROS project, funded in April of 1983, continues to progress rapidly.
The main part of the project is the Pulse Stretcher Ring (PSR), consisting of
the injection line, the ring proper and the extraction line. The design goal is
to deliver, to the experimental area, a beam with a duty factor approaching
unity, an energy spread of ~10~4 and horizontal and vertical emittances of
~0.3 n mm-mrad.

All aspects of the PSR installation are proceeding well, in spite of the late
delivery of magnets. The strongback supports for the ring and injection line
were completed early in the year and installed in the accelerator vault. The
magnets for the injection line arrived late and as a result, this beam line
installation was completed in October, several months late. The ring mag-
nets, which were due to arrive during the summer, had not yet arrived as of
the end of October. Hence the installation of the ring proper is several
months behind schedule.

Other jobs concerning the PSR continue. The RF system, although
dramatically differing in concept from a year ago, has been finalized and all
components are on order. The concept for the injection kickers is complete
and construction is in progress. The extraction line has been defined in
detail and the electrostatic extraction septum itself is in the final design
stage. A major effort has been devoted to beam monitors in the ring and
this has resulted in numerous designs being .evaluated and developed. Most
of the work has gone into developing a stripline monitor which will work with
the circulating beam.

Over the past year, simulations of ring performance have continued.
These simulations included continuing efforts to improve the quality of the
extracted beam, possible problems caused by misalignments, as well as
instabilities. The expected quality of the beam has been improved especially
in reducing the extracted emittances. While troublesome areas due to
misalignments and instabilities have been discerned, no major problems
have been uncovered.

Two parts of the project will be described in detail in the next sections.
They are the injection beam line which has now actually been installed and
the extraction beam line whose design has only recently been completed.

- 1 6 - THE PULSE STRETCHER RING
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B. The Injection Beamline

J. C. Bergstrom

1. Introduction

This report outlines the general design features of the Injection Beamline.
The beamline starts at the end of the E.C.S. and terminates at the injection
point of the ring. Its basic functions are as follows:

a. Deliver the beam from the E.C.S. to the injection point. This includes
raising the beam from the plane of the linac to the plane of the ring, or
more accurately, to the plane of the downward-displaced closed-orbit.
For reference, the vertical and horizontal separations of the linac and
ring centerlines are

vertical: 824.7 mm
horizontal: 5102 mm.

b. Match the beam angles in both planes to the injection trajectory. The
coordinates of the beam at injection, relative to the ring centerline, are

x =-10 mm x' = -1.24mr
y = -15 mm y' = +0.75 mr.

Thus, injection occurs below and about 1 cm to the inside of the ring
axis. For this purpose, the closed-orbit of the machine is displaced 15
mm downward by fast closed-orbit "kickers" situated on either side of
the injection point.

c. Match the a and J3 functions (in x and y) of the beam at the injection
point to the appropriate ring parameters. The a function describes the
tilt of the phase-space ellipse, and p represents the beam size through
the relation

• M
where xmax = beam outer radius in the horizontal plane and e = A/ n,
where A is the phase-space area.

Since injection is directly into the horizontal plane of the displaced
closed-orbit, ay and |Sy are matched to the corresponding ring functions.
The beam is displaced horizontally from the closed-orbit, so the match-
ing of ax and /3X is more complicated. The appropriate values for both
planes are

ax w -2.7 pT « 8.5 m
ay = 0.59 /Sy = 3.65 m.

d. Restrict the energy spread of the injected beam by means of slits in the
180° Bend. The slits also provide a convenient device for controlling the
peak current -without disturbing the linac.

THE PULSE STRETCHER RING - 1 7 -
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2. Description
The Injection Beamline is illustrated in Fig. IV. i and consists of the follow-

ing major components:
i. Emittance Quad and monitors

ii. Phase-space Telescope
iii. Tune-line 1
iv. l8CPBend
v. Tune-line 2

vi. Ramp
vii. Septum magnets: "6-degree" and "2-degree"
viii. Steering coils: "STR 3-6".

Each of these components has a specific function which is addressed
below.

- 1 8 - THE PULSE STRETCHES RING
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a. Emitt&nce Quad.

The actual beam emittance e entering the E.C.S. will be controlled, by the
high-power slits located at the end of the linac. The emittance is measured
by the "Emittance Quad" and a pair of flying-wire beam profile monitors,
one located immediately in front of the Quad, the other situated 8.9 m down-
stream from the Quad center. The Quad is adjusted until the beam at the
downstream monitor is a minimum size, say in the vertical direction. If

yj = one-half of the vertical beam extent at the Quad,
= one-half of the extent at the downstream monitor,

then
_

where L = 8.9 m. The injection and P.S.R. studies have assumed

0.15 s K <> 0.50 m m - m r

and this should be considered as the operating region.

b. Telescope

The Telescope is a 4-quadrupole array following the E.C.S. whose function
is to tune the a and $ functions of the beam at the injection point of the
P.S.R. The optical configuration of the quadrupoles is Dlt F2, F3, D4 where D
means defocussing in the horizontal plane. The third lens (F3) is much
weaker than the others, and is driven by a polarity-reversing power supply.

Tuning of the Telescope in the final setup stage is assisted by 3 flying-wire
profile monitors, one at the injection point and the others equally spaced 2.4
m on either side. These monitors determine the a and /3 functions in both
planes, once the emittance s has been established. Unfortunately, it has not
been possible to design a separated-function Telescope, although the optical
configuration DFFD minimizes the coupling of the center quads to the y-
plane optics. An iterative procedure for tuning the four beam functions,
starting from nominal field settings, seems to be promising (Technical
Report EROS/TR/INJ/02), although time consuming. The situation is made
more complicated by the fact that the a-functions of the beam entering the
Telescope are not known accurately, so the Telescope was designed to
accommodate a large range of possible values.

The tolerable errors in the quadrupole field-settings are at the few-
percent level. For example, a 2% error in the first quadrupole causes a y-
plane emittance growth of 35% in the extracted beam. The x-plane phase-
space ellipse is hollow, and is most sensitive to the second quadrupole of the
Telescope. In fact, this lens acts very nicely as an "ct3-knob".

c. Tune-line 1

About 36 cm downstream from the end of the Teleccop-3 is ^ivac.tTd on<2 of
the two "conjugate points" of the Injection Beamline (sea Ge.v.-;i-~i Fu tures
be low). A straight-through tuns-up lino extends 4.70 m. Troui icdn point, •-er-
minating with a flying-wire profile monitor and ether bean. zvioniLri-j. Tliic
terminal point is nearly optically equivalent to ths injection point of the

- 20 - THE PULSE STRETCHER RING
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P.S.R., and allows one to make a rough tune of the Telescope prior to bend-
ing the beam into more critical areas. This line is called Tune-line 1. At
least the beam size (/S-functions), if not the cc-functions, can be approxi-
mately matched, minimizing the possible damage that could be done in the
area of the injection septum magnets.

A careful measurement of the beam size on this line is useful for tuning
the 180° bend, as discussed in Section "13CP Bend" below.

Finally, Tune-line 1 in conjunction with a non-intercepting r.f. cavity posi-
tion monitor in the center of the Telescope permits careful alignment of the
beam via the steering coils STR1, STR2 and (if necessary) STR3. The loca-
tions of these steering coils are

STR1 - before the E.C.S.
STR2 - between the E.C.S. and the Telescope
STR3 - after the Telescope, at the first "conjugate point".
Tune-line 1 is actually part of the beam line connecting the E.C.S. to the

Switchyard.

d. 180° Bend

i. General Features

In order to inject the beam into an area of the P.S.R. where the fiT func-
tion is suitably large, it proved necessary to bend the beam 180° from the
linac axis and inject on the far side of the ring. The bend also serves to
deflect the beam upwards towards the plane of the ring.

The 18CP Bend consists of two identical 90° cells. The phase advance
across each cell is L<p = 180°, and the transfer matrix for each cell is -I. The
transfer matrix across the 180° Bend is therefore simply unity (if all ele-
ments were coplanar), between points located about 16.5 cm in front of the
first quadrupole of the Bend and 16.5 cm after the final quadrupole. These
two points, between which the transfer is unity, are referred to as the "con-
jugate points" of the Injection Beamline. Optically, therefore, we have a
situation equivalent to coupling the Telescope directly to the second conju-
gate point, thereby foreshortening the distance between the Telescope and
the injection point.

The region between the two 90° cells is free of angular dispersion, while
the linear dispersion is about 2.3 cm/% in the horizontal plane. A set of
high-power adjustable horizontal-defining slits is located here to control the
injected energy spread to less than 0.30% full width, (i.e., we have an injec-
tion "spectrometer") and to control the injected current during P.S.R. tun-
ing. A set of vertical-defining slits is also located here, and serves as a pro-
tection collirnator for the remainder of the Injection Beamline.

While the first 90° cell lies in the horizontal plane, the second ceil in fact
is rotated 8.2° about the centerline at the juncture of the t*.vo cells. There-
fore, at the end of the 180° Bend the beam is vertically displaced 350 mm
above the linac plane, is situated below the injection a:;:a, and is directed
8.2° above the horizontal. (The injection septum magneLs deflect downwards
a total angle of 8.23, putting the beam finally in a horizontal trajectory.)
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The 8.21° rotation of the second cell disturbs slightly the unit transform
between the conjugate points and produces a small mixing of the x and y
phase spaces of the beam. Potentially a serious problem here is the result-
ing introduction of some linear dispersion into the vertical direction (-0.33
cm/%). The disposition and geometry of the two injection septum magnets
were chosen to nearly cancel this dispersion at the injection point: the resi-
dual is only -0.10 cm/% and harmless for beam total energy spreads of 0.3%
or less. A far more annoying problem is the angular dispersion introduced
by the septum magnets themselves, as discussed in Section "Septum Mag-
nets".

A very strong constraint on the design of the 180° Bend and the septum
magnets is the requirement for the beam to clear the outer rim of the P.S.R.
quadrupole Q2D-54. Therefore, the whole beamline following the Telescope
was designed as a unit. This led to a final rotation angle of 8.2°, and deter-
mined the ultimate vertical disposition of the ring plane relative to the linac
plane (824.7 mm).

ii. Cell Design

Each 90° cell is optically of the form

Qi Q2 D Q3 D Q2 Qi

where Q = quadrupole and D = dipole. Quadrupoles Qi and Q3 have identical
pole-tip fields (i.e., equal excitation currents), and are focussing in the hor-
izontal plane, while Q2 is defoeussing. A symmetry plane bisects Q3.

The dipoles are uniform-field magnets (n = 0) with parallel entrance and
exit pole faces. The deflecting angle of each dipole is 45°, so the pole-face
rotation (or focussing angle) is 22.5° at each virtual field boundary. These
magnets are of the "C-type", with bending radii of 0.80 m, and in order to
minimize their size and cost, a pole gap of only 35 mm was chosen. The
rather confined layout means the field index kj (TRANSPORT version) must
be controlled to kj = 0.5 - 0.6 and the virtual field boundaries should be
parallel to roughly 0.5°, hence field clamps were specified.

The system will not be perfect, so some flexibility has been built into the
cells. Errors in the pole-face rotations, kj-values and to a limited extent
shifts in the virtual field boundaries can be accommodated by uncoupling
the quadrupoles so that we have 3 "knobs"; Q2, Q2 and Q3. Accordingly, each
magnetic element is driven by its own power supply.

iii. Synchrotron light and E.C.S. Spectrometer

The second dipole of the first 90° cell is provided with a synchrotrcn-light
port, which can be used to monitor the beam stability and quality in the 100°
Bend area. The beam profile at this monitor will be typically 2.5-3 mm in
vertical extent, and 5 mm in horizontal extent (for a 0.20% spectrum, total
width). The dispersion here is about 0.8 cm/%.

The phase advance from the middle of the center quadrupole (i.e., Q«) to
the location of the horizontal-defining slits betvreen the t:"o cells, Is .•!.<;•; = %".
Thus, an angular kick to the beam at ilia center quad vrill Irr.nsiale into a
lateral kick at the slits, with no angular change. Oseillaling Soaring cells
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STR4 placed on each side of the center quad will sweep the beam across the
slits and the transmitted current as monitored in Tune-line 2 (see Tune-line
2) gives a direct measure of the energy spectrum. This device -would be use-
ful for tuning the E.C.S. to the optimum energy spectrum. The relation
between the angular kick of the coils and energy scan is

± 1 mr corresponds to ± 0.2% AE/E.

Parallel-to-point imaging can be established at the slits by using the first
two quadrupoles of the Telescope as a focussing lens (D,F) in a doublet mode,
with the same polarities, and roughly the same field strengths, as in the nor-
mal Telescope mode. The third and fourth quads would be turned com-
pletely off.

An alternative to the above E.C.S. spectrometer can be provided by the
entire first cell of the Bend. If the fields of the whole cell are varied slightly
and in direct proportion, the effect is to sweep the beam laterally across the
slits. The relation between the percentage change in the excitation currents
and the energy scan is

± 0.5% AI/I corresponds to ± 0.5% AE/E.

e. Tune-line 2

A second tuneup line extends from the slit location in the 180° Bend to a
terminal point 4.70 m away. As in Time-line 1, this terminal point is
equipped with a flying-wire profile monitor, and is nearly optically equivalent
to the injection point of the P.S.R. This line is equipped with a ferrite
transformer current monitor, and serves as a dump-line when the first half
of the 180° Bend is being used as an E.C.S. spectrometer. However, its pri-
mary function is to facilitate tuning of the quads and dipoles in the first cell
(obviously the second cell is shut down while this line is being used). When
cell-1 is properly tuned, exactly the same beam characteristics in the verti-
cal plane must appear at the terminus of Tune-line 2 as existed at the ter-
minus of Tune-line 1. The situation in the horizontal plane is not so straight-
forward, due to the finite dispersion. Once the first cell is properly adjusted,
the magnets in cell-2 would then presumably be driven to the same fields.

f. Ramp

The Ramp is the region connecting the 180° Bend to the injection septum
magnets. It is a rather congested area containing, in the order listed:

i. a T.V. view screen at the 2nd conjugate point,

ii. a horizontal-defining adjustable slit,

iii. a non-intercepting r.f. cavity position monitor,

iv, a ferrite transformer current monitor (toroid),

v. the first of three flying-wire profile monitors.

There are also t'wo steering coils:

STR 5 - near the conjugate point
STR 6 - near ths flying-wire monitor.
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The adjustable slit was put in as a protection device. It will be completely-
shut and serve simply as a beam dump when the 18Cf Bend is being tuned.
During normal P.S.R. operation the slit will be opened slightly and will res-
trict the horizontal excursions of the beam further downstream.

The view screen at the 2nd conjugate point is useful for checking the opti-
cal properties of the 180° Bend. Recall that steering coil STR3 is located at
the 1st conjugate point, near the entrance to the Bend. Because of the
(nearly) unity transformation between the conjugate points, a horizontal or
vertical angular deflection from STR3 must have absolutely no visual effect
on the beam spot displayed on the view screen. The same applies to varia-
tion of the slit apertures in the Bend, aside from a change in luminosity.
Finally, the view screen provides visual evidence that the beam is on-axis at
the Bend exit. (If it is not on axis, provision has been made to steer it there
via correcting coil STR4.)

The non-intercepting position monitor ensures that the beam in the Ramp
area is stable. This is important since position oscillations of a few tenths of
a millimeter are sufficient to spoil the y-emittance of the extracted beam by
50-100%.

The beam center-line into the septum magnets is denned by the fiducial
on the view screen, by the non-intercepting position monitor, and by the
flying wire monitor.

g. Septum Magnets

The final stages of the Injection Beamline are the two septum magnets
providing downward deflections of 6.1° and 2.1° respectively, and these put
the beam on a horizontal trajectory.

The 6-degree septum is 0.5 m in length and the 2-degree septum is 1.0 m
long. The latter has a thin (1.2 mm) current sheet as the septum-plane
since the circulating beam in the ring is only 15 mm above the magnet optic
axis at the magnet exit. The aperture of the 2-degree septum is small, about
12 mm wide x 18 mm deep. Careful alignment of the beam in the Ramp area
is therefore extremely crucial. The aperture of the 6-degree septum is
somewhat larger, about 22 mm x 50 mm inside its vacuum chamber. The
magnetic fields, at 300 MeV, are 2150 gauss and 360 gauss respectively in the
6.1 and 2.1 degree magnets. Both elements have been designed to minimize
the stray magnetic field in the region of the circulating beam in the ring.

The spatial constraints imposed on the design of the 2-degree septum
magnet by the proximity of the circulating beam are rather tight, not only in
the vertical direction, but also horizontally. Consider a 2-turn injection
mode. At the end of the first and second passes around the ring, the beam is
only about 12 mm horizontally from the tail of the beam still in the septum
magnet. Therefore, the side wall of the magnet yoke must be very thin, a
few millimeters at most, near the circulating beam. Between the 2nd and
3rd passss, the fast closed-orbit kickers drive the beam up towards the
closed orbit, otherwise it would collide with the septum on the 3rd pass.

Alignment of the beam throush ths septum magnets will be assisted by
the 3 flying-wire profile monitors which will also function as position moni-
tors. These monitors, as mentioned in Section "Telescope", are located
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roughly 2.4 m on either side of the injection point, and at the injection point.
The first monitor is situated about 27 cm before the first (6-degree) septum.
For tune-up purposes, a retractable beam-stopper located just beyond the
final monitor will prevent the beam from passing further down the ring, i.e.,
it is a move able beam dump.

The septum magnets cancel the linear dispersion in the vertical plane
that was introduced by the 180° Bend (Section "General Features") but they
generate a vertical angular dispersion of 1.5 mr/% at the injection point,
and there appears to be no way to reduce it, considering the already
cramped geometry.

The effect of this dispersion on a beam of finite energy spread is to pro-
duce a sort of halo on the circulating beam in the P.S.R., and this tends to
degrade the emittance of the beam during extraction. In quantitative
terms, if the emittance of the beam entering the Injection Beamline is e0

and the extracted emittance is e, the following are observed as a function of
the total energy spread:

~ ~ % £ - mm.mr

0
0.10
0.20
0.30
0.40

0.30 = e0

0.31
0.34
0.39
0.47

One sees that the quality of the extracted beam deteriorates rather quickly
for spectra wider than 0.30%.

h. Steering Coils STR5 and STK6

The coordinates of the beam at the injection point of the P.S.R. were
tabulated in the Introduction under subsection (b). The beamline described
so far would place the beam at the correct position (x = -10 mm, y = -15
mm) but the trajectory angles in both planes would be zero. In principle,
the correct angles could be matched by rotating the septum magnets
slightly around their optic axes. Instead, we have opted for vertically-
aligned magnets, and have chosen to match, the angles by means of the two
steering coils STR5 and STR6 located on the Ramp. Each coil has x and y
deflection, and the maximum deflection required at 300 MeV is about 3 mr.

The adjustments of STR5 and STR6 are rather critical. For example, if the
pair is mistuned such that the beam at injection is in error in the vertical
plane by 1 mm or 0.5 mr, the emittance of the beam extracted from the
P.S.R. would deteriorate by factors of 3 and 5, respectively.

i. Steering Coils STK3 and CTE4

Alignment of the beam in the Ramp area is accomplished by the steering
coils STR3 and STR4. To repeat, their locations are

STR3 - at the first conjugate point of the V6<f Bend.

STR4 - brackets the center quadrupole of the first 90° cell.
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The unit STR4 also doubles as the oscillating sweeper in the E.C.S. Spectrom-
eter (Section "Synchrotron Light and E.C.S. Spectrometer")- Each unit
incorporates both x and y deflections.

The locations of these elements were chosen such that we would have
independent angular and translational control at the exit of the ISO0 Bend,
at the 2nd conjugate point. Specifically,

STR3 - changes the beam angle at C.P.2 but does not displace it;
STR4 - changes the beam position at C.P.2, but does not change the angle.

Since STR3 is an even-multiple of IT/ 2 in phase advance from the 2nd conju-
gate point, an angular kick from STR3 can only influence the beam angle. On
the other hand, STR4 is an odd-multiple of rr/2 from the 2nd conjugate
point, hence the angular kick from STR4 cannot affect the angular disposi-
tion of the beam at the exit, it can only displace it parallel to itself.

3. Present Status of the Injection Beamline

The four quadrupoles of the Telescope, and the two dipoles and five qua-
drupoles of the first 9(f cell have been installed and carefully aligned. The
stainless steel beam line has also been installed, up to the end of the first
cell, and has been vacuum tested. The cosine-dip ole type steering coils
STR1-4 (see Fig. IV. 1) are now on the beamline, and the synchrotron-light
port in the second dipole is operational. The visual monitors in the auxiliary
channels Tuneline 1 and Tuneline 2 are in place, however the wire-scanner
profile monitors, which are essential for fine tuning the 18(f Bend magnets,
are still in the test phase. The Emittance monitor, which also relies on the
wire-scanners, remains to be tested.

If the present schedule is maintained, live beam will be delivered to the
end of Tuneline 2 by the middle of November, 1985, and this will give us the
opportunity to test the tune up procedure for the first 8flP cell.

The magnets of the second 9Cf cell have been positioned on their strong-
back, and aligned. This cell must be rotated 3.2° around the beamline before
testing of the first cell can proceed.

Both septum magnets (ref. Section "Septum Magnets") have been con-
structed and tested.

C. Injection Kickers
C. B. iigley

The reference design and major component selection for the electrostatic
injection kickers and high voltage power supplies has been completed.

The mechanical layout is relatively simple and compact, being hard
mounted to the PSR beamline. The kickers, spaced 17.5 meters apart, each
consist of two parallel plates mounted inside a grounded bo.:: \,7ig. IV.*). Th?
plates are driven symmetrically about ground to as high as 40 kV, providing
a pulsed electrostatic deflection field. Pulse risetim.es are approximately 1.5
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microseconds, flat topped to 0.1 percent for 1 microsecond, with falltimes of
10 ns. Fall time jitter is expected to be about 5 ns. With relatively short fall
times and trigger jitters, the amount of Tforst case beam disturbance will
only affect about 10 ns RMS of the injected beam (a few percent).

The electrical layout for the pulsed power supplies consists of a charging
triode connected to each plate, and a crowbar thyratron shunted across
each kicker, (see Fig. IV.3). Operation consists of setting the proper high
voltage levels, gating the triodes and waiting for the voltage values to stabil-
ize on the plates. The beam may then be injected into the ring. The rapid
discharging of the kicker capacitance when the thyratrons are fired ensures
a very short fall time, and prevents the bulk of the circulating beam from
seeing any differential field between the kickers. Ancillary trigger genera-
tors, power supplies, filament power, etc., will'be provided within the faraday
cabinets or floor mounted enclosures provided for each kicker assembly.
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D. Ring Simulations

L. 0. Dallin

Simulations of processes in the ring continued over the last year in
several areas. The 1/2 integer resonance extraction process was investi-
gated and the 1/3 integer extraction1^ continued in an effort to reduce the
horizontal emittance of the extracted beam. The effects of possible
misalignments of the ring elements were studied and a scheme devised to
correct the ring closed orbit. Extraction simulations were done for a ring
with misalignments and orbit correctors to check the quality of the duty fac-
tor, energy spread and both horizontal and vertical emittances for a less
than ideal ring. The effect of the transverse modes of the ring RF cavity was
also examined. During this time the design of the electrostatic extraction
septum was finalized. It is now on the drawing board.

The 1/2 integer extraction process was investigated with hopes that this
technique might possibly produce a smaller horizontal emittance, ex, than
the 1/3 integer extraction studied earlier. The results however indicate that
1/2 integer extraction is comparable in every way to 1/3 integer extraction.
That is, although the 1/2 integer technique produces as good Duty Factor
(>50%) and low energy spread (^ ±0.01%) no significant improvement in e,
could be achieved. At injection 1/2 integer offers some improvement in
clearing the septum but this is offset by the necessity of reducing the input
pulse length by one third. In light of these results the 1 /3 integer extraction
will be employed.

The emittance of the extracted beam has been reduced by a factor of two
in the last year and now ranges from 0.2 to 0.7 (7r)mm-mrad from. 150 to 300
MeV. (See Fig. IV.4) These values were achieved by optimizing the beam at
injection so as to produce a minimum area of the annulus of the hollow beam
in horizontal phase space as shown in Fig. IV.5. As well it is necessary, when
using RF, to keep the bucket well away from the region of unstable motion
(Fig. IV.6) so that particles undergoing synchrotron motion are not oscillat-
ing between stable and unstable motion which tends to enlarge the effective
area of the phase space annulus. Keeping the bucket away from the
unstable region also serves to minimize the energy spread of the extracted
beam which is now <0.7xl0~4 for all energies. Results are summarized in
Table IV. 1.
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TABLE IV. 1
Summary of Extraction Simulation Results

Energy (MeV) 150 200 200 300 300
• Syn Syn VM Syn VM
i/T 0.3033 0.3033 0.2933 0.3033 0.2933

ex (mm-mrad)
x0 (mm)
x'o (mrad)
ax

fix
Eout (MeV)
<5out(FWHM)
DF

0.21
-30.2
5.20
2.24
10.0
149.76
0.8X10"4

0.76

0.26
-30.5
5.28
2.24
10.0
199.67
0.8xl0"4

0.35

0.33
-30.6
5.35
2.24
10.0
199.54
O.SxlO"4

0.58

0.60
-31.1
5.55
2.24
10.0
299.49
1.4xlO~4

0.11

0.70
-31.1
5.58
2.24
10.0
299.29
1.4xl0"4

0.44
septum hits 2.5% 2.0% 1.9% 2.2% 1.1%

* Syn: Synchrotron extraction
VM: RF extraction with voltage modulation

The rotational alignment tolerances with respect to the beam axis have
been investigated2^ for the ring quadrupole magnets. Although small errors
(up to 0.1°) in the rotational alignment of these elements produce no
significant change in the ring tunes, i/x and u7, such errors couple the hor-
izontal (x) and vertical (y) motions of particles and produce oscillations in
the magnitude of the vertical emittance. The purpose of this study was to
determine alignment tolerances that would yield an acceptable vertical
emittance.

Various schemes for locating position monitors (PM) and orbit correctors
(OC) in the ring have been investigated3^ and a final setup chosen. The OC's
are necessary to compensate for possible alignment errors in the installa-
tion of the ring elements. Possible misalignments were not expected to be
greater than ±0.3mm at the entrance and exit points in the transverse
direction while longitudinally misalignments up to ± 1.0 mm and ± 1.0 mrad
could be expected. In addition to the existing ring elements 24 OC's and 10
PM's will be required. With these the 8 bend dipoles will be used as horizon-
tal correctors and 6 of the dipole synchrotron light ports will be used as
correction position monitors. With corrections the closed orbit can be esta-
blished with an RMS deviation of less than 1.0 mm from an ideal lattice. This
can be accomplished with correction kicks of less than 0.5 mrad in the
straight sections and 1.0 mrad in the bend regions.

Extraction simulations with a ring including misalignments and OC's
revealed that the duty factor, energy spread and both horizontal and verti-
cal emittances are virtually unchanged from the ideal ring. It is necessary,
however, to both inject and extract with respect to the closed orbit of the
perturbed ring.

A small transverse accelerating mode was introduced into the EROS RF
cavity to study4) what frequencies would be a problem in terms of causing
the beam, emittance in the ring to increase. The study reveals that the
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frequency of the unwanted radial mode is most destructive when it is equal
to a multiple of the ring revolution frequency plus or minus the ring tune.
As well destructive resonances exist at what appears to be harmonics
related to these frequencies.
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E. Extraction Septum

D. H. Skopik, C. B. rigley and L. O. Ballin

The electrostatic extraction septum design has been finalised and is
based upon the septum design for H~ extraction at TRIUHF1 .̂ The septum
will be 0.5 meters long with a field gradient of 50 kvolts/cm over a 2.0 cm
gap. The septum cathode will consist of molybdenum strips 50 microns
thick and 0.5 cm wide spaced 0.21 cm apart. With proper clamping at each
end POISSON calculations show that the field leaking into the region of the
beam closed orbit presents no problem although the closed orbit should be
established with the septum on to account for the minor kicks involved.
Four sets of three strips each will be insulated to serve as current monitors
for measuring the flux of extracted particles on the septum.
References

[1] M. Zach et al, IEEE Trans. Nucl. Sci., NS-32, 3042 (1935)

F. I&agRF
T. P. Dielschneider andH. S. Caplan

The necessity of an RF system was established early in the project. How-
ever, the past year has seen a radical change in the concept for the
accelerating structure. Once a frequency of 2856 MHz was decided upon and
the cavity voltage had been fixed at 45 kV, design work began on a standing
wave accelerating structure. Unfortunately, technical problems arose, pri-
marily beam loading and heat dissipation, which made this structure unat-
tractive. This prompted a change to a travelling wave structure as sug-
gested by J. Haimson of Haimson Research Corporation. A travelling wave
structure provides a natural solution to the heat dissipation problems as
unused RF is absorbed in a dummy load. Beam loading effects are also
reduced. The contract for the construction of the accelerating structure
was awarded in April.

The travelling wave structure now under construction is interesting in
that the phase velocity of the RF wave is less than the speed of light. Hence,
the phase of the RF slips with respect to the electrons. This reduces the
effective beam loading in much the same way non-resonant operation of a
standing wave cavity does. Details of the theory of the operation of the trav-
elling wave structure may be found in Technical Memorandum
EROS/TM/PSR/RF/04.

After the concept for the accelerating structure was finalized, a study was
undertaken to determine how much RF power would be required. Figure IV.~
shows the results of the study. In this diagram, the power as a function of
current is plotted for three different cavity voltages. Forty-live kilovolU is.
the voltage needed to safely trap all of the particles at 300 lueV vrilh l.'uo
expected parameters of the injected beam. For 500 ma, about 10 ]-.ilo-r .̂'.L-
of power is needed. However, the required cavity voltog.3 is a strong uiuctija
of the input energy spread of the beam. If energy defining slits are used on
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the energy compressor or the injection line, the injected energy spread is
reduced hence lowering the cavity voltage requirements and dramatically
reducing the RF power required. This is shown in the figure with the cavity
voltage now at 12.5 kV.

So far, only storage mode operation has been discussed. Simulations
have shown that pulse stretcher operation requires a cavity voltage of 20 kV.
Power requirements for this voltage are indicated by the third curve in Fig.
IV. 7.
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The results of the power study indicate that 10 kilowatts of power is
needed for storage operation (in which the final design current of 500 ma is
stored), and 5 kilowatts to run the pulse stretcher with an optimum
extracted beam. Unfortunately, the only CW klystron commercially available
at 2856 MHz is rated at 1 kilowatt. This falls far short of the required power
for the ring. Custom building has been investigated but is an expensive
option with delivery times longer than the project can tolerate. An interim
solution was chosen. The output of two 1 kilowatt klystrons will be combined
to yield a total power of 2.5 kilowatts. (Each klystron is capable of slightly
more than 1 kilowatt when optimized for a given frequency). Figure IV.8
shows a schematic of the transmitter concept. The output of the klystrons
is combined in a Magic Tee. This allows the output power to be controlled
simply by shifting the phase of one klystron with respect to the other. When
the klystrons are in phase, all power is presented to the structure. When
anti-phased, power is dissipated in a dummy load. This method of amplitude
modulation is very stable as the klystrons run fully saturated at all times.

The dashed line in Fig. IV.? indicates the 2.5 kilowatt power level. Circu-
lating currents of 300 ma should be attainable in both stretcher and storage
mode. The RF system is expected to be fully commissioned by March 1986.
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Figure IY.3
Conceptual Transmitter Design
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G. Instabilities

R. V. Servronckx

Possible instabilities of EROS in pulse stretcher and storage modes were
reexamined this year with the use of the program BBI (Bunched Beam Insta-
bilities). Most instabilities will not interfere with the normal operation of
EROS. Transverse narrow band instabilities originating from the RF cavity
could prevent satisfactory operation at high current in PSR mode: their des-
tructive effects can be avoided by proper design of the cavity. The contrac-
tor (Haimson) has been informed of the results of this study.

1. Basic Results

a. Under normal operation (200 mA PSR mode, 10 mA SR mode) the neu-
tralisation condition requires a vacuum in the range 10~9 Torr.

b. The Touschek effect time constant is of the order of seconds in PSR
mode.

c. The coherent Laslett tune shifts stay below 10~2 and can be compensated
by quadrupole settings. The incoherent Laslett tune shifts vary between
10~4 and 10~2 depending on momentum. The incoherent tune shifts pro-
vide adequate Landau damping of most transverse modes.

d. The longitudinal resistive wall instability has a rise time that is well
above the PSR cycle time.

2. Broad Band and Narrow Band Instabilities

These instabilities were studied with the program BBI. The following input
values were used.
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Machine parameters:
Average radius 17.17 m.
Curvature radius 1 m
Momentum compaction -0.048
Tunes 4.3 and 4.8
Relative chromaticities -3.5 and 0

Vacuum chamber parameters:
Width 10 cm
Height 9 and 5 cm
Resistivity 0.72 10"6

Beam parameters:
Energy 100 - 300 MeV
Revolution frequency 2.78 MHz
Intensity 200 mA, 10 or 2 mA
Emittances 0.3 lO"5, 0.3 10"6 m-rad
Energy spectrum 0.6 10~3 or 1 10~3

Bunch length 2, 6 or 8 cm

RF parameters:
Frequency 2856 MHz
Q factor 10000
Loaded Q factor 2000
Longitudinal impedance 12 Mft
Loaded impedance 1.2 Mfl

Wide band resonator parameters:
The wide band resonator representing
the beam pipe and other accessories
has the approximate parameter values:

Frequency 10 GHz
Q factor 1
Impedance 10000 Q

a. Broad Band Instability Results

All multibunch modes associated to the broad band oscillator are stable,
damped or Landau damped.
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b. Narrow Band Instability Eesult3

i. Longitudinal Multibunch. Instabilities

The critical parameters whose values determine whether troublesome
instabilities will be Landau damped are:

Spectrum trE/E chosen values 0.06% and
0.1%

Longitudinal impedance of chosen values 12 MQ and 6 Mfl
main resonator Zi

Synchrotron tune spread chosen values 0.5 and 0.1
6us/ i/s

All non stable modes are Landau damped if the following conditions are
satisfied:

= 0.1
Z! = 12 Iffl
6vs/ vs = any value

or

<TE/ E = 0.06
Zi = 6 MO
6us/vs = 0.5

ii. Transverse Multibunch Instabilities

The critical parameters whose values determine whether the narrow band
modes are Landau damped are the Q factor, the transverse impedance Zper
and the incoherent tune shifts. The latter are determined by the lattice
structure and the pipe configuration.

It was found that a quality factor of 25000 and an associated transverse
impedance of 28 Mfl/m gave rise to many unstable modes. A quality factor
of 2500 and Zper of 2.8 Mfi gave marginally stable results. It was decided to
require that the transverse modes excitable in the cavity have a transverse
impedance not greater that 1 MQ/m.

The contractor has indicated tentatively that this requirement can be
met.

3. Conclusion

All instabilities that could be detrimental to both modes of operation of
EROS can be damped or Landau damped with a proper choice of the ring
parameters. The main unknown variables are those associated to the RF
cavity. When the cavity structure lias undergone its final brazing (by end of
November 1905), the frequencies, quality factors and impedances of the
modes that can be excited in the cavity will be measured. An assessment of
the quality of the actual cavity will then be performed using the program
BBI.
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H. Beam Monitors

H. S. Caplan, T. P. Dielscaneider and C. B. Figley

The beam monitors used in the laboratory are summarized in Table IV.2.

TABLE W.2
Beam monitors used in the laboratory

Name
Toroid

Pop-up viewers

Synch light

Spill

NIKHEF
Strip lines

Turn viewers

SLAC

Wire scanners

Thermocouple

Function
Pulsed beam,
current
Beam position
& shape
Beam position
& shape
Detect beam
impingement
Beam position
Beam position
& current
Beam position
& shape
Beam position
& current
Beam position
& profile
Detect beam
impingement

Principle
Magnetic
induction
Scintillator

Synch light

Ionization

RF phase
RF amplitude

Scintillator

RF amplitude

Secondary
emission
Temperature
rise

Where used
Accelerator &
beam lines
Accelerator &
beam lines
ECS, beam
lines 8c ring
Everywhere

Injection line
Ring

Ring

Ring run outs

Beam lines

Everywhere

Int.
N

Y

N

N

N
N

Y

N

~Y

N

No.
10

12

12

?

2
10

6

2

10

?

Status
Operational

Operational

Operational

Development

Operational
Development

Design

Operational

Development

Operational

Of these the Synchrotron Light, Turn Viewers and Strip Lines are of particu-
lar relevance to the ring and are discussed here.

1. Synchrotron Light Monitors

There are eight synchrotron light ports, one on each dipole magnet, on
the two ends of the ring. Each has a periscope and can be equipped with an
ordinary TV camera. In addition we will obtain two gated TV cameras capa-
ble of taking a snapshot of one turn of the beam (300 ns). This pair can be
used on separate ports for phase space measurement or on one port with
the use of a light beam splitter to check successive turns to set up the injec-
tion.

2. The Turn Viewers

These are beam intercepting A12O3 screens for setting up the ring as a
beam line. However the horizontal tune of the machine is close to the one
third integer resonance and with the normal off axis injection there are
places in the ring where the first three turns are well separated horizontally.
The turn viewers are located at these places and each can be positioned to
intercept the first, second or third turn only. This implies that for commis-
sioning the ring the beam can be threaded three times round the ring as a
beam line before non-intercepting monitors need be used.
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3. The Strip Lines

More development work has gone into these than all the others combined.
They consist of four 3A/4 antennae parallel to the beam. The 235S MHz sig-
nals from opposing pairs of antennae are compared in amplitude and phase
to obtain the position signal. Prototypes have been tested on the bench
using a matched 50fl coaxial line to simulate the beam.

While some mechanical details wait to be determined the main uncer-
tainty remains the electronics. First the monitors must operate both in a
pulsed mode or a CW mode. Each of these modes seems to require its own
set of electronics. Next is the question of where to multiplex the ten moni-
tors which are only required two at a time. Finally there is a fundamental
physical problem which is not being forgotten. Our ring has the unique com-
bination of a high RF frequency and a large diameter beam pipe. This
implies that the beam pipe can transmit the fundamental RF frequency 2856
MHz as a waveguide and give spurious signals to the strip line monitors.

These monitors double as tune detectors in storage ring mode. Here the
signal from a single antennae is detected and fed to a spectrum analyser.
This measures the frequency domain response corresponding to a pulsed
perturbation.

I. Extraction Beamline

J. C. Bergstrom

1. Introduction

Extraction from the P.S.R. is initiated when the circulating beam is
moved toward the 1/3 integer resonance. The horizontal betatron oscilla-
tions then become unstable, growing in amplitude until the beam is inter-
cepted by the long electrostatic extraction septum. The septum slices the
beam like a knife and shifts the thin "peel" away from the central orbit of
the storage ring. This extracted part of the beam subsequently moves into a
magnetic chicane, which displaces it both horizontally inward and vertically
downward until it connects with the beamline entering the switchyard. In
essence, the extraction chicane is a parallel-to-parallel transformation with
an offset of about 1.5 m, with the plane of the transformation tilted 31°
about a line colinear with the linac axis. The chicane is nearly achromatic in
both the horizontal and vertical planes.

Besides functioning as an optical connector, the chicane will provide a
couple of other useful services. About 2% of the circulating beam in the
P.S.R. will collide with the metal plane of the electrostatic septum, and this
creates a halo around the extracted beam. Collimators placed at strategic
locations in the chicane will reduce the halo before the beam enters the
switchyard. Also, some control or restriction of the beam emittance lcllo-.r-
ing extraction is necessary for those experiments demanding hi^h beam
quality. Such control is afforded by a set of high-power adjustable slits
situated within the chicane.
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2. Optical Design

If no restrictions exist on available space or the number of optical ele-
ments to be employed, it is not difficult to design a parallel-to-parallel
transform which is both totally achromatic and completely passive, i.e., the
transfer matrices are unity. In our case, space is at a premium, so we opted
for a minimal design compatible with the requirements of downstream sys-
tems like the Photon Tagger beamline and the dispersion chicane of the
main experimental hall.

Our situation is complicated by the fact that an intrinsic asymmetry
exists between the entrance and exit of the chicane. After passing through
the electrostatic septum, which deflects the beam horizontally by 3.3 mm,
the beam passes off-axis through a main ring quadrupole, then through a
horizontal magnetic septum where it suffers a further deflection of 0.72°. It
then passes through a tilted septum magnet, is deflected 6.6° in the plane of
the tilt, and moves down a quadrupole channel. The bottom dipole is also
tilted and returns the beam to a line parallel with the P.S.R. axis. The asym-
metry is sufficient to introduce some dispersion in the plane perpendicular
to the chicane. In other words, an achromatic system requires a minimum
of 4 quadrupoles in the long channel between the 6.f? septum magnet and
the bottom dipole. However, we will have only two "knobs", since the qua-
drupoles are arranged as two symmetric doublets on either side of a
conveniently-chosen reference point, in the optical configuration Fj D2 D2 Fj.
Incidentally, the horizontal axes of the quadrupoles are aligned with the
laboratory frame of reference, not with the tilted frame.

Since the dispersion functions (R1S and R36 in TRANSPORT terminology)
vanish midway between the doublets, and since the y-plane functions R33 and
R34 are negligible there as well, introducing a quadrupole at that point will
give us control over the x-plane optics without disturbing either the
achromatic conditions or the y-plane optics. For example, with this quadru-
pole we may set R2i = 0 at the chicane exit, or R n = 0 or R13 = 0. This extra
degree of freedom allows one to fine-tune the Photon Tagger beamline for
high-resolution and polarized photon experiments.

The proximity of nearby walls, etc., requires the doublets to be placed in
less than ideal locations relative to the dipoles, and as a result a small
amount of angular dispersion remains at the chicane exit. The energy spec-
trum of the extracted beam is sufficiently narrow (Ap/p < 0.1%), however,
that the effects are negligible.

The sine and cosine-like functions for the chicane are illustrated in Fig.
IV.9, where the origin has been chosen at the entrance to the electrostatic
septum and the central quadrupole has been tuned to give R2i = 0 at the
exit. Notice that the x-plane functions are small near quadrupoles Q̂  and Q,i.
This is a definite convenience when it comes to the practical matter of actu-
ally tuning the chicane to the desired achromatic condition. For example, if
all quadrupoles are roughly set to say ivilliiii 5% of th^ir "correct" values,
and the 6.5° septum magnet and final dipole are oscillated in -Lr^iigUi, Lha
emerging beam will likavriae oscillate along the transverse :< and y axes.
Only when Qi and Q5 are correctly set (recall they ara coupled elements) will
the x-plane motion cease, signalling achromaticity in x. One now tunes Q3
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and Q4, which are also coupled elements, until motion along y stops. This
adjustment has minimal effect on the x-plane achromaticity in view of the
weak coupling of the x-plane functions to Q2 and Q4.

Another aspect revealed by Fig. FV.9 is the absence of any erratic
behavior by the transfer functions, that is they all lie within reasonable
bounds, so massaging of the beam by the chicane is relatively gentle. The
actual beam envelope depends somewhat on the P.S.R. chromaticity, but
even under the most extreme situations the envelope diameter does not
exceed 10 mm.

The final geometry of the quadrupole channel is also displayed in Fig. IV.9.
The asymmetric positioning of the quadrupoles with respect to the adjacent
dipoles is evident: Q3 is 0.50 m from the midpoint.

3. Present 5tatus

(i) Electrostatic Septum

This will be 500 mm in length, with a 20 mm gap between the cathode and
anode planes. Maximum field gradient is 50 kv/cm. We have opted for a sep-
tum plane (the cathode) constructed of parallel molybdenum strips 50ju
thick and 5 mm wide, spaced 2.1 mm. Four segments of the cathode, equally
spaced along the septum, will be electrically isolated to permit continuous
monitoring of secondary emission current. Alignment of the septum will be
done remotely, guided by the secondary emission.

(ii) Magnetic Septum Magnets: 0.7° and 6.6°

These are similar to the injection septum magnets, but detailing has not
started.

(iii) Quadrupole Channel and Bottom Dipole

The quadrupoles are 150 mm long with aperture radii of 40 mm. Two
identical quadrupoles, in a doublet configuration, will also be used in the
Tagger beamline. The dipole is 500 mm long, with a gap of 50 mm. Bend
angle is 7.91° and the pole-face rotation angle is 0° with respect to the
entrance and exit beam.

As with all magnets of the EROS project, each element of the chicane will
be driven by its own power supply.

An R.F.P. for 7 quadrupoles and 1 dipole, and associated power supplies,
has been sent to various manufacturers. Delivery is anticipated in midsum-
mer 1986.

4. Halo CoUimators

Deterioration of beam quality, especially in the Photon Tagger area, from
the halo generated by the electrostatic septum has long been of concern to
us. However, recent estimates of the energy and angular distributions of the
scattered electrons, together with collimator studies using TURTLE, now lead
us to believe the surviving halo will be very small.

A rough model of the halo has been constructed using a simple Gaussian
approximation to the Moliere scattering theory. The model considers a
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semi-infinite sheet of metal (the septum) to be uniformly illuminated along
one edge by an electron beam directed parallel to the plane of the sheet, in
other words we assume the sheet thickness to be much less than the length
of edge struck by the beam (a good approximation in our case). The calcula-
tion further assumes the Gaussian width i?o *s a linear function of the
amount of material between the point of impact on the edge, and the point
at which a straight-line trajectory would emerge from the surface of the
sheet. Finally, the energy loss of the electron is taken to be a linear func-
tion of the length of that straight trajectory.

Usually one is only interested in those scattered electrons which have lost
an amount of energy less than some cutoff, i.e.,

AE = 0 to AE'mu-

is useful to define a path length tn^ , in units of radiation lengths, by

Jmax

(dE/dx)LB

where dE/dx is the total rate of energy loss (i.e., MeV/cm) and LR is the
number of cm per radiation length. Furthermore, let

w = sheet thickness in radiation lengths,
No = number of electrons striking the edge,
a = 20/ EHev

where EyeV is the incident electron energy in MeV, and "a" is unitless. A
straightforward calculation then gives the number of electrons which scatter
into the differential cone angle i? -• i? + di?, on one side of the sheet :

(i)

2N0

rrwa a2tmax

(ii)

2Nr
E,

wa"

In the above, E^z) is the Exponential Integral (see, e.g., Abramowitz and
Stegun, Handbook of Mathematical Functions).
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Our model assumption of an infinitely long edge gives rise to a rather
peculiar normalization for the above equations. Thus, if one lets AEmax -» °°
and integrates over i?, one obtains

Urn f
AT

instead of NQ/ 2 as intuition would suggest. The model is (erroneously) say-
ing one-third scatter left, one-third scatter right, and one-third continue
migrating inside the sheet. Since we are only seeking an order-of-magnitude
estimate of the halo, this deficiency will be ignored. A more serious error is
our neglect of shower buildup.

A histogram of the energy distribution in a given angular range can be
created by calculating n(i?)di? for 2 cutoffs, AEm^ (1) and AEma, (2), and sub-
tracting the results.

The preceding theory was applied to a molybdenum sheet SO/u, thick, the
thickness of the proposed electrostatic septum and we used LR = 0.98 cm.
Perhaps the most surprising result (to us at least; it may be obvious to oth-
ers) was that the angular distribution peaked at a rather large angle i?, and
not in a more forward direction. This is illustrated in Fig. IV. 10, where we
have plotted histograms of n(i?)di? integrated over 2 mr bins for AEma3t -* °°
and No = 1. The area under each curve, therefore, is 1/3 when the abscissa
units are ignored. For the highest incident energy the peak occurs near iJ =
20 mr, and shifts to larger angles with decreasing incident energy. The peak
shifts to lower angles as the Z of the septum is reduced; for an aluminum
septum at 300 MeV it occurs near 1? = 10 mr.

These conclusions have not yet been confirmed by a more realistic calcu-
lation, for example of the EGS type, nevertheless we will assume they are at
least qualitatively correct. The philosophy of collimator design and location
is then clear: one must eliminate the large lobes in Fig. IV. 10 as early as pos-
sible in the extraction chicane, and restrict the acceptance angle i?max to a
few mr as subtended at the septum entrance. The actual choice of collima-
tor aperture was based on TURTLE studies, in view of the various optical ele-
ments between the electrostatic septum and possible collimator positions.
Furthermore, it is necessary to optimize the collimator aperture in order to
give the main beam plenty of room to manoeuver. One could drastically
enhance the halo if a slight steering error causes the beam to brush against
the collimator.

Three fixed collimators will be employed. Their location and apertures
are as follows:

Coll. 1 - Preceding the 0.72° magnetic septum. Circular dia. = 17 mm.
Coll. 2 - Preceding the 6.6° septum. Circular dia. = 22 mm.
Coll. 3 - About 800 mm before quadrupole Qj. Rectangular 24 x 18 mm.

The third unit will be about 200 mm in length, and besides cleaning up the
multiply-scattered particles from the preceding collimators, it will help to
isolate the high vacuum of the P.S.R. from the poorer quality vacuums in the
chicane and switchyard. The apertures of the first and second collimators
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also minimize the amount of scattering from the septum magnet vacuum
chambers.

The acceptance angle of the first collimator is

.« 3 mr .

About 1/2 of the halo transmitted by collimator 1 will survive past collimator
3.

The fraction Pj of electrons scattered by the electrostatic septum which
survive the first collimator is roughly

3mr

P , « / n(<l5>)dtf (&Emex "» - ) •
0

Our simple model gives the following Pj as a function of the incident beam
energy:

300 1.6X10"3

200 7.9X10"4

100 2.4X10"4

Considering that about 2% of the extracted beam collides with the septum,
the fraction of the extracted beam contained in the halo after the 3rd colli-
mator is roughly 2x10~5, at 300 MeV.

The degraded energy of the scattered particles means some collisions will
inevitably occur with the vacuum chambers of the septum magnets and qua-
drupole channel. Studies show that the majority of collisions will occur with
the beam-pipe near the 4'th and 5'th quadrupoles. Again assuming a 2% loss
on the electrostatic septum, we estimate the fraction of extracted beam
that collides with the pipe to be roughly 5xlO~?.

There are actually two more collimators in the system which we have not
yet mentioned. These are the adjustable x and y slits to control the beam
emittance, and are discussed in the next section. They will further reduce
the halo that has managed to survive past collimator 3. As a worst-case
scenario, suppose these slits are essentially fully opened, well away from the
main beam. The apertures so defined are a mm across. When the energy
spectrum of electrons scattered by the electrostatic septum is taken into
account, plus the dispersion at the location of the adjustable slits, we reach
the following conclusion:

The fraction of the extracted beam (300 MeV) which survives the whole
chicane in the form of a halo is about 2x 10~3.

To put this in perspective, suppose the extracted current is 10 ;j.a. The
current in the halo would be 2*10"° /x a. Even if our estimates are low by an
order of magnitude, the halo current is negligible.
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5. Emittance-Control Slits

Small steering errors, etc., in the injection beamline and in the P.S.R.
itself can cause emittance growth in the extracted beam relative to the
injected emittance, therefore it seemed prudent to include adjustable colli-
mators, or slits, in the chicane in order to delimit the emittance beiore the
beam is delivered to the experimental areas.

"Where such slits should be located is a matter of judgment. If the vertical
emittance grows because the beam size at the electrostatic septum has
increased, the slits should be positioned where R33 is large. On the other
hand, if the beam phase-space ellipse simply expands without changing
shape (i.e., the ay and 0y functions do not change), the slits should be
located where 0y of the chicane is largest. Usually these two options are
mutually incompatible. Considering the optics of the P.S.R., we deemed the
2nd possibility to be the more likely, and therefore have situated the x and y
slits where /Sx and |Sy are near their maximum values, consistent with the
spatial requirements.

The beam envelope and 0-function are related by

where IT ex and n ey are the horizontal and vertical emittances., respectively.
The slit aperture, therefore, varies as the square root of the emittance.

Emittance control in the chicane is made difficult by the fact that the
beam never gets very large, that is /Sx and /Sy are fairly small everywhere.
The y and x slits will be located directly after quadrupoles Q4 and Q5 respec-
tively, and even here the beam is only about 4 mm in diameter for the nomi-
nal ernittances ex = 0.7, ey = 0.3 mm-mr. To reduce either emittance by half
means the slits must close by only about 1.2 mm.

The slits and their drives and read-outs will be identical to units already
in place at the end of the linac, and in the E.C.S. They are tungsten-
sheathed copper jaws about 12 cm long and water cooled, having been
designed to dissipate up to 30 kw of beam power.
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Figure IV.9
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J. Alignment Procedure

S. E. Broughton. P. Freimanis, H. Purdie and D. H. Skopik

In order to proceed with installing the injection system, it was necessary
to establish the centreline of the P.S.R. in order that cross references could
be made to ensure the correct connection of the two systems. Due to the
inherent problems associated with the initial and future alignment of equip-
ment contained within the BTL, INJ/EXT, and PSR systems, a formal pro-
cedure has been set forth.

Prior to any such procedures the positional accuracies of components
must be known. These have been specified by R. Servranckx and are shown
in Fig. IV. 11. For all components, the parameter set for linear measurement
accuracies up to 50 meters is ±0.5 mm. "Bruker", the manufacturers of the
PSR/INJ magnets have stated that i) their magnets are ±0.03 mm between
mechanical and magnetic centres, ii) tolerances on magnet ilducials are
±0.02 mm. The physical nature of various pieces of equipment such as the
dipole and quadrupole magnets have dictated to some extent what alignment
agendum is to be followed. Although optically aligned systems have proven
themselves successful in many applications, it was felt that an additional
laser measurement system would greatly enhance the EROS alignment work.
While each approach has distinctive advantages, together they provide an
independent cross check. The initial requirements of optical alignment are:

i. to establish the existing accelerator centre line,

ii. to locate the corner points of the PSR where monuments which are used
for instruments and targets are to be installed,

iii. to locate and mount required secondary reference fiducials.

These additional fiducials are to be used for installing components by using
offset measurements.

The objectives of employing the laser for alignment are:
i. quick and easy establishment of a reference line for component installa-

tion,

ii. independent check of results against those found optically.

Utilizing targets (i.e., mounted on magnet fiducials, Fig. IV. 12), each
method allows for autocollimation which would eliminate pitch and yaw while
roll is eliminated with a master level and/or "Wild" precision level. Distance
measurements are to be made using a precision tape specifically calibrated
at the dimensions of the ring matrix. Subsequently, support structures have
had to be designed and constructed which would facilitate quick and simple
alignment while still providing the required positional accuracies (e.g., Fi.5.
IV. 13). The next step was a detailed design of the F5R alignment pedestals,
optical sight support and target and laser carriages. Four pedestals ore
required in order to establish a laser reference Una en vhich to he..:,; the
PSR magnet alignment (Fig. IV. 14). Thesa will be pernian^utly located in
each corner of the rectangle which defines the rin,j boundaries. Thi adjust-
ment fixture on each pedestal is designed to acc2pt the necessary alignment
instrument supports and also permit tromboning of the ring. These fixture
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plates carry two sets of fiducial pins aligned at 90° to one another at a com-
mon master pin which establishes the ring corner. Laser cube and target
carriages (Fig. IV. 12) are oriented on the set of pins which establish the
required grid line. Along with the fiducial pins they form an integrated and
complete alignment system.

Previously, only one precision instrument, a Wild T-2 Universal theodolite
was in house. The obtainable accuracy over the 50 meter base line of the
PSR with a Wild T-2 theodolite is ±0.19 mm. With the Wild T-3 precision theo-
dolite and Wild N-3 precision level accuracies of ±0.12 mm and ±0.06 mm
respectively can be attained. While the plane of the PSR can be sloped,
tilted or skewed, it can not be warped by more than 0.1 mm across the
corners. Only the Wild N-3 precision level will provide this degree of accu-
racy. After deliberation between various linac and DSMA-ATCON personnel, it
was decided that a Wild N-3 precision theodolite and Optikon laser system
should be purchased (March/85 and April/35 respectively). An additional
Wild N-3 precision level and T-3 precision theodolite have been obtained from
the University's civil engineering college.

In early July, 1985, H. Purdie and C. Figley visited the Stanford Linear
Accelerator Center in order to review alignment methods and procedures
with Bill Doser and others. Acting on their recommendations, additional
consultation was solicited from J. M. Rueger and E. G. Anderson of the
University of Calgary. They visited SAL on September 23, 1985. A formal
report outlining their recommendations is still outstanding at this time.

For the interim, a satisfactory procedure similar to that initially pro-
posed was considered suitable which is summarized as follows:

A. Set up master pins in pedestals from wall fiducials, optically, and dis-
tance measuring with calibrated tape.

B. The master pins network will realize the matrix rectangle in plan and set
the correct reference elevation of same.

C. The laser unit will be mounted behind the Datum master pin and the tar-
get set on the distant pin of the long leg. The laser unit will be adjusted
to output the same x.y displacement off the target at both the distant
master pin and the Datum master pin, thus establishing a straight line to
position components.

D. The target will then be positioned on the opposite to Datum corner and
at the distant corner set the cube until the target read out is the same
x,y as in C above, thus establishing the distant right angle line at the
correct distance.

E. Repeat D with the cube in the Datum and the target at the near corner,
thus establishing the near right angle line at the correct distance.

F. D and E will be iterated with laser unit behind the distant master pin in
order to minimize tolerance discrepancies.

G. The whole process is repeated "mirror image-wise" starting at the oppo-
site corner to Datum.
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H. The 45° corners will be established by distance measurement of adjacent
legs and a laser line established for component placement.

I. The initial alignment will be prior to vacuum pipe installation in the
straight legs and will include optical autocciiimaiion of pole place tar-
gets as a means of verification of flducials accuracy correlated with laser
target.

In conclusion, the above-mentioned procedure has been vindicated as
presently indicated by the injection system installation.
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QUAD/QUAD-SEXTUPOLE
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Figure W.12
Laser Target and Carriage

Figure IY. 13
Quad/Quad-Sex and Laser Target
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MONUMENT AND ALIGNMENT FIXTURE
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V. MAGNETIC SPECTSQMBTERS

A. The Photon Tagging Spectrometer

D. IS. Skopik and R. E. Pjrwell

The proposal for a tagged photon beam facility which was submitted to
the Natural Sciences and Engineering Research Council was funded in March
1985. The design of the photon tagging spectrometer was then finalised and
a request for proposal sent to prospective manufacturers.

Several alternative designs to the original "Clam Shell" were studied with
a view to obtaining the best possible performance within the financial con-
straints of the grant. Space restrictions imposed by the only viable location
(the forward neutron cell) for the tagger also were important in deciding
upon the Clam Shell. Eventually a design very similar to our first effort was
decided upon. This magnet is heavier than that originally estimated. It has
a smaller solid angle acceptance, which does not significantly decrease the
tagging efficiency. This compromise was necessary in order not to make the
spectrometer even heavier. The tagger will now lie on its side, which allows
more room for the focal plane detector system and also allows the uncon-
verted electrons to be dumped far away from the detector systems (see Fig.
V.I).

The major characteristics of the photon tagger are summarised below.
The spectrometer is illustrated in Figs. V.2 and V.3.

Specifications of the Spectrometer

The spectrometer is of the so-called "Clam Shell" type. It is a single
non-uniform field dipole, having pole faces that are tilted planes forming a
wedge shaped gap region, with a total bend angle of 110° on the central ray.
The magnetic characteristics are:

Momentum acceptance

Solid angle acceptance 0
Angular acceptance:

<Po
i?o

Dispersion
Magnification
First order optics:

Radial plane
Axial plane

Maximum momentum

££-±40%
p_

~ 8 msr
± 50 mrad
± 50 mrad
w 1 cm/%
BS — 1

Point-to-point
Parallel-to-point
200 MeV/c at 12.5 kgauss (central ray)

A request for proposal (SAL-RFP-396-01) was prepared based on this
design. At the t ime of writing the replies, from three rnanuiactursrs , are
being considered.

A specific concern at the present t ime is due to the shape of the magnet.
The " t i p " of the dipole (the point furthest from the beam entrance point)
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Trill tend to move under vacuum and magnetic forces. This degrades the uni-
formity of the magnetic field between the pole faces. The inclusion of
spacers in the region is to be avoided since the high electron flux in this
region will make a large amount of background radiation. One solution being
considered is to install Purcell gaps between the pole pieces and the yoke.
This will reduce the deformation of the pole pieces if the yokes are free to
move relative to them. The pole pieces will still have to be supported against
vacuum forces and the remaining magnetic forces due to the nonuniformity
of the field. This problem is now being considered.
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EFFECTIVE FIELD
BOUNDARY LINES
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100 GAP.

SECTION A-A
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B. The QDD Spectrometer

R. E. Pywell

1. Introduction

In the last annual report the requirements of a spectrometer for this
laboratory were discussed and a design meeting these requirements was
presented. This was a QDD (Quadrupole-Dipole-Dipole) spectrometer with a
120° total bend angle. This design required that the existing experimental
hall be modified, in order to accommodate the spectrometer, by lowering
the floor of the experimental hall by 2.2 metres. This posed some installa-
tion problems which put certain requirements on the layout of the spec-
trometer (detailed in the last annual report) that the 120° design could not
meet.

These requirements were met with a QDD spectrometer having a 130°
total bend angle and optical properties similar to that of the 120° QDD
design. The major characteristics of this design are summarized below.

2. The QDD Spectrometer

Characteristics
Bend radius
Bend angle (2 x 65°)
Momentum acceptance Ap/p
Solid angle acceptance Q
Angular acceptance

- vertical direction v>o
- horizontal direction i?o

Dispersion D, <x 16>
Magnification M, <x | x>

-thusD/M
First order optics

- radial plane
- axial plane

Maximum momentum
Shape of focal plane
Length of focal plane
Focal plane angle
Angles of incidence on detector
Energy resolution at 14.6 kgauss

Quadrupole Parameters

0.80 m
13CP total
± 5%
22.4 msr

± 80 mrad
± 80 mrad
3.84 cm/%
-0.493
-7.79 cm/%

point-to-point
par allel-to-p oint

with intermediate cross-over
350 MeV/c at 14.6 kgauss
flat
60 cm
49° to optic axis
39-59°
~10"4

Effective length 40 cm
Iron length 35 cm
Aperture radius 11 cm
Multi-pole magnetic field components Quadrupole

along vertical axis at Hexspole
aperture radius of 11 cm Octupole
(for 14.6 kgauss in dipoles) Decapcis

Dodecapole

icgauss
-S.315 kgauss
1.060
0.408
0.210
0.044

kgauss
kgauss
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Dipole D-l Parameters

Total bend angle 65°
Entrance shim angle -5.(f
Exit shim angle 27.5°
Pole gap 11.0 cm ± 10
Purcell gaps 0.50 cm
Magnetic field at Po = 350 MeV/c 14.6 kG
Field homogeneity - better than 1:2000 (for 5-14 kG)

Dipole D-2 Parameters

Total bend angle 65°
Entrance shim angle 34.16°
Exit shim angle 5.0°
Pole gap 11.0 cm ± 10/Cim
Purcell gaps 0.50 cm
Magnetic field at Po = 350 MeV/c 14.6 kG
Field homogeneity - better than 1:2000 (for 5-14 kG)

The spectrometer is designed to operate in the conventional as well as the
dispersed beam ("energy loss") mode.

The entrance and exit edges of both dipolas have Enge type Rogowski
profiles and are clamped with floating field clamps. Both dipoles have
entrance and exit effective field boundary that are contoured with polyno-
mial corrections up to order seven. A mirror plate is provided between the
quadrupole and the first dipole.

The two dipole magnets are excited by a single power supply with a trim
coil on one dipole driven by a separate trim power supply in order to balance
the magnetic field in the two dipoles. The quadrupole is driven by a separate
power supply. All power supplies are computer controllable and NMR mag-
netometers are provided on each dipole along with a Hall type magnetome-
ter on the quadrupole for monitoring the magnetic field.

The pole pieces of the dipoles form part of the vacuum chamber, the rest
of which is made of aluminium. The chamber is sealed against the poles with
neoprene 0-rings. There is a flexible joint between the two dipoles to allow
for alignment.

The focal plane is 60 cm long by 22 cm wide and is at an angle of 48. £f to
the central ray; i.e., it is 1.1° from the vertical. The focal plane is flat to
within 0.25 mm over the central 50 cm of its length. In order to measure the
scattering angle to an accuracy of ~1 mr, and in order to achieve the best
possible resolution it is necessary to measure accurately the position and
angles of the electrons as they strike the focal plane. Wire chamber detec-
tors are currently being designed by Curtis Figley to do this function.

A schematic of the QDD spectrometer is shown in Fig. V.4.
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Figure V.4
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3. Procurement
A request for proposed to supply the spectrometer and power supplies

(RFP-SAL-394-01) was prepared and sent to prospective manufacturers in
mid December 1984. Our consultant on spectrometers, Ingvar Blomqvist,
visited three of the companies in early January 1S85. His discussions with
them indicated a favourable response, however, they did raise one or two
questions about some details of the proposal. In the meantime a more
refined version of the spectrometer design had been developed with a flatter
focal plane. Also, the design of the field clamps had been changed, mainly
because of space restrictions. As well, a design study and estimate of the
experimental hall floor modifications had been carried out by Underwood
McLellan Ltd. and the space restrictions indicated by this study were also
taken into account.

The details of these changes to the design and answers to the manufac-
turers questions were incorporated in an Addendum to the Request for Pro-
posal which was sent in early February.

Replies to the RFP were received from three companies. The proposal
from Scanditronix Inc. was accepted. A procurement specification (PS-SAL-
394-01) was then prepared in consultation with Scanditronix and was signed
in May 1985. Following discussions with Scanditronix some modifications to
the original design presented in the RFP have been made. These changes
are mainly concerned with the engineering layout and do not affect the
optics of the spectrometer. In particular the design of the quadrupole has
undergone a major change.

Delivery of the spectrometer is expected in September 1986; installation
and commissioning should be completed in March 1987.

4. The HEPL Spectrometer
The QDD spectrometer is designed so that it may be used as the electron

arm of a coincidence pair of spectrometers. The other (hadron) arm must
have, large solid angle acceptance and reasonably large momentum accep-
tance for coincidence measurements, good resolution (~10~3) and be able to
accept particles of high momentum in order that hadrons of reasonably high
energy may be detected.

It was originally planned that, in the initial years of operation after the
EROS project was completed, a modified version of the existing 110° spec-
trometer would be used as the hadron arm. Another hope was that two
identical QDD spectrometers might be purchased however financial con-
straints removed that possibility. In August 1985 a second hand high
momentum, high acceptance spectrometer was procured, at shipping cost
alone, from the former High Energy Physics Laboratory (HEPL) at Stanford
University.

This spectrometer consists of a single (n = 0) dipole Trith a 90° bend an^le
and a radius of curvature of 111.7 cm. The spectrometer £3 it sLva.ls hau a
solid angle acceptance of a msr, momentum resolution of ~10~3 and momen-
tum acceptance of ±5%. The speetroxnaier was originally designed lo have a
maximum momentum capability of 725 MeV/c. However, due to Las large
amount of power required to drive the magnet to this high field, it is
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intended to run this spectrometer at a maximum momentum of 350 MeV/c
(~63 MeV proton energy).

The optics of this spectrometer is good in the radial (bend) plane but not
in the axial plane. Therefore if we wish to measure scattering angles the
spectrometer cannot be used just as it is. One option is to make a complete
field map of the magnet as it is and make "software" corrections by raytrac-
ing to obtain the required information. This relies on the ability to accu-
rately measure the positions and angles of the particles at the focal plane.
Another possibility is to modify-the spectrometer with the addition of one or
two quadrupoles and/or remachining the entrance and exit pole edges of the
dipole in order to improve the optics. These options are now being con-
sidered.
5. Spectrometer Supports
S. E. Broughton, D. C. Ferguson. P. PVeimanis and H. Purdie

In order to provide adequate headroom for the QDD Spectrometer without
compromising the design of the spectrometer itself, the foundations have
been lowered to sit in a 2.2 meter deep "pit". Consulting engineers had
already advised that new foundations would be necessary, since the existing
experimental room floor was not adequate to support the loads involved.

The spectrometer supplier has provided appropriate cut outs in the side
yokes of dipole 1 to allow forward and backward angles of 2Cf from the beam
line. This 2Cf to 16CP positioning required around the scatter chamber
center, along with the positional tolerances specified, set the minimum
design parameters for the spectrometer mount.

With the inclusion of the HEPL Spectrometer the original design concept
of a full circle track was confirmed. The original design concept with a cen-
tral bearing and two 2-wheel bogeys on the circular rail fell somewhat short
in adjustment features as well as giving rise to concern for rail damage from
the wheels. Benefiting from recent technology in machine design, the
bogeys were replaced with Linear Motion Bearing Plates and machinery lev-
eling jacks were incorporated for adjustment.

To summarize the QDD Spectrometer (and a similar unit will be used for
the HEPL Spectrometer) is mounted as follows:

A structural platform mounts centrally on a bearing pedestal. The outer
perimeter is mounted on the circular support rail on two linear motion bear-
ing plates. A horizontally adjustable plate sits onto the structural platform
via three linear motion bearing plates and the yoke of Dl is supported off
this horizontal plate by three machinery leveling jacks. The quadrupole sits
on the front jack support; D2, detectors and shielding support off Dl. The
platform is driven around the rail by a variable speed DC motor throuch a
gearbox and pinion of! a machined rack mounted on the cutside ol the rail.

A schematic view of the spectrometer supports is shovm in Fig. V.4.
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6. The Scattering Chamber

N. G. "Videla

A preliminary design of a new scattering chamber will be presented in the
near future. The main features of this design are:

1. Sliding foils in both sides of the chamber. These sliding foils will permit
movement of the spectrometers in the range of IS3 to 17Cf (approxi-
mately) with respect to the target located in the center of the chamber.

2. A target ladder with a viewing screen and a capacity for up to 10 targets,
some of which may be gas cells. The target ladder will be moved up and
down to position the corresponding target into the beam and it is
intended to install a small motor to allow a rotation of the target ladder
in the horizontal plane. In this design it will be possible to maintain the
target ladder under vacuum at all times.

There are still a few problems that need to be solved like, for example,
how to join the sliding foil to the arm of the spectrometer. However we
believe that these types of problems will be solved before the end of the
year.
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"VI. COMPUTER AND CONTROL SYSTEMS

Doug Murray

A. Introduction

This has been a great year for all of us involved with computing systems
in the Lab. The quality and reliability of the computing systems have
increased dramatically in 1985, but work is continuing in many applications.
The central Lab computer has been upgraded, and several new software
packages have been installed. Two smaller VAX computers have been pur-
chasad to handle accelerator control and data acquisition. The structure of
computing in the Lab is shown in Fig. VI. 1.

The people involved with computing systems at the Lab in 1985 included:

H. Buchmann
C. Figley
M. Hinds
D. Murray
E. Norum
S. Pywell
A. Wilson

Three major applications of computers hi the Lab will be discussed in this
chapter; General Computing, Accelerator Control Systems, and Data Acquisi-
tion and Analysis Systems.

B. General Computing

1. Hartbrare

In February of 1985, the VAX-11/780 computer was upgraded to an VAX-
11/785. No changes to the existing software were required, and the system
has proven to be especially reliable. Indeed, the largest amount of system
non-availability for the users has been during file backup times.

The main memory size of the VAX-11/785 has been increased from 2
megabytes to 8 megabytes, to ease the system paging activity on our disk
drive. The current configuration of the VAX-11/785 includes a single RAQ1
disk drive, and a TU80 tape drive unit. More external storage space may be
added in 1986. The current system configuration includes:
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VAX-1 i /780

t LJ

MicroVax II
Data Acquisition

Campus
Network

VAX-11/750

LJ LSI-11/21
Protection

Camac Serial System
5 Mbyte/sec

PIgureVI.l
Structure of Laboratory Computing

VAX-11/785 CPU
Floating Point Accelerator
8Mb (million bytes) Main Memory
456Mb Disk Drive
1600 BPI (bytes per inch) Tape Drive
10 Mbit/second Ethernet Interface
Versatec Electrostatic Printer/Plotter
40 Terminal Ports
Ethernet hardware has been ordered which will allow high speed commun-

ication between computers. Existing software will support the network,
which will connect the VAX-11/785 to a VAX-11/750 and at least one Micro-
VAX II. Smaller computers may also be connected in the future.

Through the generosity of the Computing Services Department on
campus, our VAX-11/785 computer will be included in a campus-wide
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Ethernet system. Such a system should be operational early in 1986. We are
currently communicating with other campus computer systems via 2400
baud terminal lines, and we also have access to DATAPAC, BITNET, and
USENET networks through a large central computer facility on campus.

A laser printer has been ordered, and will be used with existing software
to print the many technical reports and papers produced at the Lab.

2. Software

The problems encountered with Fortran on the system have been solved
for the time being, but we are still awaiting the announcement of a new For-
tran package from Digital Equipment Corporation. The new system, to be
used under UNIX, should be available early in 1886. The increased speed of
execution resulting from the upgrade to the VAX-11/785 CPU has helped the
situation. Many large Fortran programs have been successfully installed in
the system, and have been used extensively in design work for EROS. These
programs include:

automesh poisson
dimat raytrace
eepion transport
lattice turtle

urmel

Many other locally written utilities have been installed, such as software to
calculate electron beam energy loss through a variety of substances.

An accounting and budget forecast system was installed early in the year,
to assist the management of the EROS project. A larger and more flexible
general ledger system, to handle University research accounts, was
developed and installed later in the year. It allows general access to unres-
tricted information, such as the status of orders and supplier information.

A software package for cable management was installed this year, which
will keep records of all cabling and connections in the Lab. It is kept up to
date by the technicians who maintain the cables, and all users are allowed to
access the information.

Consideration is being given to purchasing mathematical software sup-
port libraries, such as IMSL, UNPACK, and so forth. Graphics support
software may be purchased in the future, but many of the packages are very
expensive. We are presently using DISSPLA software remotely, which exists
on the central campus computer. Although the package includes good sup-
port for contouring and 3D graphics, it is most often used in its capacity to
produce PERT and GANTT charts for project management.

Symbolic algebra systems, such as MACSYMA, may be installed later in
1985, if there are requests to do so. It is a large system, and already exists
on the central campus computer facility.
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C. Accelerator Control Systems
Successful operation of the EROS facility can only be done with a control

system that is easy to understand and use. The greatest effort with comput-
ing systems in 1985 has been with the accelerator control system. The first
important milestone was the instrumentation of equipment in the Energy
Compression System (ECS), in the late spring of 19S5. Although it is a
smaller component of the EROS project, the development of ECS control was
very important since it was the first system to be tested with the hardware
and software that had been developed at that time.

A temporary control program was written late last year to accomodate
ECS commissioning. It has given great insight into the problems that will be
faced when developing the final form of the software. It also gave the opera-
tors and technicians a better idea of what could be done with a modern con-
trol system.

Instrumentation of the injection beam line will be complete by December
of 1985, as will the framework for the actual control system.

1. System Philosophy

The control system will interface the user to EROS through several dis-
tinct but transparent layers, as shown in Fig. VI.2. 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 reasonable combination of outputs in any reasonable proportion. Furth-
ermore, an input may well be a reading from same type of beam monitor,
and the output be a display screen or printer. Software itself may be a rea-
sonable output, allowing the user to adjust some dial, and let simulation
software describe the probable effects of his or her action.

2. Hardware

The hardware layer is based on CAMAC for the most part, using a CAMAC
serial highway system. This allows distributed control of equipment, with
microprocessors and CAMAC modules placed in a loop. Diagnostic and test
instruments based on the IEEE-433 bus or RS-232 standards also exist.

Conceptually, the hardware is arranged in a hierarchy, with device con-
trollers and intelligent modules at the bottom. Microprocessors exist at the
next highest level, to monitor and record tha actions of specialized device
controllers, or to respond to critical real-time requirements. A larqer com-
puter, a VAX-11/750, e:-;isls at the top of the systara, acihij as arbitrator and
manager of the multiplexing actions that wera mentioned above. The VAX is
configured as follows:
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Command Layer

r ! ff
Access & Conversion

Device Servers
DATABASE

System Call Interface

T
Device Drivers

HARDWARE

Figure VI.2
Control System Layers

VAX-11/750 CPU
6Mb Main Memory
456Mb Disk Drive
1600 BPI Tape Drive
10 Mbit/second Ethernet Interface
5MHz Byte-serial CAMAC Serial Highway Driver
16 Terminal Ports

After arriving in January of 1985, the VAX was connected to the CAMAC serial
highway driver and has worked without fault since that time. By the end of
1985, there will be at least 8 CAMAC crates connected to the VAX Although
crates are located throughout ths Lab, the serial highire.v is Pb!e to run at
5Mb per second. All CAMAC serial highway cable is run through conduit, with
connection points at various locations throughout the building.
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A spare serial highway driver with very few crates attached to it will be
used for development and testing from the central VAX-11/785 system in the
Lab. Existing software on the VAX-11/750 will reside on the VAX-11/735; In
case of failure of the VAX-11/750, or some other such emergency, the
accelerator can be controlled by the VAX-11/705. The only actions to be
taken in such a situation include attaching the serial highway cable to the
VAX-11/785 and moving some terminal lines. Testing this backup system will
be done early in 1986 when the second serial highway driver is delivered.

3. Software

The layers of software which are furthest away from the user are the dev-
ice handler and database layers, which know the details of all equipment and
equipment groups. The device handler for the entire CAMAC system was
completed early in 1985, and is implemented in a unique way. Each module
in each crate of the CAMAC system has a corresponding "file" in the UNIX
file system on the VAX. Accessing such a file causes the corresponding
CAMAC module to be accessed. One feature of this implementation is that
many standard system utilities can access CAMAC modules.

The software layer which is closest to the user relies on all of the layers
below it 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.
As described below, software has been developed to "edit" images through
which the operators will control EROS.

A unique message-passing system has also been implemented as part of
UNIX. It has been implemented as a "pseudo-device", and is therefore port-
able to many UNIX systems as a device driver. It allows a client/server rela-
tionship to exist between processes in the control system. A server process
will exist for every major function in the system.

Closed loop control can be added to the system after experience is gained
with the machine's behavior. Such control 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,
which can "think" on a high level and not be concerned with details of the
equipment.

The software for all layers in the system is written in "C", a systems pro-
gramming language. Access will be made available to FORTRAN, PASCAL and
other languages.

As work proceeds on each of these specialized servers for the final form of
the system, the temporary control program will be used by the machine
operators. Many servers already exist, but the first usable version of the
control system will not be available until the end of 1G35.
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4. Console Layout

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

The user will also be able to 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 display or print values.
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 number may be displayed and continuously
updated, or a "meter" may be drawn to show the measurement and how it
changes. Bar graphs can be displayed, and recent histories or trends in
some part of the machine can be drawn.

Only one such display was purchased in 1985, to build a prototype. Many
of the types of displays mentioned above were tested with this unit, and
several more will be purchased early in 1986.

A graphics editor has been developed to handle the maintenance of
display stations in the control room. When equipment is physically added to
the accelerator, technicians will use this editor to add the element to a map,
and then to enter the essential information such as CAMAC crate number
and module number into the control database.

5. Real-time Response

Two different real-time requirements are placed on the control 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 accurate.

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 unac-
ceptable state, EROS is disabled, usually before the next injection of beam.

The user views this protection mechanism as a response by the control
system itself. A description of the problem is 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 himself.

A microprocessor in the hardware layer of the control system is responsi-
ble for this real-time reaction, and for nothing else. This sub-system has
been implemented, and work is proceeding on the Ia3̂ ers which depend on
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this protection processor. Several hundred inputs can affect the processor,
each causing immediate action. The mechanism is mostly interrupt driven,
so that polling of devices, one at a time, is only necessary for analog inputs,
such as temperatures.

The computers and important crates in the system will also cause an
immediate reaction, should one of them fail. A series of programmable con-
trollers give redundancy 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 computer is managing the flow of user requests, and co-ordinating
the equipment below it. 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 continuously 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 fifty and two-hundred milliseconds, which are reason-
able human response intervals. Display of regularly monitored values, or
values which the user specifically requests, will occur roughly every second,
or as fast as the "display" server accesses the appropriate values on the
VAX.

As indicated above, we are confident that all of the servers needed to
operate EROS will be in place by the end of 1985.

D. Data Acquisition and Analysis Systems
Because of the construction and project work, current versions of the on-

line analysis and acquisition software still remain on the PDP-11. As
described above, a new CAMAC software interface, quite different from the
one used on the PDP-11, has been developed.

A DEC MicroVax II was ordered in October of 1985. It will be used for the
initial software development, and will have a CAMAC interface. The initial
configuration of this system includes:

MicroVax II CPU
2Mb (million bytes) Main Memory
71Mb Disk Drive
95Mb/Lape Cartridge Tape Drive
10 Mbit/second Ethernet Interface
5 Terminal Ports

Although the first version of the system will not have a 9-track tape drive,
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there are plans to attach one in the future, after counting rates and other
details of various experiments have been decided. An Ethernet connection
will allow the MicroVax II to communicate with the other Lab computers, and
to transfer data.

The system was bought for the QDD fecal plane instrumentation but will
initially be tested with the photon tagger data acquisition. In this way work
can proceed on the necessary software for data capture and analysis, and
design work has already started, with the help of Mr. Brent Astley, from
Trent University. Experience is being gained with high level wire chamber
electronics and the type of interface that the experimenter will need.
Because UNIX is being used on all our computers, preliminary work on the
software has been started on smaller computers.

A more generalized and flexible system will eventually be developed,
which will ideally permit the experimenter to describe his experiment in a
very high level language.

Work will start on such a system in 1986.
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VII. SCEWTIFIC SESSASCH

A. Nuclear Science Research

1. Electroproduction of Rons from 3He

D. H. Skopik. M. 0. El-Ghossain et al.

The electropion production cross section is given by

For the inclusive reaction 3He(e,3H)e',7T+, the cross section is dominated by
the transverse structure function Wj, which has been calculated by Tiator
and Drechsel1^. Data on this reaction that we obtained by measuring the
recoil triton at a laboratory angle of 28.3 degrees show a dependence on the
incident electron energy which cannot be accounted for by theory (Fig.
VII. 1). After these data were analyzed and published one of the beam han-
dling magnets that was used in the experiment was found to have a number
of shorted coils. This has led us to remeasure these cross sections with an
entirely new beam transport system and a new energy compression system
which has decreased the background in the spectrometer used in the experi-
ment.

These data are currently being analyzed and will be used to extract the
transverse function for 3 < Et < 10 MeV. The preliminary analysis indicates
that the earlier data taken at an incident electron energy of 229 MeV should
be renormalized in order to compensate for the incorrect setting of the
beam handling system. The other two energies that were measured appear
to be correct and no adjustment in these energies is thought to be neces-
sary.

References

[1] L. Tiator and D. Drechsel, Nucl. Phys. A360, 206 (1981)
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B. Radiation Chemistry Research

1. Research frith the Pulse Radiolysia Facility
B. G. Eatoek. S. H. Lee, N. i. Njapba, T7. L. TTaits, C. Wett andK. J.

Owing to the modifications being carried out in the low energy room area
and to concerns with safety of personnel working in this area, the pulse
radiolysis group has not been able to use the facility during the last year and
a half. By contrast the aspects of the program involving theoretical calcula-
tions (X-alpha and Ab initio SCF MO methods) have continued to progress,
and several topics of direct interest to the experimental part have been
investigated. These topics include theoretical investigations into the reac-
tions of hydroxyl radical with several important biological molecules (imida-
zole and cytosine) and into the absorption spectra of platinum(III) chloride
ions. These latter species are transitory entities that can be formed and
characterized in the pulse radiolysis of platinum compounds. The results
from the theoretical calculations on the platinum(III) species suggested
several important avenues to be explored experimentally. To undertake this
as soon as possible, W. L. Waltz spent six weeks this last summer as a guest
scientist in the Bereich Strahlenchemie Sector of the Hahn-Meitner Institute
(West Berlin) using their pulse radiolysis facilities.

C. Theoretical Research
1. Trinucleon Properties
E. L. Tomusiak, M. Kimura, and Los Alam.cs Group

We are continuing our study of the magnetic propertie of 3He and 3H
within the context of traditional two-body force models and standard meson
exchange currents. Our summary of the magnetic moments has been com-
pleted. Table VII. 1 illustrates results for six different potential models with
binding energies ranging from 6.4 to S.5 MeV. The results do not depend
much on the binding energies and are within about 2% of the experimental
magnetic moments. The largest source of uncertainty in the present calcu-
lations is in the treatment of the A-isobar. Nearly all of the calculations for
the magnetic form, factors are complete. However the "true pion-exchange"
term has still to be calculated in a reliable fashion. We are currently work-
ing on this term.
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TABLEIVII.l
Summary of our magnetic moment calculations.

Entries are calculated using A = 5.8 mw.

Potential

RSCC
RSC
AV14
SSCC
TRS
MT13

Experiment

B.E. (MeV)

6.41
7.02
7.44
7.46
7.49
8.53

0.405
0.405
0.405
0.409
0.407
0.440

0.4257

-2.482
-2.496
-2.516
-2.515
-2.512
-2.453

2.5532

M3He)

-2.077
-2.091
-2.111
-2.105
-2.105
-2.013

-2.1275

M3H)

2.336
2.900
2.921
2.924
2.919
2.893

2.9789

2. A Study of the D(e,e'Tr+)nn Reaction

E. L. Tomu3iak, E. T. Dressier and J. P. HcTavish
A computer program which uses the Reid Soft Core potential has been

constructed to calculate cross sections for the above reaction. We are fixing
up some details of the various production amplitudes before any long com-
puter runs are initiated. Of special interest is the case when the pi-meson is
detected along the direction of the virtual photon. In this case it will be
experimentally possible to separate form factors arising from the axial
charge and axial currents.
3. Validity of the Hyperspherical Approximation
E. L. Tomusiak and Los Alamos Group

We have investigated the validity of the hyperspherical approximation to
estimate expectation values of two body operators. This work arose from
some recent papers which invoke this approximation in order to calculate
the probability that two nucleons in a nucleus are within 1 Fm of each other.
With this number the authors are able to make a statement on the probabil-
ity of finding 6-quark bags within a nucleus. We used our "exact" three
nucleon wave functions to test the validity of the approximation. Although
the results at 1 Fm are not too inaccurate we found that the accuracy drops
rapidly for separations less than this.
4. Properties of the Fion Electroproduction Operator
E. T. Dressier and E. L. Tomusiak

The properties of the pion electroproduction process are being con-
sidered for production from jH and |He. Under investigation are the effects
of the various terms and approximations in the electroproduction ampli-
tude. As an example, the effects of keeping terms to order (P/3.I) vs the
(P/M)^ approximation works well for the real photon process but io loLaliy
insufficient for the virtual photon case. Also invasU^aLacl o.rs tho euecU jf
the gauge corrections to the electroproduclion runplilud^. In U*i j . \ll.'i LI is
seen that these terms have a largo elfsct as the virLuc.l photon mo;i:o;;:.uni
gets large. This work is being extended to the cass of n''r production from
£He.
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5. Photonuclear Reactions Trith Tagged Fhetons

E. L. Tomusialr and E. T. Dressier

Preliminary work has been done on the investigation of photonuclear
processes using photons with a known energy and polarization. Of particular
interest is the sensitivity of the final state interaction and quasideuteron
effects to this polarized probe. This work is also being extended to the case
of polarized photons on polarized targets.

6. Hadron Structure and the Effect of Baryons on Nuclear Structure

H. A- Preston
Work has continued on various aspects of hadron structure and the effect

of baryons on nuclear structure. In particular extensive calculations have
been made to determine the extent to which excited states of nuclsons arc
predicted to be non-spherical and have rotational band structure. The
results of several models have been reported in two papers submitted for
publication. Some states do appear to be sufficiently distorted that they are
the base levels of rotational bands. Evidence has been found to support the
suggestion that gluons form bosons that are the basis of rotational spectra
in the 0++ meson levels. This conjecture has been submitted for publication.

Work continues on these problems and also on the baryonic components
of the wave functions of Li nuclei.

D. Research Performed at Other Laboratories

1. Ground State Ml Transition Strength of the 1.115 MeYLevel in 65Cu

C. Rangacharyulu Trith A. Kichtar's Group in Darmstadt
For the search for axions in the radioactive decay of 65Zn and to arrive at

the constraints on the axion mass, one requires a precise knowledge of the
ground state Ml transition strength of the 1.115 MeV level in 65Cu V. Several
attempts in the past, using various probes were not very successful due to
the presence of a strong E2 admixture. At Darmstadt we undertook (e,e()
measurements over large q range for low q values (q < 0.48 fm"1), and at
Saskatoon for high q values (q < 1.02 fin""1). Table VII.2 presents the results
of measurements. We have performed a combined analysis of the entire set
of data. Due to the small Ml component admixed Y/ith a strong E2 com-
ponent, it was not possible to arrive at the Ml strength in a model indepen-
dent way. We have, therefore, analysed the data in the framework cf model
calculations by Iiaxton2^ and Mueller et al3^. A consistent analysis cf the data
was possible with Haxton's calculations, when the aiYective charges are taken
to be 1.3 e. Figure VII.3 shows the data fit with Haxton's calculations. From
this analysis, we could deduce the B(E2,u)t = 0.1:2 ± 0.03 ,uN3. The L-.I1 width
is deduced to be T7(M1) = 1.0 ± 0.4 HeV.

The experimental Ml width corresponds to lees than 10% of the sir.jl; pro-
ton transition strength. As Eel. 2 employed the latter value for their evalua-
tion of the limits on the axion mass, their upper limit of 1 MeV for a:don
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mass is barely satisfied. Any future search for axions in this nucleus would
have to incorporate this correction. (In press, Phys. Rev. C.)
Eafereiicss

[1] P. Lehmann et al., Phys. Lett., 115B, 270 (1932)
[2] W. Haxton, private communication
[3] W. Mueller, private communication

TABLE VH.2
Kinematic conditions and the measured cross sections and

the form factors for G5Cu(e,e') populating
the 1.115 HeV level.

Nr.

1
2
3
4

6
7
8
9

10

11
12
13
14
15

Eo
(MeV)

24.6
29.6
29.8
31.4
34.7
41.5
43.6
48.2
48.2
49.1

74.2
107.0
107.0
109.0
140.0

(deg)

165
165
165
141
117
165
141
117
141
165

123
80
99

120
90

q
(fnT1)

(dcr/d
(fan8/

Darmstadt
0.247
0.297
0.298
0.298
0.298
0.413
0.413
0.413
0.455
0.483

1.237
1.572
1.730
9.580
2.930
2.093
1.366
3.763
1.224
1.769

Saskatoon
0.630
0.700
0.830
0.954
1.020

2.042
6.380
1.800
1.359
7.735

sr)

E-06
E-06
E-06
E-06
E-05
E-06
E-05
E-05
E-05
E-06

E-05
E-05
E-05
E-06
E-06

F 2

9.745
1.788
1.998
1.537
1.567
4.693
4.217
3.877
4.618
5.552

5.800
5.240
3.940
1.140
1.750

E-05
E-04
E-04
E-04
E-04
E-04
E-04
E-04
E-04
E-04

E-04
E-04
E-04
E-04
E-04

Error
%

28
11
5
3
1
2
2
1
1
3

5
3
3
5
4
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2. Search for T=2, J* =• 0+ level in ^AlCp,?) Reaction
C. Kangacharyulu and the group of C. St-Fierre of Laval University

It is intriguing to note that T=2 levels in self conjugate nuclei (A) are
more easily populated through alpha capture in the A-4 nuclei, rather than
the proton capture on the A-l nucleus. This feature, if quantitatively esta-
blished, will have a bearing on the isospin purity of the ground states of
even-even nuclei. The 15.23 MeV (J"" = 0+, T=2) level in 28Si was not observed
in the earlier search of Snover et al*\ whereas it was populated in the
ZiM.g(a,y) reaction. We started measurements with protons on aluminum
target to verify if this channel is indeed not accessible. Our preliminary
data show that this resonance, if excited, is rather weak in the (p,?) channel.
In the neighbourhood, we found a few sharp resonances with distinct decay
modes into gamma and inelastic channels. Further measurements will con-
tinue.

References

[1] K. Snover et al., Phys. Rev. Lett. 22, 239 (1969)

3. (e,e() Studies on 27A1

C. Rangacharyulu and the group of A. Eicater of Darmstadt

The studies on ^Al are of interest for several reasons:

1. In a simple minded picture, this nucleus is of a single proton hole in
ld5 / 2 shell. On the other hand, the levels exhibit large collective nature.

2. It helps provide the missing link of the systematics in ldg/2 shell, where
the orbital and spin current interference play a large role.

With these points of view, we have initiated low q high resolution measure-
ments at Darmstadt. We have obtained two spectra for Ee = 40 MeV and the
scattering angles 117 and 165 degrees for excitation regions between 6 and
10 MeV. Figure VII.4 shows the spectrum at 185 degrees, whsre several
strong transitions are clearly seen. Further measurements and data ana-
lyses are in progress.
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4. Cross Section Measurements using Quast-Monoenergetic Photons

R. E. Pywell et al.

The series of photoneutron and photoproton cross section measurements
on light nuclei that has been conducted by our collaboration over the past
years is now drawing to a close. The last of these experiments was per-
formed in July 1985.

These measurements have made use of quasi-monoenergetic photons pro-
duced by positron annihilation in flight using the 100 MeV Electron-Positron
Linear Accelerator at the Lawrence Livermore National Laboratory, and have
formed part of a systematic study of photonuclear reactions on light nuclei
at or near closed shells or subshells. This includes measurements on the
series of nuclei, 12C, 13C and 14C, 14N, 16O, 170 and 18O, and 26Si, 3SSi and 30Si.
The aim of these experiments is to study the effects on the giant dipole reso-
nance when one or two "valence" neutrons are added to a core from the
point of view of a weak coupling model for these additional neutrons, and
also to study the isospin properties of the major El states.

Recent work is summarized below.

(a) The Photoneutron Cross Sections for 14C.

R. E. Pywell, B. L. Berman, J. G. T7oodrrorth, J. IF. Jury. K. G. McNeill andM. N.
Thompson

This work, summarized in the 1984 annual report, has been finalized, a
manuscript was prepared and published in Physical Review C x\

(b) The Photoproton Cros3 Section of 170 and the (7,pn) Cross Section of 18O.

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

The data for both the 170(7,p) and the 180(y,np) experiments, collected
during the same experimental running period in late 1983, are in the final
stages of analysis by Doug Zubanov at the University of Melbourne, Australia.

(c) The Photoproton Cross Section of 14C

P. C-K. Kuo, B. L. Berman, J. W. Jury. K. G. McNeill. R. E. Fywell and H. N. Thomp-
son

This experiment was finally completed in July 1985 and was performed by
detecting the 0-decay electrons from the 14C(7,p) daughter 13B. The half-life
of this decay is ~17 ins and therefore counting between beam bursts of the
accelerator was possible. The sample available was approximately 9 g of ele-
mental carbon enriched in 14C to 84% by mass and therefore low count rates
were expected. Preliminary runs in November 1984 and May 1985 showed
count rates higher than expected and therefore it was deemed not neces-
sary to procure extra 14C (a great cost saving), however the count rates were
still not large. Special precautions and safety procedures were required due
to the radioactive nature of the 14C sample. The /3-decay electrons have
energies up to 13.4 MeV and were detected using two large Nal crystals. The
13C(7,p)12B yield was measured concurrently using the same experimental
arrangement in order to provide a means of fixing the 14C(7,p) cress section
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scale. This is possible since i2B j3 decay electrons also have energies up to
-13.4 MeV.

The analysis of the data obtained in the three week running period in July
1985 is currently being done by Peter Kuo at Trent University, Ontario.

References

[1] R. E. Pywell, B. L. Berman, J. G. Woodworth, J. W. Jury, K. G. McNeill and
M. N. Thompson. Phys. Rev. C 32, 384 (1985)

5. Electron Scattering from the Triton

D. M. Skopik. H. S. Caplan. G. A. Ketzlaff et al.

We have published1^ results of our collaboration with the Bates accelera-
tor laboratory on the charge and magnetic form factors of the triton meas-
ured using TiT targets. The plan to extend this work using a T2-gas target
has been upstaged by Frois et al.2^ at Saclay. Thus the present plans call
also for inelastic measurements and these are expected to begin in
December 1985.

[1] D. H. Beck et al., Phys. Rev. C30, 1403-1408 (1984)

[2] B. Frois et al., private communication •-

E. Conference Reports

1. Tagger Miniconference

C. Rangacharyulu

a. Introduction

With the photon tagging facility for the EROS project at our Laboratory
showing healthy progress, it was considered timely that the community of
physicists with immediate interest in this system get together to plan the
future. As a result, a mini-workshop was organized during July 29-30, 1985.
This workshop was attended by about 15 physicists from across Canada and
Dr. B. Mecking from CEBAF.

As the agenda for the workshop shows, the presentations and the discus-
sions centered around the physics and practical aspects of the immediate
experimental programme with the tagger facility. The first day of the meet-
ing served to define the initial experiments and assess the technical feasibil-
ity. In view of the physics merits, it was clear that few body photodisintegra-
tion studies would receive the highest priority. It is heartening to note that
the groups feel confident that the experimental setups would be ready when
the tagged photon beams become avaikble, in approximately a year's Vme
and that many long standing ambiguities in the photodisintegration data can
be resolved.

Dr. John Cameron has indicated that his groups from. Alberta T\rculd be
interested in studies with polarized deuterium targets. In the following talk,
Dr. Bernhard Mecking gave quite a few helpful tips for experiments with the
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tagger. Dr. George Lolos described the available particle detectors, that
could be usefully employed in the initial stages. Dr. Jim Jury presented the
progress on the data acquisition systems to date and gave an overview of the
software and hardware. Dr. Ed Dressier concentrated on the theoretical
considerations of polarization aspects, while Dr. ?vTalter del Bianco addressed
experimental aspects. The kinematical considerations were dealt with by Dr.
Juhachi Asai. Dr. Dennis Skopik brought the community up to date on the
status of the tagger. It was anticipated that the tagger would be available by
late fall 1986.

In addition to the initial experimental program, the long range plans for
the tagger were also discussed. Projects on photopion production, photon
scattering and the emission of correlated nucleon pairs in photoreactions
were considered.

The second day of the meeting was concerned with the organizational
aspects of the groups. A users' group was formed with initial membership
comprising all the participants. Dr. del Bianco was unanimously chosen as
the chairman of the group. Physicists interested in the tagger facility are
invited to contact either Dr. del Bianco or the laboratory administration for
membership.

Agenda for the Photon Tagging Miniconference
Accelerator Laboratory, University of Saskatchewan

July 29-30

Monday (H. S. Caplan, Moderator)
8.-yO Gather a t Laboratory
8:45 Introduction/Logistics - H. S. Caplan
9:00 Tour of Facility
9:45 Photon Physics at E r < 300 MeV - J. Cameron

10:15 Polarization Measurements a t Lower Energies - E. Dressier
10:45 Coffee/Discussion
11:15 Problems to be Aware of at These Energies - B. Mecking
12:00 Break for Lunch (Catered)

1:30 Review/Update on Tagging Spec t rometer - D. Skopik
1:50 Kinematic Considerations - J. Asai
2:10 Polarization Considerations - W. DelBianco
2:30 Coffee/Discussion
3:00 Hardware/Software Development - J. Jury
3:20 Review of Available Hadron/Pion Detectors - G. Lolos
3:40 Summary - Chary
4:10 General Discussion
6:00 Dinner at the Bessborough (Hosted by the Univ. of Sask.)

Tuesday (J. C. Bergstrom, Moderator)
9:00 Open Discussion concerning experiments:

a) Initial effort
b) Long t e rm program

10:30 Coffee
11:00 Discussions re equipment grant applications to NSERC
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2. NATO Advanced Study Institute (ASI)

E. L. Tomusiak

This Institute, which carried the name New Vistas in Electro-Nuclear Phy-
sics, was held in Banff from August 22 to September 24. It was attended by
91 scientists, most of whom were from NATO countries.

The Institute dealt with those emerging areas of nuclear physics which
should be amenable to study by the new generation of high energy/high duty
factor electron accelerators. Although most of the lectures were of a more
theoretical nature, there were several lectures which covered recent impor-
tant experimental advances and which described important experimental
programs of the near future. For example R. Arnold reviewed the informa-
tion thus-far gained from deep inelastic scattering from nucleons. In addi-
tion he showed the large body of data that has been collected on the EMC
effect and stressed the need for more low x data as well as more crL/ cry vs A
data. These lectures blended in well with a set of talks by C. Carlson on the
rudiments of PQCD. In fact the quark composition of nucleons was a recur-
ring theme throughout the school. In addition to the asymptotically free

' region discussed in the PQCD lectures, the assumptions and successes of the
non-relativistic quark model, as applied to baryon spectroscopy, were
described by R. Bhaduri.

The Standard Model of Electro-Weak interactions was reviewed by J. D.
Walecka. Here the idea of using the nucleus as a filter to look at selected
pieces of the weak nuclear currents was emphasized. A series of beautiful
lepton scattering experiments, some of which would require polarized elec-
tron beams, were described and their importance in providing model
independent tests of Electro-Weak theories stressed. Polarized electron
beams were a sub-topic of many discussions and the main topic of a series of
three lectures by T. W. Donnelly.

CW electron accelerators enable coincidence experiments to be per-
formed. Such experiments and the underlying physics were a dominant
theme of the Institute. Various lecturers (G. Walker, J. M. Laget, B. Ziegler,
H. Arenhovel, P. K. A. deWitt Huberts) described the exciting information to
be gained from (e.e'y), (e.e'p), (e\e'p), (e.e'rr), (e.e'X), etc., experiments.

Of special interest were lectures on the few nucleon problem. J. Friar
carefully outlined the methods and results of the most up to date non-
relativistic Faddeev calculations for the trinucleons. Another series of talks
by J. Tjon showed the techniques and progress in the theoretical study of
relativistic dynamical equations. The evolution of a relativistic theory of
nuclear matter and finite nuclei through a mean field approach was
presented in a set of lectures on QHD by J. D. Walecka.
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. SAFETY AND HEALTH PHYSICS

A. Health Physics

S. D. Choubal

The routine tests and surveys were carried out as usual.

The annual compliance report was filed with AECB. The report contains
records of all routine radiation surveys of restricted and unrestricted areas,
removable contamination, special measurements and radioactive waste gen-
erated. This information is also available in the Radiation Safety Office and
at the Accelerator Laboratory.

We summarize below only the special measurements carried out.

1. Radiation levels in the linac access room and magnet cooling room were
measured using a Victoreen Model 470A survey meter viewed by closed
circuit TV. These tests were made principally to estimate the effects on
electronic equipment in these areas. They were performed both under
normal operating conditions and with intercepting monitors in place to
scatter the beam. In the linac access room the radiation levels varied
from 177 mR/hr per kW to 4.17 R/hr per kW. In the magnet cooling
room radiation levels were much lower and varied from 0.3 nxR/hr per
kW to 2 mR/hr per kW depending on location.

2. Due to the restoration of section one, the electron energy in the Chemis-
try mode has increased to 40 MeV. The radiation levels inside and out-
side the Chemistry hut area were re-measured to estimate the risk to
the experimenter inside the Chemistry hut during single pulse Chemis-
try mode operation. The average value of the radiation level inside the
Chemistry hut was 0.16 mR/pulse. Just outside the Chemistry hut it was
1.15mR/pulse.

3. When the Energy Compression System (ECS) went into operation, meas-
urements were conducted in the unrestricted area as additional beam
spill was anticipated in a region where it had previously proved trouble-
some. Highest levels were found near the machine shop gate (1 mR/hr).
In the stores, levels varied from 35 juR/hr to 250 piR/hr. The levels in the
machine shop and stores areas will drop when the present single and
double access doors are sealed with a shielding wall which will be built
after the new equipment is installed.
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A. Prof essional Journals
[1] C. Rangacharyulu, E. J. Ansaldo, D. Stockhausen, D. Bender, S. Muller,

A. Richter, N. Lo Iudice and F. Palumbo
Search for isovector magnetic quadrupole strength and spin-isospin
correlations in 20Ne

Phys. Rev. C31 (1985) 1656-1661.

[2] D. H. Beck, S. B. Kowalski, M. E. Schulze, W. E. Turchinetz, J. W. Light-
body, Jr., X. K. Maruyama, W. J. Stapor, H. S. Caplan, G. A. Retzlaff, D.
M. Skopik and R. Goloskie
Tritium form factors at low q

Phys. Rev. C30 (1984) 1403-1408.

[3] 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(III) ammonia and amine complex ions in
aqueous media

Inorg. Chem. 24(1985) 1531-1538.

[4] A. Goursot, H. Chermette, E. Penigault, M. Chanon and W. L. Waltz
Xa method as a tool for structure elucidation of short-lived transients
generated by pulse radiolysis or flash photolysis I. The PtClf", PtClf"
and PtCli" cases

Inorg. Chem. 23(1984)3618-3625.

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

J. Computational Chem. 6 (1985) 6S-75.

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

Nucl. Instr. and Meth. 227 (1984) 15-18.

[7] A. Goursot, H. Chermette, M. Chanon and W. L. Waltz
Xa method as a tool for structure elucidation of short-lived transients
generated by pulse radiolysis or flash photolysis II. Oxidative reactions
of PtClf"

Inorg. Chem. 24(1985)1042-1047.

[8] C. Pruneau, C. Rangacharyulu, M. B. Chatterjee and C. St-Pierre
Radiative decay of unbound levels in 14N

Can. J. Phys. (in press, accepted March 1985)

[9] E. L. Tomusiak, M. Kimura, J. L. Friar, B. F. Gibson, J. Payne and J.
Dubach
Trinucleon magnetic moments

Phys. Rev. C (in press December 1985)
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[10] A. Oberstedt, D. Bohle, G. Kuechler, A. Richter, E. Spamer and C. Ran-
gacharyulu
Ground state Ml transition strength of the 1.115 MeV level in 65Cu

Phys. Rev. C (accepted October 4, 1935)

[11] H. M. Khan, W. L. Waltz and R. J. Woods
A pulse radiolysis study of Tetramineplatinum (II) complex ion in aque-
ous chloride media

Radiation Phys. Chem. (accepted July 9, 1985)

[12] J. Dey and M. A. Preston
Meson spectra in the interacting boson model: gluonic degrees of free-
dom

Phys. Lett, (submitted 1985)

[13] M. A. Preston, M. Kimura and J. McTavish
The shapes of baryons in the Friedberg-Lee model

Phys. Rev. (submitted 1985)

[14] M. Kimura and M. A. Preston
Bar yon shapes with constrained oscillators

II Nuovo Cimento (submitted 1985)

B. Papers Published in Conference Proceedings
[1] R. V. Servranckx

Invited Paper, 1985 Particle Accelerator Conference, Vancouver, B.C.,
May 13-16, 1985
Improved tracking codes: present and future
IEEE Trans. Nucl. Sci. NS-32 (1985) 2186-2190.

[2] J. Jaeger, M. Lee, R. Servranckx and H. Shoaee
1985 Particle Accelerator Conference, Vancouver, B.C., May 13-16, 1985
GIANT: A computer code for General Interactive Analysis of Trajec-
tories
IEEE Trans. Nucl. Sci. NS-32 (1985) 1877-1879.

[3] D. Douglas and R. Servranckx
1985 Particle Accelerator Conference, Vancouver, B.C., May 13-16, 1985
A method to render second order beam optics programs symplectic
IEEE Trans. Nucl. Sci. NS-32 (1985) 2279-2281.

[4] K. L. Brown and R. V. Servranckx
1985 Particle Accelerator Conference, Vancouver, B.C., May 13-16, 1985
Applications of the second order achromat concept to the design of
particle accelerators
IEEE Trans. Nucl. Sci. NS-32 (1985) 2288-2290.
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[5] L. 0. Dallin (presented by T. P. Dielschneider)
Poster Session, 1985 Particle Accelerator Conference, Vancouver, B.C.,
May 13-16, 1985
High duty factor, monochromatic extraction from EROS
IEEE Trans. Nucl. Sci. NS-32 (1985) 3039.

C. Papers Presented to Learned Societies and Seminars
[1] J. C. Bergstrom

First Canadian Accelerator Meeting, Chalk River Nuclear Laboratories,
Chalk River, October 1-2, 1984
Saskatchewan pulse stretcher ring: EROS

[2] H. S. Caplan
Physics for Fun Lecture, 1984-85 Series, Department of Physics,
University of Saskatchewan
Rings and things: the upgrading project at the Saskatchewan Accelera-
tor Laboratory
February 6, 1985

[3] D. M. Skopik
Invited Seminar, University of Alberta, Edmonton
Physics with EROS
April 3, 1985

[4] C. Rangacharyulu
Departmental Seminar, Department of Physics, University of
Saskatchewan
Does the nuclear force know between a proton and neutron?
May 9, 1985

[5] C. Rangacharyulu
Invited Talk, Canadian Association of Physicists Meeting, Fredericton,
N.B., June 23-26, 1985
Electronuclear physics with a 300 MeV 100% duty factor beam

[6] C. Rangacharyulu
Invited Seminar, Institut fur Kernphysik der TDH, Darmstadt, West
Germany
EROS project and the experimental program
July 9, 1985

[7] C. Rangacharyulu
Invited Seminar, Institute for Nuclear Study, University of Tokyo,
Tokyo, Japan
EROS project and the experimental program
August 8, 1985
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[8] C. Rangacharyulu
Invited Seminar, Department of Physics, Osaka University, Osaka,
Japan
Electron scattering and comparison to analogous probes
August 20, 1985

[9] T. P. Dielschneider
Invited Talk, Second Canadian Accelerator Conference, University of
Manitoba, Winnipeg, September 30 - October 1, 1985
EROS - history and update

[10] H. S. Caplan
"Sciematics '85", Saskatoon, October 24-26, 1985
Nuclear energy: why do people get excited?
October 25, 1985

[11] W. L. Waltz
Invited Lecture, Hahn-Meitner Institut fur Kernforschung, Berlin, Ger-
many
Experimental and theoretical studies of Platinum (III) species
July 1985

Do Technical Memoranda

[1] D. C. Ferguson
ECS Support Analysis
EROS/DA/ECS/MECH/01

[2] J. C. Bergstrom
P.S.R. Injection Beamline - General Description
EROS/DR/INJ/01, September 30, 1985

[3] L. P. Nelson and M. W. Skwarchuk
SARA Operators Manual
EROS/MAN/CONT/01

[4] L P. Nelson and M. W. Skwarchuk
SARA Operators Quick Reference Manual
EROS/MAN/CONT/02

[5] C. B. Figley
Black Box Signal Conditioning Electronics
EROS/TM/CONT/01

[6] J. C. Bergstrom
ECS Start-Up - Hardware Required
EROS/TM/ECS/01, March 26, 1985

[7] J. C. Bergstrom
ECS Start-Up - Procedures and Tests
EROS/TM/ECS/02, March 26, 1905
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[8] T. P. Dielschneider
ECS Start-Up - RF Commissioning
EROS/TM/ECS/03

[9] T. P. Dielschneider
ECS Start-Up - Initial Commissioning
EROS/TM/ECS/04

[10] T. P. Dielschneider and F. T. West
ECS RF Commissioning
EROS/TM/ECS/RF/01

[11] P. Freimanis
Cooling Requirements
EROS/TM/GEN/01

[12] Mark Hinds
Magnetic Degaussing: The Use of Polarity Reversing Switches
EROS/TM/GEN/02

[13] T. P. Dielsehneider
SLAC Accelerating Sections - Preliminary Inspection
EROS/TM/GEN/03

[14] P. Freimanis
Guidelines for Cleaning Vacuum System Components
EROS/TM/GEN/VAC/01

[15] J. C. Bergstrom
P.S.R. Injection Beamline Start-up
Part I: First 90 Degree Cell
EROS/TM/INJ/01, October 16, 1985

[16] Curtis Figley
Septa Smoke Test Results
EROS/TM/INJ/MAG/01

[17] L. 0. Dallin
Extraction Septum Geometry
EROS/TM/PSR/01

[18] T. P. Dielschneider
Parasitic Losses in EROS
EROS/TM/PSR/02

[19] J. I. Gale
(Documents authored by R. V. Servranckx, B. Norum, J. Flanz and R.
Maas)
Initial Ring Design Technical Memorandums
EROS/TM/PSR/03

[20] L. 0. Dallin and R. V. Servranckx
Position Monitors and Orbit Correctors in EROS
EROS/TM/PSR/04

- 98 - PUBLICATIONS



Saskatchewan Accelerator Laboratory

[21] L. 0. Dallin and R. V. Servranckx
Position Monitors and Orbit Correctors in EROS
ER0S/TM/PSR/04/R1

[22] L. 0. Dallin
Rotational Alignment Tolerances for the Ring Quadrupoles
EROS/TM/PSR/MAG/01

[23] T. P. Dielschneider
EROS RF System - Status Report
EROS/TM/PSR/RF/01

[24] L. 0. Dallin
Transverse Resonances in the EROS RF Cavity
EROS/TM/PSR/RF/02

[25] L. 0. Dallin and T. P. Dielschneider
EROS Basic R.F. Parameters
EROS/TM/PSR/RF/03 [supersedes EROS-TM-83/09]

[26] H. S. Caplan and T. P. Dielschneider
The RF System for EROS (Electron Ring of Saskatche-wan)
EROS/TM/PSR/RF/04

[27] P. Freimanis
Recorder for Measurement and Control
EROS/TN/GEN/01

[28] D. C. Ferguson
EROS Documentation
EROS/TN/GEN/02

[29] D. C. Ferguson
Progress Report for January-February, 1985
on EROS, Design, Documentation, Scheduling, and Procurement
EROS/TN/GEN/03

[30] D. C. Ferguson
EROS Documentation - Design Report Format
EROS/TN/GEN/04

[31] D. C. Ferguson
Progress Report for March, 1985
EROS/TN/GEN/05

[32] D. C. Ferguson
Progress Report for April, 1985
EROS/TN/GEN/06

[33] D. C. Ferguson
Progress Report for May, 1935
EROS/TN/GEN/07

[34] D. C. Ferguson
EROS Project Report - Weeks 58 through 109
ER03/TN/GEN/08
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[35] D. C. Ferguson
Review of NIKHEF Spectrometer Installation
EROS/TN/SPEC/MECH/01

[36] J. C. Bergstrom
Emittance Monitor
EROS/TR/INJ/01, February 28, 1935

[37] J. C. Bergstrom
Phase Space Telescope
EEOS/TR/INJ/02, March 22, 1985

[38] M. W. Skwarchuk
PIN Diode Modulator Test Results
EROS/TR/LINAC/RF/01

[39] J. C. Bergstrom
Beam Matching Using the First Synchrotron-Light Port of the P.S.R.
EROS/TR/PSR/BLM/01, September 30, 1985

[40] D. C. Ferguson
EROS Spectrometer Support and Drive Arrangement
ER0S/TR/SPEC/MECH/01

[41] R. V. Servranckx, K. L. Brown, L. Schachinger and D. Douglas
Users Guide to the Program DIMAD
SLAC Report 285 UC-28, May 1985

E. Seminar Series
[l] N. G. Videla, Cyclotron Laboratory, University of Manitoba

Technical advances in neutron polarimetry and the 13C(p,S)l3N reac-
tion
November 29, 1984

[2] B. K. Jennings, Theoretical Group, TRIUMF
Rotational bands in baryon spectra
February 8, 1985

[3] K. I. Blomqvist, MIT Bates Accelerator Laboratory
Recent results from yn measurements
March 29, 1985

[4] J. L. Friar, Los Alamos National Laboratory
Progress in the few body problem
April 12, 1985

[5] Subal Das Gupta, McGill University
Heavy ion reactions below 1 GeV/nucleon-current perspectives
April 22, 1985

[6] Peter Kuo, Trent University, Peterborough, Ontario
Photonuclear reactions in 14C
August 9, 1985
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[7] G. Kuechler, Darmstadt
Magnetic and electric dipole excitation in light nuclei
September 6, 1985

[8] X. K. Maruyama, National Bureau of Standards, Washington
Cerenkov radiation
October 4, 1985

[9] Giampaolo Co', University of Illinois, Urbana, Illinois
Electron scattering coincidence experiments in the study of nuclear
GR decay
October 16, 1985

[10] R. E. Pollock, Indiana University Cyclotron Facility
Recent developments at the Indiana University Cyclotron Facility
October 28, 1985

F. Journal Club Talits

[1] C. Rangacharyulu
Diagnostics
December 4, 1984

[2] K. Itoh
Tensor polarization in 7r-d scattering
January 8, 1985

[3] T. P. Dielschneider
"New" accelerator designs
January 22, 1985

[4] *J. P. McTavish
Electroproduction of pions off deuterons
February 12, 1985

[5] H. S. Caplan
RF for all
February 26, 1985

[6] J. Asai
Tagged photons
March 19, 1985

[7] M. Kimura
Soliton bag model
April 16, 1985

[8] E. L. Tomusiak
Magnetic moments of light nuclei
May 23, 19G5

[9] J. Dey
GWNN from QCD sum rules
September 19, 1985
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[10] M. Dey
Vibrational excitations in soliton models
October 3, 1985

[11] E. T. Dressier
Pion electroproduction
November 12, 1985
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X STAFF

A. Scientific Staff
Physics Chemistry

J. C. Bergstrom W. L. Waltz
H. S. Caplan (Director) R. J. Woods
M. A. Preston
C. Rangacharyulu
D. M. Skopik
E. L. Tomusiak

1. Hesearch Associates and Postdoctoral Fellows

J. Asai
J. Dey1J

E. T. Dressier2^
E. L. Hallin3)
M. Kimura4)
J. P. McTavish5'
R. V. Servranckx
P. S. Takhar6*
N. G. Videla7)

3. Scientific Research Assistant

G. A. Retzlaff

3. Accelerator Physicists

L. 0. Dallin
T. P. Dielschneider

4. Engineering Physicist

C. B. Figley

5. Spectrometer Physicist
R. E. Pywell

1) Appointed August 1, 1985
2) Appointed Postdoctoral Fellow July 1, 1985 to June 30, 1986
3) Appointed Research Associate October 11, 1935
4) Terminated August 31, 1985
5) Terminated August 31, 1985
6) Terminated Harch 31, 19Q5
7) Appointed Research Associate March 1, 1985
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6. Visiting Scholar

T. L. Yan1)

7. Graduate Students

Physics Chemistry

M. 0. El-Ghossain B. G. Eatock2)

S.H. Lee
N. J. Njapba
C. Wett3>

8. Summer Students4)

D. V. Amendt
A. Cross
L. P. Nelson
T. Pidkalenko
A. J. Sarty
M. W. Skwarchuk
K. C. Wong

9. Linac Eesearch Experience Awards?'

P. Moore
R. E. Suek

1) Visitor from Electronics Teaching Group, Beijing (Peking) Agricultural University, Beijing,
China, for the period January 1 to December 31, 19S5

2) Leave of absence September 1985 to September 1936
3) Discontinued October 3, 19G5
4) For the period May 1 to August 31, 19Q5
5) For the period July 1 to August 10, 1985
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B. Technical Stall
K. T. Berg
J. L. Bergstrom
S. E. Broughton1*
H. Buchmann
B. M. Chomyshen
S. D. Choubal
D. C. Ferguson2^
P. Freimanis
J. I. Gale
J. A. Greefkes
D. G. Gulak
M. R. Hinds3)

W. McWillie4)

D. R. Murray
E. D. Neudorf
B. R. Norum5)
W. E. Norum6)

H. Purdie
S. R. Pywell7>
N. E. Strunk
R. J. C. Thompson
A. M. Vedress
M. Verhulst
A. B. Walstona>
F. T. West
A. D. Wilson

1. Machine Operators and Casual

D. V. Amendt
F. J. Bolden
S. Broda
D. N. Craddock
K. L. Dooley
R. M. Echlin
J. D. Falk
A. D. Gebka
L. Glasser
J. K. Jodrey
R. L. MacKenzie

Instrument Maker (Tech. I)
Storekeeper (Tech. Asst.)
Consultant from Ellis Technology
Electronics Technician (Tech. IV)
Instrument Maker (Tech. I)
Radiation Safety Officer
DSMA staff
Mechanical Engineer
Administrative Assistant
Instrument Maker (Tech. IV)
Mechanical Draughtsman (Tech. Ill)
Electrical Engineer
Electrician (Tech. Ill)
Computer System Manager
Inventory Controller (Cont. IV)
Millwright (Tech. II)
Electrical Engineer
Maintenance Supervisor
Systems Analyst
Instrument Maker (Tech. IV)
Electronics Technician (Tech. IV)
Secretary
Electronics Technician (Tech. IV)
Instrument Maker (Tech. IV)
Operations Supervisor
Systems Analyst

B. G. Marlatte
R. McEachern
P. F. McGrath
J. G. McKay
W. McWillie
L. P. Nelson
T. Pidkalenko
A. J. Sarty
R. F. Sherstobitoff
M. W. Skwarchuk
K. C. Wong

1) Transferred from DSMA staff July 31, 1985
2) DSMA cont rac t t e rmina ted July 31, 1985
3) Terminated August 15, 1985
4) Term appointment April 1, 1905 to March 31, 1986
5) Summer appointment May 1 to August 31, 1935; Term appointment Sep tember 1, 1935 to

August 01,19SG
6) Appointed September 1, 1985
7) Change of nams July 6, 1985, nee Koenderink
8) On sick leave April 10 to December 31, 1985
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C. Visitors and Consultants

October 25-28, 1984
Mr. J. Bedau, Bruker, West Germany

November 1-3, 1984
Mr. J. W. McKay, Dundas, Ontario

November 6, 1984
Mr. Minas Zassilianias, Optikon Corporation, Waterloo, Ontario

November 8-9, 1984
Meeting #4 of Saskatchewan Advisory Committee

November 9-18, 1984
Mr. Claude Pruneau, Laval University, Quebec City

November 29, 1984
Mr. Nelson Videla, Cyclotron Laboratory, University of Manitoba

December 11-13, 1984
Dr. W. Del Bianco, University of Montreal, Montreal

December 12, 1984
Dr. J. W. Jury, Trent University, Peterborough

December 13, 1984
NSERC Grant Selection Committee Visit

December 27-28, 1984
Dr. Emil Hallin, University of Toronto

February 7-8, 1985
Dr. B. K. Jennings, TRIUMF

February 17-18, 1985
Mr. Bengt Anderberg, Scanditronix, Uppsala, Sweden

March 6-7, 1985
Mr. Hugo Louis, Thomson-CSF, Ottawa

March 11-14, 1985
Dr. J. W. Jury, Trent University, Peterborough
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March 14-15, 1985
Meeting #5 of Saskatchewan Advisory Committee

March 27-31, 1935
Dr. K. I. Blomqvist, MIT

April 11-13, 1985
Dr. J. L. Friar, Los Alamos

April 19-20, 1985
Dr. Curt Mileikowsky and B. Anderberg, Scanditronix

April 22, 1985
Dr. Subal Das Gupta, McGill University

May 16 to June 30, 1985
Dr. R. Maas, NIKHEF

May 17, 1985
Dr. Blaine E. Norum, University of Virginia

May 28, 1985
Keith Lacey, DSMA Edmonton

May 29, 1985
CBC film crew

June 10-17, 1985
Brent Astley, Trent University, Peterborough

June 13-15, 1985
Dr. Arlene J. Larabee, University of Tennessee, Knoxville

June 20-24, 1985
Prof. R. Grigorovici, Institutul Central de Fizica, Bucharest, Romania

June 27, 1985
R. E. Laxdal, TRIUMF

July 1, 1985 to June 30, 1986
Dr. E. T. Dressier, Pennsylvania State University

July 14-20, 1985
Mr. Godfrey Saxon, Daresbury Laboratory

July 23-27, 1935
Dr. G. Luijckx, NIKHEF, Amsterdam
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July 25, 1985
Andre Guilbaud, AECB, Ottawa

July 29-30, 1985
Miniconference on Photon Tagging
- J. W. Jury, Trent University
- W. Del Bianco, University of Montreal
- G. Lolos, University of Regina
- J. M. Cameron, University of Alberta
- B. Mecking, CEBAF, Newport News, Virginia

August 6-8, 1985
Rick Baar tman , TRIUMF, Vancouver

August 8-10, 1985
P e t e r Kuo, Trent University, Pe te rborough

August 20-22, 1985
Dr. Achim Richter, Darms tad t

S e p t e m b e r 3-28, 1985
Bren t Astley, Trent University, Pe te rborough

S e p t e m b e r 4-6, 1985

Dr. W. K. P i t t s , Indiana University Cyclotron Facility-

S e p t e m b e r 4-10, 1985

Mr. G. Kuechler, Da rms tad t

S e p t e m b e r 5-7, 1985
Hans de Vries, NIKHEF, Ams te rdam

S e p t e m b e r 22-24, 1985
Drs. J. M. Riieger and E. G. Anderson, University of Calgary

S e p t e m b e r 26-29, 1985
P e t e r Mascher, University of Manitoba, Winnipeg

October 1, 1985
Hugh Menown, EEV, Chelmsford, England
David J. Soward, EEV, Toronto

October 3-5, 1985
Dr. X. K. Maruyama, National Bureau of S tandards , Washington

October 15-17, 1985
Dr. Giainpaolo Co', University of Illinois, Urbana

October 24-25, 1985
Meeting #6 of Saskatchewan Advisory Commit tee
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October 26-28, 1985
Dr. R. E. Pollock, Indiana University Cyclotron Facility

November 7-8, 1985
Saskatchewan Accelerator Laboratory
Program Advisory Committee, Meeting #1
- Dr. J. Lightbody, NBS
- Dr. K. I. Blomqvist, Lund
- Dr. T. W. Donnelly, MIT
- Dr. R. E. Azuma, University of Toronto
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