SLAC-45

UC-28, Particle Accelerators
-and High-Voltage Machines

UC-34, Physies

TID-4500 (43rd Ed.)

TWO-MILE ACCELERATCR PROJECT
Quarterly Status Report
1 January to 31 March 1965

July 1965

Technical Report
Prepared Under
Contract AT(O4-3)-400 and
Contract AT(OL-3)-515
for the USAEC

San Francisco COperations Office

Printed in USA. Price.$&.OO. Available from the Office of Technical Services,
Washington 25, D.C.



TABLE OF CONTENTS

Page

I, Introduction + o « « ¢ o « o « o o 0 o 6 8 s e o o s 4 e u s 1
II. Plont engineeTing .« o o s o o o o s s s s & o s o o = o o »
A, General . & v 4 6 v e s s e s e s e e e e e e e

B, Design status .+« o« o o + ¢ o » o 2 o o o o s o a s + o &

C. Construction status .« ¢« o & ¢ o & ¢ o ¢ ¢ « 2 o « «

O @ N

D. Plant engineering servicCes .+ « + o o s o s + o o« « « + » 10
III. Systems engineering and installetions . . « ¢« ¢ ¢ ¢« = « . . 12
A, Accelerator engineering, design and inspection . . . . . 12
B. Beam switchyard .« « « ¢ o & o « o o o o o ¢ « o « o » o 1
IV. Accelerator PhySiC5 « « o o o o o o o o o o o o o o o« o « o 16
A, INJECHION 4 o o o o o o o o o o s o o o o o v o v o o . 16
. Drive system . . « v v 4 « « 4 4 4 4 4 4 e 4 e 4 .- .. 18
. Thasing systell « « ¢« ¢« + ¢ ¢ & 4 & 4 o o o = « o + « » « 21

. Ceneral microwave studies . . v v v v o « o « « « + - . 24

H © Q

. Optical aligmment system . « « « & v v + + + & « « « » . 24
e e e .. 26
. e . 27
GEMETAL v & v s 4 4 o o & s e s e s s e e e s e e 27
e v e e e e e« 27
v e e e .. 36

- . . - - - . . 37
Trigger SyStell o o+ ¢ o o ¢ o o « o o o o o o » o & « o o« 37

P e e e e .. 38

. . LI ] . e . 39
Machine protection « o o« o v o o o o « o o o o + « » « « 40

F. Magnetic shielding and degaussing . . . . . .

V. Instrumentation .« ¢ o« ¢ ¢« & « o ¢ ¢ s o o« « o + o o o

S

Beam tests . . &+ ¢ ¢ ¢ 4 4 4 e e o e .

Q
-

Data handling . .« « « ¢ o + ¢ ¢ v v o o .

Beam guidance . v 4 4 4 & 4 6 e s o s

Klystron instrumentation . « « « + + o . .

Pergsonnel protection system . . . . . . .

Central CONLTOL o v v v o o « o o « o o o s o o o o o o H1

Control systel « o o o & o ¢ ¢ « o « ¢ o o o &

R I SR - > B R N

Computer control « « + ¢« &« ¢« ¢ ¢ o ¢« 4 & &



TABIE OF CONTENTS - {Continued) Fage

VI. Heavy electronics « + « « o« « &+ o « & D
A, Main modulator .+ s o « o o ¢ ¢ o o s s s 43 s e s a s
B, Sub-booster modulator « « « o + ¢ o« ¢ o s 2 s 4+ o0 a4 e
C, Gun modulator + o o o« o o« o o ¢ & o ¢ o o o o s o s+ &
D. Storage ring inflector modulater . . « . . . + ¢« . &
E. Magnet power SUPPLI€S & & o ¢ o o o 4 o o v e 0 e e

VII. Mechanical design and fabrication . « « « v ¢ ¢ ¢ & ¢ ¢« « &

h=3

. Ceneral v 4 . e s e e s & s s & s e e e s s e e s

. Accelerator sStrUCtUTES & « o &+ « o + o « o o o « & o =

S E&EEHEEEEES

B

C. Rectangular wavegulde . « v + ¢ ¢ ¢ & o o o « o o o «

D, Magnet engineering . « o« ¢« « o o ¢ o 0 4 4 4 4 e 4o s

E. Precision 2ligiment o+ « « « « o « « ¢ ¢ « o o o« o o o o 56
VIII. Klystron studies .« « o« 4 ¢ o o o o = o = s o o s o v o o+ = 59

SUMMAYY o« o o o o o o s o o« o s & s o & o s ¢ & o s+ o+ s 59

.

Klystron Procurement .« « « o o « o o« o o o o o« o o o o 60

FACilitiBs v o ¢ o o o o o o o b o 0 e e e e e e e . 64

Klystron operation in the gallery . + + + « + « « « « » Ok

Klystron fabrication and development . . . . o . . . . O7

Klystron installation and maintenance . . . . . . . . . 69

High power klystron windows . . o « « « + ¢ o & + & + 70

Mmoo o= &=H O W

Sub-booster K1ystrOns « « o« « o o o o « o o o o o s o =« T2

TX. Beam SWitCHVAETA o o « + « o « o o o o o o v o« o o o o o v+ Th

A, General . . « ¢ & & o o » » & v o s o 2 4 e e ow e s s s h
B. Tnstrumentation and control . + « v v v 4 & o o« o « o o Tk
C. Magnets and power SUPPLi€s . + + 4 4 4 4 4 s . 0. . . . 86
D. Vacuum chambers and equipment . . v « ¢ o v « & « « . o 86
E. Beam dUmP « « + « o o o + = = o s o s o o o s s o o+ . 86
F. Slite and collimators « o« o = o o s o o o + o o o« o o OT
G, Alignmment . o« & o & o o « s s 2 8 s e e 4 s e o« . s s . 90

X. Pre-operations research and development . . . + &+ + « ¢ & = 91
A. DPhysical electronics .« ¢« o v v o v 4 ¢ o 4 o 0 0w . . 91
B. Theoretical PhySIiCs o o o o o v o o o o o s o o o & o 92
C. Health physiCs + o o o o o o o ¢ o o o o & o o o+ s s 95

- ii -



LIST OF FIGURES

Page

1. Klystron Gallery from freeway overpass; looking west . . . . . . 3
2. Aerial view of "campus" area . . . . . 4
3. Construction status of Auditorium-Cafeteria 5
4. Control BUuilding . « v « v v v v v vt e e e e e e e e e e 6
5. Beam Switchyard under construction, with laboratory and shops

complex In background . + +« = & ¢ 4 0 0 e e 0w e e e e e e o . T

Sketch of temporary beam analyzer . .« « « « & 4 « 4+ . . . . . 28

Energy vs foll number . . . . . . . . . o ¢ o . . . 4 .+ . ., 30
8. Energy spectrum vs position of protection attenuator at

Klystron 2-L o o v v v v b e e e e e e e e e e e e e e e e .. 31
9. Energy variastion during cycle of protection attenuator . . . . . 33
16, Initial VSWR of model C loads, SUMMATY . . v v & « « o « o« « + . 52
11. Saturation curves, 180 pps, tube #H-80-A XM-T, test stand #01 . . 68
12. Beam Switchyard and target areas . . . . . . . . . . . o . .75
13. Principal components of BSY beam transport system . . . . . . . 76
14. Beam Switchyard transport system component diagram . . . . . . . 77
15. Beam Switchyard structure . . . . . . « . « v 4 v 4« « < . . . . T8
16. High-Z collimator; mechanicel schematic (C-0) . . . . . . . . . 88
17. Protection collimator (typical installation) . . . . . . . . . . 89

- iii -



I. INTRODUCTICN

Thigs is the tenth Quarterly Status Report of work under AEC
Contract AT{04%-3)-400 and the fourth Quarterly Status Report of work
under AEC Contract AT(OL-3)-515, both held by Stanford University.
Contract AT(O4-3)}-400 provides for the construction of the Stanford
Linear Accelerator Center (SLAC), a laboratory that will have as its
chief instrument a two-mile-long linear electron accelerator. Con-
struction of the Center began in June 1962, and the present schedule
calls for first turn-on of the electron beam in the summer of 1966.

The principal beam parameters of the accelerator in its initial
operating phase are a maximum beam energy of 20 BeV, and an average
beam current of 30 microamperes (at 10% beam loading). The estimated
construction cost of SIAC is $11k4,000,000.

The work of construction is divided into two chief parts:

(1) the accelerator itself and its related technical enviromment; and
(2) the more conventional work associated with site preparation, build-
ings, utilities, etc. To assist with these latter activities, Stanford
hag retained the gervices, under subcontract, of the firm Aetron-Blume-
Atkinson, a joint venture consisting of Aetron, a divigion of Aerojet-
General Corporation; John A. Blume and Associates, Engineers; and the
Guy F. Atkinson Company. In these reports this architect-engineer-
management firm is often referred to as "ABA."

The terms of Contract AT(O4-3)-400 provide for a fully operable
accelerator and for sufficient equipment to measure and control the
principal parameters of the electron beam; in addition, provision is
made for an initial complement of general-use research eguipment with
which it will be possible to perform certain exploratory studies, such
as measurement of the intensity and energy distribution of various

secondary-particle beams.



II. PLANT ENGINEERING

A. GENERAL

Highlights of the conventional facilities program during the guarter
were: occupancy of the Central Laboratory and Control Building, commence-
ment of construction of the End Stations and Cafeteria-Auditorium, and
award of contract for the Target Area substations.

The remeining project design effort relates principally to the Cryo-
genics Building, Beam Dump East, and utilities associated with the End
Qtstions. Overall field construction for the project is well along and

is now scheduled for completion in March 1966. The present status of
| a nunber of facilities in the construction phase is shown in Figs. 1
through 5.

The design of the overhead 220 kV power feeder line to the Sand Hill
site was completed under contract toc the AEC. Construction bids on this
1ine have been invited by the AEC and will be opened in April 1965. The
Master Substation, to be located on the project site, is already con-
tracted for and scheduled for completion late this year. The latter con-
tract, awarded through Aetron-Blume-Atkinson, is being modified to include
an oil circuit breaker at the substation.

Discharges from gll cooling towers and drainsge from the accelerator
structure housing end end stations are to be periodically monitored and
reported to the Regiocnal Water Pollution Control Board. Data from sam-
pling stations in the vicinity of San Francisquito Creck and within the
project area will be submitted. Information for the initial report is
now being assembled. This program will be a continuing operationel re-
quirement of the Laboratory.

A committee of SLAC and ABA personnel, appointed in February, meets
weekly to consider the interaction of Target Area construction and the
installation of SLAC equipment. Problems of joint occupancy, reconcili-
ation of schedules, and the effects of construction changes are being
studied. The overall purpose is to facilitate operational use of the
area and to resolve any conflicts which may arise in this critical phsase

of the project effort.



FIG. 1--Klystron Gallery from freeway overpass; looking west.
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B. DESIGN STATUS

The project design effort is concentrated on completing the Cryo-
genics Buildiﬁg, Beam Dump East, certain utilities in the Target Area,
and sny necessary changes to facilities under construction. The status
of major items at the end of the quarter is as follows:

Master Substation Equipment: Shop drawing submittals are being re-

ceived and reviewed.

Central leboratory: Bids were invited for the remaining work on the

second-story asddition and will be opened in early April 1965.
Beam Switchyard Materials Handling System: Component testing has been

performed by the contractor. Work is on schedule.
Beam Switchyard Site Improvements and Utilities: Bids opened on

March 26, 1965 are being evaluated.

End Station Site Improvements and Utilities: The Title II design is
80% complete.

Target Area Substations: A contract was awarded for these two sub~-

stations, and a notice to proceed was given on March 11, 1965.

Target Area Cranes: Proposals received from three firms for the four

cranes in this package are being evaluated.

Cryogenics Building: The Title II work is 25% complete.

Heavy Assenbly Building Cranes: Shop drawing submittels are being

received and reviewed. The two 20-ton cranes will be operational in
June 1965; the 50-ton crane one month later.

Beam Dump East: Title I work is essentially complete. This facility

forms & functional part of End Station A, although located downstream
in the large hill east of the research yard for shielding purposes.
Its basic components are a beam transport vacuum pipe, water-cooled
dump tank, a cooling system whose water coclant will become radio-
sctive, g heat-exchanger and pumping complex, and instrumentation

and control systems.

Concrete Shielding Doors: The 100% procurement package, "Request for

Proposels," was mailed out early in Mey. The installation will con-
sist of one power-operated door for End Station A, one power-operated
door for End Stetion B, and one manually-opergted door for the BSY

entrance structure.



End Station Modifications: Designs were completed on the modifica-

tions for the 20 BeV/c spectrometer foundations and the spark chamber
pit in End Staticn A, and for miscellaneous changes in both A and B.
Landscaping: This program is proceeding in incremental packeges, bids
having been received for Increments II and IIT in March. These pro-
vide most of the remaining landsceping essociated with the "campus"
ares. Landscaping for the Cafeteria-Auditorium is provided in

Increment IV, for which Title IT work is 70% complete.

C. CONSTRUCTION STATUS

The status of major conventional facilities now under construction

is ag follows:

Percentage of

Yacility Completion

Central Laborstory Q9
Landscaping (Increment No. 1) 98
Control Building 98
Klystron Gallery 96
Klystron Gallery Utilities

Piping and Site Improvements (600-Y-1) 72

Electrical (600-Y-2) 13

Cooling Towers (600-Y-3) 96
Switch House (for Master Substation) 65
Data Assembly Building 8L
Beam Switchyard 34
Cafeteria-Auditorium 26
End Stations "A" and "B" *

*
Field work commenced on March 17, 1965.

All items of work associated with Sectors 1 through 14 of the Klystron
Gallery contract have been officially accepted from the contractor and
turned over to SIAC. Beneficial occupancy has been taken on all sectors
through No. 24 in order that equipment installaticn and testing may pro-
ceed. A "broom raising" ceremony on February 16th at the end of Sector

No. 30 symbolized the final placement of structural steel in the gallery.



In addition to the above, beneficial occupancy was taken of the
Central Laboratory and the Control Building during the Quarter. These
facilities are now occupied by SLAC personnel, many of whom had previously
been housed in Buildings M1l and M2 on the campus.

A BSY contract modification is in process to revise increments and
schedule for coordination with the end station work. This provides s
more realistic work arrangement since the same contractor is handling
both projects.

The Control Building contractor employed the services of a consult-
ing engineer to conduct electrical resistance tests in the facility. They
are to determine if any direct or approximately l-ohm short cireuits exist
between any one column of the rack area steel floor structure and the re-
inforcing bar in the lower concrete floor. The results of the tests are

being reviewed.

D. PLANT ENGINEERING SERVICES

The department continued its activities relating to facility planning,
alterations, and provision of craft support for all SLAC groups.

The preliminary design of & proposed electron-~positron storege ring
to be located on the project site requires an investigation of soil and
foundation problems. Arrangements are being mede to perform this work
during the next quarter. The tentatively proposed center of the storage
ring facility is approximately 280 feet north of the accelerator center-
line, opposite Station 66. The ring itself will have a diameter of
approximately 250 feet.

Preliminary scoping and cost estimating of a proposed computer build-
ing for SLAC were completed in March. This effort is in support of a
policy decision on funding for the project. The selected site is south-
east of the Central Laboratory on a knoll located between that facility
and the Cryogenics Building.

Plant Engineering designed a 25~ton air conditioning system for use
in rooms 2F10 and 2G10 of the Central Laboratory. This modification was
required for the ultra-high vacuum testing which will be performed in
that area. The installation wes contracted for in March and the work

is now underway. Completion is scheduled for mid-April.

- 10 -



Beginning in January, the Craft Shops initiated a plant surveillance

service on the night and week-end shifts to provide faét detection and
repair of egquipment malfunctions. Criticel electrical and mechanical

equipment throughout the site is checked periodicglly for proper operation.

- 11 -



ITT. SYSTEMS ENGINEERING AND INSTALLATIONS
\
A, ACCELERATCR ENGINEERING, DESIGN AND INSPECTION

1. General Accelerator Design

The design report on the alignment system vacuum components was
issued for comments prior to making final installation drawings. ILate
in the quarter, it was decided that the laser installation used to
align the accelerator will be located at the east end 6f the accelerator
rather than the west end. This decision will affect the vacuum system
arrangements; the vacuum station must now be located at the east end of
the accelerator in the former aiignment station at the end of Sector 30.

Positron source system drawings are being revised to reflect the
latest changes in the system requirements,

The design of shielding for the waveguide penetrations was final-
ized; plywood discs will be used in lieu of silastic membranes. A beam

through Sectors 1 and 2 was achieved.

2, Model Shop

A model of the Data Assembly Building was begun znd the positron
source alcove model was completed. A model of the main injector, in
which actual cables are being located in accordance with the subcontract
drawings, is almost complete. Periscopes, scope mounts, and level vial
reflector housings to be used for visual experiments on accelerator
level control were fabricated.

Studies preparatory to making a model of the B-beam target area
housing were initiated, and a model of the pivot pit for the mass spece

trometer utility routings at End Station A was made.

3. Installation Drawings

Modifications to the electrical system drawings are approaching
completion. Revisions of the cooling water system drawings for the
positron source continue. It was decided to water-trace the main and
sub-drive lines for improved temperature stabilization, and drawing

changes started.

- 12 -



Work to finalize the electronics systems installation bid drawings
for Sectors 3-30 is in process, and changes to the positren vacuum

system are underway.

4. Vacuum

The drift section connection procurement award was made and de-
liveries were on schedule.

Tests on the getter-ion pump power supplies discloged a transformer
problem. Power supplies with reworked transformers were regubmitted
and passed performance tests at 5500 and 60% relative humidity.

Despite changes made in cold cathode gauge control units, problems
continue to exist. A back-up program was initiated for an in-house
gauge control design, and a prototype and ten production units will be

built. Design is proceeding satisfactorily.

5. Cooling Water

Tnstallation work on the cooling water system is 67% complete. The
corrosion test unit was shut down after completion of & third test run
of 180 days. Quotations on pumps and heat exchangers were received.
Tests on the main and sub-drive line water tracing to improve temper-

ature stabilization were started.

6. Electrical Services

Installation work is now 644 complete. Results of acceptance tests
to check the performance of substations and systems were satisfactory.
The drive line temperature stabilizaﬁion problem will require new sup~

port and anchor designs, and studies are in progress.

f. Electronics
Sectors 1 and 2 electronics installation work was essentially
completed with the establishment of the beam. Final completion and

verification of as-built drawings will continue.

The first delivery of fiat racks under the first assembly subcontract

for Sectors 3-30 was made on schedule. The second rack assembly sub-
contract package for the control alcove and central control racks is

undergoing 904 review,

- 13 -



The multi-pair cable subcontract was awarded, in-plant tests were
witnessed, and 133,000 feet of 25-pair, 22-gauge cable was accepted for
shipment., A subcentract award was made to procure 9000 feet of main
trigger cable. Negotiations to procure the long ilon chamber are in
process.

Bidg for a time and materials subcontract for miscellaneous
electrical/electronic installation and connection work were received
and are being evaluated. This work will effectively accomplish final
cross connections in these racks where design information will be re-
ceived too late for incorporation inte lump sum subcontracts.

A definitive list of the audio-visual equimment for the auditorium

received project approval and procurement was started.

B. BEAM SWITCHYARD

Concentrated effort was placed on the development of drawings for
an equipment installation subcontract. This package will consist of
the installation of all major beam switchyard componerts, such as the

magnets, power supplies, instrument stands, and vacuum system piping

chambers.

1. Vacuum

Vacuum pumping system bids were received and the subcontract awarded.

Preliminary parts lists and shop drawings were received for approval.
Drawings and specifications for the vacuum chambers were completed.
Detail design of the fast valves is nearing completion. A new lead-

indium seal has been designed to allow the valve to meet the closure

criterion of five hundred repeated cycles.

Fabrication of a prototype 1lO-inch isolation valve has begun.

2. Electrical/Electronics

Specifications and drawings for the electrical/electronics system
installation work are being approved.

The proposed remotely-operable power connectors have been tested
with one bending magnet unit. Cable connections to the connectors will

be modified to minimize the temperature rige noticed during the test.

- 14 -



Specifications for special instrumentation and control cables were
reviewed and are being modified to optimize economy and function.

Recommendations for the purchase of the high and moderate radiation
resistant cables have been made.

The drive line package redesign is still under review.

3. Cooling Water

Work on flow diagrams and layout drawings for the cooling water
system continued, and progress drawings were issued for review., Three
addenda to the heat exchanger specifications were submitted, and bids

will be requested early in the next quarter,
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IV. ACCELERATOR PHYSICS

A. INJECTION

1. Main Injection System

a. Wiring and Electronic Assembly

Assembly and wiring of the injector electrical systems are progress-
ing on schedule. The internal rack wiring program has been completed and
all racks have been delivered to the site. The electrical contractor has
started his interconnecting wiring.

The control console is in place and its internal wiring is complete.
The interconnecting wiring is being installed by the electrical contrac-
tor. Individual panels are being installed as they become available.

Testing of the high current power supply control systems is in
progress with no major problems encountered to date. ¥Final testing
awaits receipt of the high current power supplies which are to be deliv-
ered in May. The medium current power supplies are to be delivered as
part of the overall steering power supply subcontract for the machine.
The remote control system for these supplies is nearing completion and
an available prototype power supply will be used for checkout.

The design of the injector vacuum system is complete and about T70%
of the components have been either purchased or fabricated. Special
control units have been designed to provide automatic vacuum readout at
the console as well as interlock circuitry for injector protection. The
injector phasing system concepts have been established and hardware de-
sign has begun. Most components of this gystem are similar or identical
to other units on the machine.

Other related instrumentation and control systems being worked on
inelude power monitoring, video monitoring, phase and power level controls
and control of the momentum spectrometer.

b. Waveguide Components

The injector disk-loaded wavegulde with the .T5c buncher has been
brazed with its water cooling pipes and 1s ready %o be assembled in the
concentric strongback. The 10-foot stainless steel concentric strongback

was delivered and found straight t00.003 inch. The contract for winding
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the focus coils was awarded with delivery scheduled for May 7, 1965.
A1) waveguide components are in the Machine Shop and have reached 90%
completion. A few straight sections of waveguide will not be brazed
until the scheduled installation date in order to alleviate the clean
room storage problem.

Engineering design for all drift section components is complete and
drafting is 50% completed. Fabrication of these components is about 25%
completed. A thin valve employing the basic Mark IITI valve design will
be used in the injector gun end.

During the next quarter, the gun lenses snd prebuncher will be
dynanically tested in the Injection Test Stand. Other in-line components
will be tested as they are completed prior tc installation in the Accel-
erator Housing. Installation in the housing is scheduled to begin in

June.

2. Electron Guns

The initial design of SLAC gun 4-1 has been tested in the bell-jar
vacuum station. The original pancake-shaped filaments were found un-
satisfactory. Operation at temperatures above 150000 resulted in
mechanical growth which caused shorts between adjacent turns. These
mechanical growths also resulted in a deviation from flatness of as
much as three wire dlameters. New winding jigs were made and a stress
relieving cycle developed so that filaments made from 2% Th-W 0.010-
inch spacing between turns can be operated above lBOOOC with very little
distortion. Development of the carburization procesz began near
the end of this guarter.

Several other defects in the design were corrected. All heat
shields reqguired additicnal strut supports because they tended to col-
lapse on adjacent surfaces when tested. A cracked ceramic post, appar-
ently due to different thermal expansions of the two connected decks,
indicated the necessity for redesigning to permit deflection.

Difficulty was encountered with the filament, which began to poison
at about lhOOOC. After a systematic spectroscopic examination, 1t was
found that the heat shields contained molybdenum and platinum rather

than molybdenum and tantalum. The accidental substitution of platinum

- 17 -



is believed to be regponsible for the poisoning effect and new heat
shields using only molybdenum and tantalum are being fatricated.

Despite these emission difficulties, the cathode was operated at
temperatures as high as 1600°C. At 1540°¢ cathode temperature, the
filament temperature was 1620°C, the filament power was 40 watts and
the bombarder power 80 watts, i.e., 120 watts total input power. When
the emission problems are solved, the contribution of the filament will
decrease. _

The vacuum envelope was completed this quarter and 1s awaliting
static load, high potential and cperating gun tests. It has been leak-
checked and i1s pumped down on the bake-station but has not yet been
baked-out.

3. Gun Modulator

The Manson mocdulator, Model 4-2, is to be modified for use on
the machine. Studies are now underway to determine what modifications
are required. The bombarder supply will be added. Control and pulse
forming circultry will be repackaged to it the requirements of the
machine. The temporary gun meodulator presently installed on the machine

will be used for initial. injector turn-on.

4., Injection Test Stand

The Injection Test Stand operated throughout the jquarter and con-
tinued to be utilized for a large variety of experiments including meas-
urements of bunching, rf sweeper efficiency, beam position monitors and

radiation studies.

B. DRIVE SYSTEM

1. Main and Sub-Drive Lines

Installation of the main and sub-drive lines has been completed
through Sector 2. All remaining sectors have been delivered and accep-
tance testing is expected to be completed next quarter. Extensive tests
héve been performed to determine the minimal additional reguirements to
remedy the difficulties encountered during the last quarter regarding
temperature-phase stabilization. The following modifications will be

implemented:

(a) Both the main and sub-drive lines will be temperature controlled

individually by means of water tracing lines.
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(b) Rigid A-frames, constructed of k-inch steel pipe, will be used
to anchor the main drive line at the beginning of each sector. The sub-
drive line will continue to be anchored to the fiat rack by means of a
reinforced structure.

(c) 1In order to decrease the friction of the main drive line, teflon
supports will be replaced by rollers.

(d) The expansion sections of the main drive line will be improved
to reduce the friction load.

(e) The thermal insulation will remain of the same size and type
but extra care will be used during installation to insure free motion
of the drive lines.

(f) The main and sub-drive lines will be purged and filled with dry
air at a nominal maximum pressure of 1 atmosphere. At that pressure,
the lines will be sealed go that the dielectric constant of the medium

is Independent of temperature.

2. Varactor Freguency Multipliers

One manufacturer has been testing diodes for tre production run of
the multiplier units and, at the end of the gquarter, had 23 acceptable
and eight unacceptable diodes with regard to oatput power. Final test-
ing of the production run will begin on April 13.

T™wo other manufacturers have made diodes which would bhe satisfactory
substitutes for those of a fourth manufacturer, should the latter be

unable to continue to meet our needs.

3. Main Booster Amplifiers

The main high voltage circuit breakers were replaced and fewer trip-
outs were experienced during the quarter. Overall operation has been
very satisfactory. The units now have 4500 and 3500 hours of klystron

opereting time respectively.

L. Master Oscillators

The master oscillators and synchronizer have been permanently in-
stalled in the master oscillator rack, together with individual frequency
counters for each master oscillator, and frequency multipliers to permit
a direct readout of the frequency at 2856 Mc/sec. Minor difficulties with

meter relays have been resolved.
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5. Sub-Booster Modulators

Following checkout of the pre-production units, a formal production

go-ahead has been given to the manufacturer, Receipt of the first units

is expected in the middle of the next quarter.

6. Drop-Out Cadles

Drop-out cableg have been received, tested and accepted. All speci-
fications were met, Ingtallation will proceed as terminal equipment ar-

rives and is installed.

7. "Positron' Phase-Shifters

A "x" phase-shifter for positron acceleration with its driver was
ingtalled in a IgX unit. An assembly drawing was prepared to reflect
this change. Eleven additional I¢X units will be modified in this
manner. The conversion will be completed by the time the IgX units
are installed in sub-boosters 1 to 10. Printed circuit boards for

the phase shifter driver have been ordered.

8. RF Drive System Control Circuits

Design work on the master oscillator switching unit is almost
complete and construction of the unit is beginning. After completion,
the design of the main booster switching unit will be reviewed and, if
appropriate, these units will be substantially simplified and in-
corporated into the master oscillator switching unit. Design of the
sub-booster switching unit will proceed on a higher priority basis as
soon as the gecond sub-booster modulator and the sub-hooster transfer

gwitch have been installed.

9. Sub-Booster Klystrons

Delivery of the first part of the sub-booster klystron contract
is nearing completion. The problem of shelf life still remains un-
solved. Three special klystrons were given a shelf life test during
the past three months. All three failed and were returned toc the

manufacturer,
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C. PHASING SYSTEM
1. Isolator, Phase-Shifter, Attenuator Units

Delivery and testing of the 249 standard units, 31 sub-booster units
and 33 control phase-shifters are nearly completed. No major problems
have arisen. The units installed in Sectors 1 and 2 have performed very
satisfactorily during machine tests.

Work remaining includes modification of the 25 pre-procduction units
to conform with the production run, for which the sub-contracter is sup-
plying components. In addition, modifications to meet the special remcte-
control requirements for Sector 27 will be made at SLAC. The sub-
contractor will supply three special control phase-shifters for use in

the injector phasing system.

2. BRF Detector Panels

Three pre-production units were delivered at the end of January.
They were tested, both in the laboratory and in service on the machine,
and found to be satisfactory. Minor changes have been made, and the
first five production units are expected early in April. Operation of
the rf detector panels in Sector 1 and 2 tests has shown the design *c
be entirely satisfactory. The only problem relateg to the thermionie

diodes which will be discussed below.

3. Prcgrammers and Electrcnics Units

Three pre-production programmers and three pre-production electronics
units were recelved, tested and found to meet the requirements of the pro-
curement specification. However, experience with the phasing system in
Sector 1 and 2 tests indicated that some re-design of the 90O delay and
serve amplifiers was regquired. In addition, it was necessary to improve
the sensitivity of the remocte manual control system for the klystron
phé$e~shifters. New designs have been tested, and negotiations are pro-

ceeding so that the changes may be incorporated in the production run.

4, Linear Detectors

3ix prototype housings were tested. The input VSWR was satisfac-

tory after a few small changes were made. All drawings have been com-

pleted, and the procurement of 280 housings hes begun.
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The thermionic diodes themselves have proved to be a source of
difficulties in the automatic phasing system. Rapid drift of the diode
balance position occurs when the peak power level of the applied klystron
signal exceeds 500 watts. The problem was solved by reducing the power
levels of all signals at the dicdes. It was found that the system
worked very satisfactorily with a 0.5 MW CW reference signal at each

dicde, and with beam-induced signals as low as 1 MW (peak) at each
diode.

5. Overall Performance of the Automatic FPhasing System

Operation of the automatic phasing system in Sectors 1 and 2 has
shown that, because of time delay problems, a pulsed reference signal
obtained from the sub-drive line is unsatisfactory. Accordingly, the
system has been changed so that part of the CW ocutput from the varactor
multiplier in each sector is used as a phasing referencs. This signal
is obtained from a 10dB ccoupler inserted in the input of each sub-
booster IgpX unit. Couplers for Sectorsl through 30 will be procured.
With this modification and the other modifications of the diodes and
the servo amplifiers, this system worked satisfactorily, completing the
phasing of one sector within one minute. The phasing error is estimated
to be less than 30 . This system works reliably, but slow diode drift

necessitates occasional rebalancing.

6. Permanent Beam Analyzing Station

The station was installed in the accelerator housing in early
January. All power supplies, slow interlocks and monitors were con-
nected and tested. The station has been used at the beginning of each
evening's test.run in Sectors 1 and 2, to optimize the injector beam
spectrum. The secondary-~emission foil scanner unit has proved invalu-
able for this purpose. Numerous changes and improvements have been made

as a result of experimental use during this quarter.

7. Temporary Beam Analyzing Station

The station was installed in the accelerator housing at the end of
Sector 2 during January. A floating-wire check on the energy-calibration

was performed prior to installation. All power supplies, interlocks and
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monitors were connected. The station has been used to measure the
energy and spectrum width of the beam produced by the Sector 1 and 2
machine. All controls and readouts have recently been made remotely

controllable from the Sector 2 alcove.

8. Beam Position Monitors for Drift Sections

Three team position monitors have been in operation in Sectors 1
and 2 during this quarter, and are performing satisfacteorily.

In the light of experience gained so far, three changes are being
made in the cavity assembly design for the rest of the machine. These
are:

(i) Elimination of a stainless-steel/bopper interface in a water

Jacket, to aveoid corrcsion.

(ii) Incorporation of a "two-way" dimpling mechanism to increase

the range of resonant frequency adjustment.

(1iii) Increasing the loaded "Q" of the position cavities to increase

the available power.

Detailed drawings of the cavity assembly are complete, and the pro-
curement of machined components for the resgt of the machine has been
initiated.

Sector 1 and 2 tests have shown that the beam position detector

panel design is satisfactory. A procurement specification is being pre-

rared.

Q. Beam Position Monitors for the Beam Switchyard

Cold-testing of pre-prototype cavities has been completed, and a
get of drawings for the final caVity assembly has been prepared. The
first assembly to be made from these drawings 1s nearing completion.
This assembly will be tested on the injector test stand before initiating
the procurement of further parts.

All components for six associlated beam positicn monitor detector

panels have been ordered. A prototype unit ls nearly completed.
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D. GENERAL MICRGWAVE STUDIES

1. RF Separstors

As a vesult of experiments done on the injector test stand, the
deflecting efficiencies of the LOLA IT and LOLA IIT rf deflectors were
remeasured. ALL rf couplers used in these mezsurements were carefully
recalibrated in order to reduce the uncertainty in the mwicrowave peak
power measurements. The new results are tabulated in Tsble I. This
table also allows comparison with the coriginal results cbtained on the
Mark IV accelerator and gives the efficiencies to be expected with a 3-
meter long structure.

An attempt was made to measure the beam induced signal as a function
of beam current and beam position. This measurement is of interest be-
cause it is important to know whether such a signal could become large
enough to appreciably deflect the electron beam. The measurements
showed that for a 55 mA beam off-centered by 7 mm, the Induced signal
was 6 watts peak, which is entirely negligible.

Work is also in progress on a TMOl structure with an offset disk
hole. Early measurements of transverse impedance have suggested that it
has a higher shunt impedance than the TMll structure and that it is also

aberration free.
E. OPTICAL, ALIGNMENT SYSTEM

Targets are being installed in the completed girder segments during
girder assermbly in the Mechanical Design and Fabricatioan shops. Design
work has continued for the hinges, hinge actuators and the calibration
fixture to determine the position of the target relative to the accel-
erator. The hinge design has been tested and is in production.

In the process of establishing the design parameters for the mirror
system to bring the laser beam up to the klystron gallery, it was real-
ized that the required tolerances were overly restrictive. The mirror
system would have been the limiting factor toc the entire accelerator
aligrnment program. To avoid the need for the mirror system, the direc-
tion of the laser beam has been reversed. The detector will be installed

in the west portal of the accelerator housing. With suitable shielding,
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it is expected that a man will be able to work éafely in this area even
while the accelerator is operating.

The laser will be placed at a right angle to the accelerator housing
in a specisl cubilele under the road which crosses the housing behind the
east end of the klystron gallery. The radiatlon in the cubicle is ex-
pected to be low enough to prevent damage to the laser. The single small
mirror which is required for the laser is relatively easy to make and
support. The Beam Switchyard will have a second laser similarly located
which will form target images on the same detector used by the acceler-

ator system. A set of actusted bvaffles will permit the alignment cpera-

tor to choosgse either the accelerator or the Beam Switchyard system.
F. MAGNETIC SHIELDING AND DEGAUSSING

There was no technical effort in this program during this report

period. Shielding is being received, tested and installed routinely.
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V, INSTRUMENTATION

A. GENERAL

The work reported in this section was performed by the Instrumentation

and Cecntrecl and Light Electronics groups.

B. BEAM TESTS
The first two sectors of the accelerator have been under test for
three months. Results of these tests are reported throughout this report.
In general, all equipment has worked properly once correctly installed.
The beam proved very useful both to demonstrate the general adeqguacy of

the subsystem and to uncover minor design errors.

1. Physical Arrangements

A temporary injector from the Mark IV accelerator was installed at
the beginning of Sector 1.

The beam was analyzed at two points. One was at the beam analyzing
station (BAS) at the end of the first 30 feet of the accelerator, which
is part of the final injector ftune-up system. The other was a similar
set-up beyond the end of Sector 2 occupying the space where the first
4O ft. section of Sector 3 will eventually be installed. The temporary
analyzing station is sketched in Fig. 6. The spectrometer magnet is
identical to that used at the BAS. By increzsing nominal water flow and
maximum‘current and by using a deflection angle of 7.50 instead of 300,
it has been used td about 1.5 BeV even though it was originally designgd
for use to 250 MeV.

The deflected beam strikes a copper dump within a lead shield. The
undeflected beam also strikes a shielded copper block., A 3-foot concrete
wall was placed behind the dumps to reduce radiation downstream in the
housing. A gate was installed at the drift section downstream of
Sector 3, and it was found that the radiation at this point was less
than one mr/hr when the beam was striking one of the dumps; however,
even the addition of lead shielding around the 8-inch pipe between the
magnet and the foll assembly could not bring the radiation at this
gate below 5 mr/hr when the beam was deflected to miss the dumps.

An additional gate was installed at the foot of Sector 5. Radiation
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there is below 3/M mr/hr under all conditions of operation. The entire
area upstream of the latter gate is searched, cleared and lccked before

operation can begin.

2. Foils
An array of secondary emitter foils at the focal point of the magnet
is used as slits to examine the energy spectrum, In cne mode of
operation the foil outputs are seguentially sampled and presented on an
oscilloscope giving a continuous visual plot of the spectrum. In another
method of operation a single foil output is recorded on a chart recorder
as the magnet current is varied. The latter method has provided the
most convenient hard copy for experiments with the beam., The former,
however, is the only mode which will be usable in the switchyard.
Typical spectra obtained when the beam was swept across individual
foils are shown in Fig. 7. They all represent the same beam. The
solid curve is the normal scanning foil located at the focus of the
beam. The other two foils are located lower in the foil assembly so
that less magnet current is required to deflect a given beam to that
foil, It is clear that they are acting like identical slits,
The anomalous responge at about 175 amps appears for the same
beam deflection angle on all three traces. It can therefore be
explained as follows:
a) scattered electrons from the 8-inch drift pipe, causing a
hump below 175 amps, and
b) secondary emission from the "collector" assembly before the
beam has been deflected enough to strike an "emitter" foil,
causing a negative signal Just above 175 amps.
A similar‘anomalous response is observed in Fig. 8-D at the upper
end of the trace.
A typical experiment was to observe the change of energy versus the
position of the pfotection attenuator at the input to a klystron.
This attenuator is inserted whenever the klystron is off for more than
two seconds. The attenuator is then withdrawn slowly so that the
power gradually returns to a high level. A klystron is normally left
on "standby" (triggered 25 psec after the beam) until the attenuator is

fully withdrawn.
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For this experiment the klystron was allowed to accelerate the beam;
the attenuator was stopped at various significant points on its motion.
Data for a typical klystron is shown in Fig. 8. These tests were
performed on several klystrons. In general they all indicated that the
attenuator introduced more than 360O phase shift. The range of varia-
tion of energy during the motion of the attenuator is shown in Fig. 9.

It can be concluded that it would be very difficult to control the
beam energy unless the klystron is triggered at the standby time during
this attenuator cycle. The energy contribution can then easily be

compensated for by switching on another standby klystror.

3. Control System Tests

The testing of Sectors 1-2 has been primarily devoted to tests of
components and subsystem cperation as in the example above. The opera-
tion has also provided information about the control system as a whole.

A number of basic requirements of the control system are listed
below. ZEach point is followed by discussion based on results of operat-
ing experience.

a) The accelerator operates 24 hours per day so that routine
maintenance must be accomplished during normal operation.

The accelerator is shut down every day. In this mode of operation
some of the arrangements for turning on and off proved cumbersome.

The personnel protection system is designed for continuous sur-
veillance by an operator., Once the housing is cleared he can be sure
that no one will enter without his knowledge and that the rf can there-
fore be turned on whenever he is ready. Since an cperator is not
present 24 hours a day, there is no way to always be sure that the
housing is empty, and particularly rigid control must therefore be
exerted over the high voltage supply for the klystrons. Currently
this involves collecting 22 keys at the end of an operating pericd.

For all sectors of the accelerator this number would approach 300.
These keys would have to be ingerted in the appropriate points through-
cut the gallery before one could turn on again. The enzire housing would

also have to be searched.
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b) The subsystems are designed for unattended operation. The data
system transmits just enough information to identify the location of
faults. Faults are identified locally by instrumentation at the equip-
ment itself,

In general, operation has proved remarksbly stable. We have not
had maintenance crews running back and forth in the gallery making
continuous repairs. However, some subsystems are still not adequately
self-protecting. Modulators have been found to be not self-protecting
when condensers in the pulse forming networks blew up. The guadrupole
supplies could not handle intermittent open circuits. ZElectrical
substations and certain rf drive components were found not self-
protecting against overheating if cooling water failed.

c) As many signals as possible are handled as binary signals.

The remaining analog signals are handled in a system which i1s stable
and can be calibrated to the required precision.

Confusion has arisen from the assumption that detailed troubles
could be identified from the information gathered for Central Control.
During the interval when individual subsystems were being tested and
adjusted, no signal calibrations have remained constant.

d) Multiple beams are to be interlaced, with arbitrary patterns.
The beam monitoring signals for each pulse are transmitted tc Central
Control and the signals for each beam are separated at the console
display. .

The trigger system has shown that it is capable of handling multiple
beamg. Beam rates as low as 10 pps have been produced by the trigger
programming egquipment. The beam position monitors have adequate
sensitivity for steering but the zero setting is not yet stable. The
beam has been operated at 60 pps on each of the six possible phases.
During this test it was shown that the magnetic shielding eliminates
detectable 60 cycle steering of the beam, One spectrum monitor using
a set of foils for scanning the spectrum has proved usable. It has not
yet been tested on a pulse-to-pulse basis,

e) The sector is the unit trigger pattern control. The number of

klystrons in the sector determines the energy contribution of that
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sector. When a klystron fails, permanently or temporarily, it is
replaced automatically by a standby klystron.

It was found that replacing one klystron by another indeed had
little effect on beam energy. The automatic replacement circuit is
not yet operational. A distinct beam energy loss is observed during
the recovery cycle after a klystron fault, if the klystron is allowed
to accelerate the beam during completion of the cycle.

f) Monitoring of klystrons and of beam parameters is based on a
magnitude per pulse (peak sampled or integrated) rather than a time-
average value, The klystrons are turned off by a circuit which
measures peak reflected power. This appears to offer adeguate protection
for the klystron windows. The pulse-by-pulse beam position monitors
have not yet indicated stability. A pulse-by-pulse sampling circuit
for the spectrum monitor has been tested but is not yet ready for
regular service.

g) The injector is shut off automatically by signals from a long
ionization chamber parallel to the machine when fthe beam strikes the
accelerator or the walls of the vacuum chamber in the switchyard. The
injector is also shut off by faults which are likely to cause such
a condition,

The long ion chamber gives a good indication of where the beam
hits the accelerator. No automatic shut off circults have yet been
installed.

h) Steering controls are continuously available on a console
panel adjacent to the beam position monitor displays.

A routine to determine the relative displacement cf position
monitor and electirical axis of quadrupoles was fourd using the position
monitors and steering controls.

The adjustment of speed of the steering controls appears to be
eritical to operator satisfaction. An automatic method to produce
higher control speed in the high energy downstream sectors would be

desirable.
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C. DATA HANDLING

1. Status Monitoring

Binary status information at each sector will be transmitted to
Central Control on a time-shared multiplex system. The preproduction
mecdel was tested and has met all electrical specifications.

Apprcval for production was given in March, subject to incorporation
of a number of packaging improvements. Delivery of the first production

unit is scheduled for June 1965.

2. Analog System

Slowly changing analog signals will be transmitted to Central Control
by means of individual hardwire pairs and will be read on standard
panel meters.

The Engineering Design report has been approved and work has
commenced on the packaging for the Central Control switching relays.
A prototype relay chagsis will be built and is due for completion in
June 1965.

3. Beam Monitoring

Beam monitoring signals are transmitted to Central Control in
two forms:
a) An FM signal which gives an accurate representstion of the
charge per pulse (Q) at each sector, and
b) A multiplexed baseband signal which iransmits pulses represent-
ing log Q, x, y for each beam pulse. |
Preproduction units, consisting of two FM transmitters and FM
receivers, have been received; evaluation testing will start March 31
and will be ccompleted in April 1965,
Prototype transmitter and receivers for the position signals have

performed well in Sector 1 and 2 tests.

L, Remote Control

The remote control system congists of a transmitter which transmits
binary codes and a receiver in each sector which translates the codes

into a signal to actuate a relay or motor.
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Remote control signals are sent to each sector as binary coded
signals which may operate one control relay or motor at a time. A few
controls are transmitted directly on hardwire trensmission line-pairs.

Two remote contrel receivers and one thirty channel transmitter
have been installed in Sectors 1 and 2,

The bid package for production receivers and transmitters was issued
March 25. All receivers will have a 6l channel capability instead of

32 channels as previously planned.

D. BEAM GUIDANCE

Beam guidance equipment consists of the electronics for intensity
and position monitors, and power supplies and controllers for degaussing,
quadrupoles and steering dipoles.

Three beam monitor sector electronics units were installed in the
Klystron Gallery during the last quarter. These are fed from microwave
cavities located at the 30-foot beam analyzer station and at the first
and second drift sections. The sequential outputs, £n Q (beam charge)
and x and y position information have been fed by thes baseband telemetry
system to the temporary control room in the Sector 2 alcove and there
displayed. The displays have been satisfactory and nave aided greatly
in handling the beamn,

One unit of the electronic circuitry to give an output linearly
related to the charge in each beam pulse has been installed in the
Klystron Gallery above the first drift section. Final development work
is being conducted, preliminary observations indicating that the unit
works satisfactorily. The procurement package for the beam monitor
sector electronics, comprising #n Q, x and y and accurate Q circuitry,

is nearing completion.

E. TRIGGER SYSTEM

The trigger system consists of a master clock near the injector,
a distribution system for master clock signals, multiple trigger
generators near the equipment to be contrclled, and trigger programming

equipment in Central Control.
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All trigger system components used in Sector 1 and 2 tests are
installed and operating staisfactorily. A temporary injector trigger
generator will be replaced with a prototype of the final injector
generator in June 1965.

The sector trigger generator design has been completed and is out
for bid.

The comparator, pattern generator and Beam Switchyard trigger
generators are scheduled for completion during the last half of 1965.
All other subsystems have been prototyped and tested.

F. KLYSTRON INSTRUMENTATION

Several external monitoring and protection circuits are provided
adjacent to each klystron and mcdulator. These monitors include
vacuum, water, input and output power, de Q'ing, reference voltage,
maintenance operate switch, trigger delay, IQA package and reflected

energy.

1. Modulator-Klystron Protection System

Experience gained in testing of Sectors 1 and Z indicated generally
satisfactory performance of the M-K protection unit. However, minor
design modifications were required to improve reliability. For
example, it was found that the plug-in receptacles for the relays were
unreliable, requiring that the relays be wired in. In =z2ddition, a
minor circuit change was found to be desirable to increase the band-
width of the amplifier circuit in the detected reflected energy analog

fault sensing instrumentation.

2. Reference Voltage System

During this period, operational experience was gained using two
interim systems in the Sector 2 alcove. A decision was made to employ
a commercially available power supply, the Trygon Model R8160-1AX, as
the reference voltage power supply. A similar power supply, the
Trygon_Model RS160-1A, has performed satisfactorily in Sector 2. As
a result of test operations, minor design modifications have been made

in the monitor-rectifier.
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G. PERSONNEL PROTECTION SYSTEM

The personnel protecticn system has a machine shut-off circuit,
wnich turns off high voltage tc all modulators when the housing is
entered, an access control circuit which prevents ertry to a radiation
area while the machine is on, and radiation monitors and warning devices,

A temporary circuit containing the basic elements of the final
system has been installed in Sectors O - 5. Pressure for operation has
delayed installation of the final circuits and will probably continue
to do so for the next quarter. The operation of the temporary circuit
does not indicate any need for changes in the final system,

A portable radiation monitor with a sensitivity of 3 mr/hr full
scale and a response time of three seconds has heen developed and tested.
A second design is also under development. One of these will become the
standard portabie monitor.

A fixed gamma monitor (manway monitor) will be installed at each
normal accessway to the radiation areas. The primary purpcse of the
manway monitor is to determine levels of residual radioactivity in the
vicinity of the base of each manway penetration to determine the
hazard that will be posed to personnel who wish to enter. A secondary
purpose will be to determine radiation levels while the machine is in
operation for purposes of shielding evaluation, etc.

To eliminate a servicing problem in the two-mile gallery, high
stability and accuracy will be demanded of the electronics: Alsc, the
detector chamber will be located in a radiation environment that is of
& higher energy than i1s normal for the usual commercial detector, The
detector must be capable of reading correctly in pulsed radiation
fields with the requirement that the detector will rot saturate in a
field that is 10% greater than the highest meter indication (10 R).

The first requirement, stability, precludes conventional floating-
grid electrometer circuitry. The second reguirement eliminates detector
chambers constructed of iron, because the residaal activity of an iron
chamber is too high. To be more specific, we have tested chambers in
the high energy gamms fields of the Mark III and find that only an

aluminum chamber will be satisfactory. The third requirement, pulsed
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radiation, precludes Geiger tube detectors and narrows the detector
essentially to an icnization chamber.
An ionization chamber satisfying these requirements has been found

and procurement has been initiated.

H. MACHINE PROTECTION
The machine protection system provides three gun infterlock circuits:
a one-millisecond network using a carrier tone, a 50-microsecond network

using permissive-pulses, and a long ion chamber interlock.

1. One-Millisecond Network

The one-millisecond network consists of a tone generator and tone
receiver, and a set of tone interrupt units, one at each sector.
Preproduction units of the tone generator and receiver were received.
Tests were completed and production was authorized on March 10, subject
to incorperation of several minor mechanical changes. Delivery of the
production equipment is scheduled for June 1965. A final engineering
model of the tone interrupt unit has been produced by Light Electronics.
Evaluation testing started March 30 and will be completed by April 15,
1965.

2. 50 psec Network

A pulse train, generated in the switchyard, sllows the gun to he
turned on once for each pulse. Interlock circuits, acting on a pulse-
to-pulse basgis, interrupt the pulse train when it is determined that

the switchyard cannot accept the beam for the next pulse.

3. ILong Ion Chamber

The long ion chamber proved an invaluable aid in initial steering
of the accelerator. Because of the transient time of the beam down
the accelerator and the induced signal back through the cable to the
injector end, it has been found possible to determine where the beam
ig striking the walls of the accelerator. The steering was adjusted
to make the return echo as late as possible and, eventually, as small

as possible.

- o -



It has been determined that the long ion chamber will be installed
throughout the length of the accelerator housing. A similar ion

chamber will be installed in the switchyard.

I. CENTRAL CONTROL

The control console has been moved into the control building.
Installation of the remainder of the equipment is scheduled to start
during the next quarter.

It 1s desired to operate Sectorsl - 2 with beam from the Central
Control building as soon as the long haul cables to Sectorsl - 2 are
installed and can be hooked up.

Rack profiles, wiring diagrams and wire tables were prepared for
the 30 identical racks containing status monitoring equipment in Central
Control. This information is being incorporated by Systems Engineering
and Installations in a bid package due for release in April 1965.

Work on the Central Control room cscilloscope display modules has

progressed further and a design report is in preparetion.

J. CONTROL SYSTEM
The documentation of the control and monitor signals for Sectors
3 - 30 has been completed. The wiring diagrams for inter-connections
for Central Control will be made up from this documentation.
Documentation has been started on the instrumentation for the
positron area and the integration of the injector area, Sectors 0, 1,

2 and with Central Control.

K. COMPUTER CONTROL

Serious study is again being given to controlling various accelerator
functions by a computer. The present control system is designed entirely
for manual operation. Various pieces of interface eguipment are now
being studied sc that when the control characteristics of the machine
are known experimentally, some of them may be rrofitably assigned to

control by the computer.
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It is obvious that more efficient operation will be achieved through
such functions as aubtomation of steering and spectrum control. Such
control will be both mcre rapid and more reliable than straight operator
control of these functions, It will alsc reduce the tedium of the
operator's job and reduce the number of operators necessary to run the
accelerator. Another advantage of a computer which contributes to
improved efficiency 1s that emphasis on areas which need control can be
shifted through the simple expedient of programming changes. This fact
opens up the possibility of continually improving machine efficiency by
trial and error refinements on operating programs.

Improved monitoring and record keeping will be achieved through
antomation of status and analog monitoring functionsg within the computer.
Although these functions have been designed for surveillance by the
operatvor, it is felt that a computer may be needed to help process the
information during times of large changes. Furthermore, a computer
will simplify the recording of all log type information, and in the
case of large numbers of changes will ccntinue to log information where
an operator might fail. The presence of detailed machine recorded
information will aid greatly any statistical studies of compenent failure.
Such studies could be performed by the computer off line and lead to
Treventive maintenance procedures which maintain the accelerator at
much higher performance potential.

In the present study, it is proposed that the computer be associated
with status monitoring, analog monitoring, beam moritoring and steering,
spectrum control, as well as certain coff-line functions such as beam
programming, performance data and compiling. It would take a very
powerful computer to perform simultanecusly all of the functions that
are being considered. Fortunately there does not seem to be a require-
ment that all of the functions te performed simultaneously, but rather
a large number of them will be performed serially. There are a Tew tasks
which will be performed more or less continuously, and there are others
which may later be performed continuously after first being developed in
a serial fashion. As experience is gained, more and more of these serial
tasks can be made automatic and be put on a time sharing basis with cther

tasks.,
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VI. HEAVY ELECTRCNICS

A. MAIN MODULATOR !

1. Modulator Procurement

Production modulators began arriving this quarter. In February the
Tirst shipment of seven was received and shipments of seven arrived about
every ten days thereafter. By the end of the quarter, fifty-five had
been received (including the first twenty pre-production modulators).

Two production modulators (Serial Nos. 21 and 22), were installed
in the Test Laboratory for life testing of the modulators themselves
and pulse transformer tank components. The rest of the production units
were installed in the Klystron Gallery as they arrived. By the end of
the guarter modulators were being installed in Sector 6.

The first 20 pre-production units continued to be tested. Eighteen
units in Sectors 1 and 2 were run a few hours each working day for sector
tests. By the end of the quarter, they each had about 300 hours of high %
voltage operating time. Two other pre-production units continued to be
tested in the Test Laboratory. By the end of the quarter serial number
2 had 6230 hours and serial number 3 had 5560 hours of high voltage
operation time.

Life testing has indicated that these modulztors are, indeed, very
good units. There have been failures on some of the small parts, but
this was to be expected.' None of the major parts had failed except for
a few pulse capacitors. A total of 12 has failed of about 500 in cpera-
tion on the project.

Another defect in the modulators is in the step-start system. In
two of the pre-production modulators the start-up contactor held in too
long, resulting in overheating of the start-up resistors with subsequent
burning of an adjacent wiring harness. This situstion was partially
rectified by eliminating step-stop operation on the contactors. Other
measures are being taken to eliminate the trouble.

In two of the pre-production modulators the end-of-line clipper
fast shut-down circuit proved to be slightly too sensitive. These mod-

ulators would not run up to full output voltage before this circuit
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would shut them down. The circuit was made less sensitive by means of

g simple modification.

The fan airflow switches on the overhead fans have been a source of
trouble. Their operation has been impreved but they still cause occa-

gional trouble; work on the problem is continuing.

2. De-Q'ing

Qualification sample de-Q'ing switch assemblies from each of two
bidders were tested, as provided for in our Request for Proposal.

The rest of the de-Q'ing components, with the exception of the
voltage divider, were being replaced in the modulator contract by the
end of the guarter. The voltage divider has caused prcblems because of
noise pulses appearing on its output. These small pulses occasionally
trigger the de-Q'ing circuit early on the charging waveform, causing
about a 0.5% drop in output pulse voltage from the modulator. Although
this is not a serious problem, it should be eliminated if possible. It
may be due to corcna or various sharp points along the voltage divider
or it may be a result of noise in the deposited carbon resistors which
meke up the divider. We have tried various ways of eliminating the
trouble but have yet to do so.

In the meantime, the pre-production modulators in the Klystron
Gallery continued to operate with de-Q'ing, with the exception of a

failure of one switch assembly. This unit was subsegquently replaced.

3. Bwitch Tubes

The switch tube picture brightened considerably during this quarter.

One manufacturer finished delivering its CL-7890 order, giving us
50 pairs of these tubes. A second company had a problem with element
spacing varying during production. Our X-rays revealed the problem and
the company corrected it. By the end of the quarter, we had about 50
of their large XU 275A tubes. We exercised our option with them for
150 additional tubes. A third manufacturer continued to deliver accept-

able tubes. By the end of the quarter 41 were on hand.
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Life testing of switch tubes has yielded the following information:
Two tubeg have 2600 and 1200 high voltage hours esch, and are still op-
erating satisfactorily. We lost one tube after gbout two hundred hours;
it appeared to be a leaker. About ten other tubes are in operation but
with only a few hundred hours. Of the second company's KU 2754 tubes,
we have 5800, 2400, 1800, and 1800 high voltage hours each. The two
1800 hour tubes failed. The 2400 and 5800 hour ones are still in opera-
tion. Evidence indicates that by operating these tubes with "keep alive"
current their lives are lengthened considerably. The 5000 hour tube has
had "keep alive" operation for LEOC hours of its life. The 2400 hour
tube has had "keep alive" for 700 hours. The 1800 hour tubes had no
"keep alive” operation. Ancther ten KU 275A tubes are in operation in
Sectors 1 and 2 and test stand modulators with two hundred hours opera-

ting time.

4. Pulse Transformer Tank Assembly

During this quarter, production pulse transformers arrived on sched-
ule. 'The cores seem to change shape slightly with operating life, thus
degrading pulse characteristics. The manufacturer has been trying to
solve this problem. We are continuing to life test transformers and
feed back to them our findings. By the end of the quarter the manufac-
turer was still getting a few good cores from one source and was looking
into a second source as a backup measure.

A new set of specifications for another pulse cable contract was
drawn up and a new source was selected. A contract for the remaining
- cable assemblies was signed toward the end of the quarter.

The oil expansion chamber continued tc be a problem during this
quarter. The initial metal bellows type chambers were much too rigid.
Although they were within specifications, the large pressure differen-
tial between a cold tank (18 inches of mercury) and a hot tank (12 psi
gauge ) was undesirable. Such a pressure differential would place an
undue burden on the oil seal around the klystron body and increase the
possibility of an oil or air leak. The company was asked to look into

other materials and wall thicknesseg in order to reduce the pressure
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differential. They found that they could roll a bellows out of 0.010-
inch phosphor-bronze. This will result in reducing the pressure differ-
ential by a factor cof nine, which should be satisfezectory.

In the meantime, in order to continue production on pulse transformer
tank assemblies, a small quantity of rubber tubing which hasg been used

in the past as an oll expansion chamber wag ordered.

B. SUB-BOOSTER MCDULATCR

The first two sub-booster modulators have been operating practically
continuously since their arrival near the beginning of the guarter.
Initially, we had trouble with the auxiliary high vecltage power supplies,
but these units have been improved and appear to te operating satisfac-
torily. One sub-booster is installed in the Klystron Gallery for sector
tests. The other is on life test in the Test Laboratory. In February,
the manufacturer was given\production go-shead on the remaining 29 units.
At the end of the quarter it was gathering parts to begin building in
mid-April.

C. GUN MODULATCR

This group became involved in the gun modulator for the two-mile
accelerator during this quarter,.

We are modifying one of the two gun modulators received from the
manufacturer so that it will operate on a SLAC gun located in the tunnel.
We are striving to keep as much of the electronics of the system in the
Klystron Gallery as possible to minimize maintenance on components in the

Accelerator Housing.

D. STORAGE RING INFLECTOR MODULATOR
As a part of the storage ring study program, a full scale model of
an inflector modulator for pulsing an inflector magnet is being manufac-

tured. The design is finished and parts are being ordered.

E. MAGNET POWER SUPPLIES

During the quarter this group has become responsible for procurement

of magnet power supplies.
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The pulsed magnet power supplies, A and B beam quadrupole power
supplies, and %% regulation A beam dump power supply were all contracted
for during the quarter.

The A and B beam unregulated power suppliesg were close to being
contracted, and the A and B beam regulator is nearly through the speci-
fication writing stage.

The power supplies Tor the positron source solencids were out for
bid.

Specificaticns for a 5.8 megawatt power supply for the spark chauber

magnet were ncarly complete by the end of the quarter.



VII. MECHANICAL DESIGN AND FABRICATION

A,  GENERAL

A total of 52 forty-foot support girders had been assembled by the
end of the reporting period and 51 of these were installed in the Accel-
erator Housing. This meant that 36 of the assemblies were completed
during the guarter and 35 had been installed. By the end of March the
agsemblies were being completed and installed st a rate that approached
one per day and it was felt that this rate could be met and maintained
throughcut the balance of the year. ¥For the most part, associated hard-
ware such as rectangular waveguide penetrations and crossbars, waveguide
vacuum valves, rf loads and like equirment fabricated by MDF was being
assembled and installed at a rate in keeping with aceelersator structure

installation.

B. ACCELERATOR STRUCTURES

A total of 200 ten-foot sections of disk-loaded waveguide was com-
pleted during the reporting period, with completion meaning all testing
and tuning required to make the sections ready for installation on sup-
port girders. Two additional sections were fabricated but rejected
during testing for a shrinkage loss rate of 1%. By the end of March,

a total of 4,190 feet of disk-loaded waveguide had been fabricated and
readied for installation. The previously reported average of 17 sections
per week was maintained throughout the guarter.

Eighteen of the special seven-foot sections of disk-loaded waveguide
were being fabricated during the reporting period. These sections, which
will be used with the quadrupole triplets in Sectors 11, 12, 13 and 1k,
should be tuned, tested and ready for installation during the first part

of the next period.

C.  RECTANGUIAR WAVEGUIDE

A total of 30 crossbars and 59 thirty-eight-foct penetration wave-
guides were fabricated, tested, installed and tuned during the reporting
period. This brings the total production of these compenents to 50

crossbars and 105 penetration waveguldes.
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1. Phase Measurements, General

During the quarter, phase adjustment ﬁas completed from girder station
2-6 through 6-2. Operating tests on Sectors 1 and 2 gave no evidence from
a beam energy standpoint that the wavegulde system is mis-phased. Effort
was also concentrated on fabricating the remaining reflection-modulstor
flanges required for phase measurement and on assembling the new phase
adjustment console. The improved equipment and technigues made 1t pos-
sible to perform phase adjustment at a rate of better than five girder
stations per week. Wavegulde producticn, however, temporarily fell be-
hind girder production so that phase adjustment was performed on only
four girder staticns per week.

Phase adjustment data were examined for systematic phase asymmetry
built into the crossbars, penetration waveguides, and S-assembly waveguides.
The alternating coupler arrangement or "flip-flop" gecmetry required two
models of S-assemblies, with one for odd-numbered girders and one for
even-numbered girders. On odd-numbered girders, the injector end branch
of the S-assembly crosses over the accelerator structure and has two
mitre bends and several feet of waveguide which are not contained in the
target end branch S-assembly. The geometry on the even-numbered girders
igs the reverse of thiz. Therefore, odd and even-numbered models of the
S-assemblies were considered separately in examining phase adjustment
data. The before-tuning phase data had an approximately Gaussian distri-

bution, with mean and standard deviations as follows:

Component Mean Phase g
Crosshar plus
penetration Injector end o
waveguides 3° longer 25
Injector end o
0dd S-assembly 14° longer 11
Injector end o
Even S-assembly 11° longer 13

The phase density funetion of the crossbar-penetration wavegulde
complex is a combination of the individual density functions of three

large waveguide camponents; therefore, its o 1s larger than that of the
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S-assemblies. The S-assembly data indicated that the design of the cross-
over arm of both odd and even-numbered assemblies is correct and that the
average phase asymmetry is in the power dividers. The asymmetry is small
enough so that no corrective action is being taken.

Reflection modulators serial numbers 23 through 42 were built and
put into use during the reporting periocd. Sixty-six of these units have
been built with two being reserved for testing and calibration. The
remaining 6% units, or 16 sets, mean that the phase tuning schedule would
never be more than 16 girders behind the girder production schedule. The
modulators have been working well and all are still in use. The first
three sets, which have been used in more than a dozen girders, however,
are to be reworked because of recent design improvements and because of
wear at the vacuum sealing edges. Recalibration of the modulators after
each use has shown that é repetition rate in the moduwlator phase length
of better than + 0.20¢ is common and variations greater than + O.5O¢ are
rare. The sixteen sets thus should be sufficient for tuning the entire
machine.

The new phase adjustment console was built and put into operation,
greatly improving efficiency and reliability of adjustment. The various
waveguide components of the console were matched and waveguide switches
and flexible waveguide were used in parts of the circuit. Design was
also started on a transmission phase measurement circuit which will also
be incorporated intc the new console. This will eliminate the need for
the present 180° ambiguity test. The transmission method will require
additional circuitry and a more involved calibration procedure. However,
it will make the tuning procedure more efficient and reliable,particularly
during any retuning and troubleshocting of individual girders in the

completed machine.

2. Model A Directional Coupler

A total of 42 Model A couplers was canpleted during the reporting
period. A tabulation of the forward coupling ratio at low and high rf
power is given in Table I. Closer agreement between the forward coupling
ratio as measured at milliwatt and 10 kilowatt power levels has been

achieved by improving the insulation of the calorimeter load and the
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thermometers. An improved supporting system fcr the load and the units

under test also increases the reliability of the test setup.

3. RF Waveguide Vacuum Valves

Thirty-five vacuum valves were completed during the peried to bring
the total to 52 valves produced to date. Because of the consistency of
the data obtained on these units, the amount of low rf power testing has
been reduced. Presently, a VSWR versus frequency plot is being made for
one valve in six and on those units having an initial VSWR greater than
1.12 at 2856 Mc/sec.

L., RPF Loads

Of the three types of rf loads being produced, 105 of the Type A
were fabricated during the reporting period; 36 of the Type B loads and
their associated Model B directional couplers were made; and 9% of the
Type C were produced. The corrosion rate evaluations on the 304 stain-
less steel being used for the loads revealed that a sufficient problem
existed so that redesign of the loads was necessary. Copper plating was
added to the loads,and the water jacket about the load was replaced with
a water pipe brazed to the load.

A sumery of the initial VSWR for all Model C loads prcduced to date
ig given in Fig. 10 . These locads are being tuned to have an input VSWR
on the order 1.02 at 2856 Me.

5. Power Dividers

A total of 340 power dividers had been produced by the end of the
reporting period, with the average productiocn rate having reached three
units per day. Of the three types of dividers being made, power dividers
PDC and PDE are now being brazed in the retort-type pit hydrogen furnace.
The type PDA dividers are still being brazed in a horizontal hydrogen-
oxygen, open air flame furnace used for other rectangular waveguide com-
ponents because they are too large for the pit furnace.

As of the reporting date, approximately 10% of the power dividers
fabricated had to be repaired because of vacuum leaks at the flanges or
in the mitre joints. However, none of the power dividers made to date
have been off very far electrically and all cf therm could be tuned within

the limits of the specifications. Typical values within the power
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dividers after tuning are as fcllows:
Isolation - 35 dB lowest, 43 dB average, and 55 4B highest
Difference in power split between ports 2 and 3 - 0.1 dB average
VEWR - < 1.02 in all ports after tuning
Transmission loss - 0.05 dB + 0.02 4B

D. MAGNET ENGINEERING

The Magnet Engineering Group of MIDF was organirzed in the last
gquarter of 1964. During the reporting period, they prepared drawings
and specifications for a large number of the magnets to be procured for
the Beam Switchyard and End Stations together with a mumber of the com-
ponents associated with these magnets. The most significant items in work
were the pulse steering magnets, the 0.25-degree emergency bending magnets,
the three-degree bending magnets, the 0.l-degree pulse magnets, eight-
centimeter and 18.6-cm quadrupole magnets, dump megnets, stripping
magnets, and a photon beam bending magnet. The status of these magnets
and thelr designations are given below. The location of the magnets and
their associated camponents are shown in Figs. 13 and 14 of Section IX,
The Beam Switchyard.

1. Puise Steering Magnets, AP-1 through AP-5
The design of the pulse steering magnets, AP-1 through AP-5, was

nearing completion by the end of the quarter. It wag egstimated that the
magnets would be put out for bid early in the next period. Magnets

AP-1 and AP-2 are mounted in the Accelerator Housing and AP-3 and AP-L

are mounted just ahead of the high Z collimator at the entrance to the
BSY. The first four of these magnets provide for both horizontal and
vertical steering of the beam while AP-5, which is mounted immediately
ahead of the emergency bending magnet, B-1l, provides for vertical steering
only.

Each of these magnets, which are used to make fine corrections in
the position of the beam on a pulse-to-pulse basis, can also be run on
de if steering is not reguired on a pulse-to-pulse basis.

Magnets AP-1, 2, 3 and 4 can deflect the beam a maximum of 3 X 107*
radians. They have a gap of 1~l/2 inches and an effective length of
15-1/2 inches each. Their pulse rate is 360 ppe and each pulse is a
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600 cps sine wave., For deflection, the magnets each require 23 amps peak
and up to 1550 volts peak with a required gap flux of 640 gauss to provide
bending over their full length. FEach of the magnets hag a 48-turn coil
and hasg Tfree-convection, air cooling.

Magnet AP-5, which provides for vertical steering only, has a gap
of two inches and an effective length of 16 inches. Tt requires a pole
tip length of 520 gauss with a peak current of 24.L amps and a peak
voltage of 1€20 volts.

2. EPEmergency Bending Magnets, B-1 and B-2

The drawings and specifications for the two 0.25O emergency bending
magnets, B-l and B-2, were in full production during the quarter and it
is estimated that these will be ready to be put out for bid early in the
next pericd. These magnets, which are essentially backup units for the
PM-1 through PM-5, 0.1° pulse magnets, are located in the BSY on either
gide of the five 0.1° megnets. They are dc magnets but have a laminated
core that allows for on-off switching with a minimum rise time of one
second.

Each of the emergency magnets has a 2—3/u-inch gap and a gap flux
of 5600 gauss. Each requires 410 amps for this flux in a 96-turn coil
and each has a terminal voltage of approximately 18-volts dec. Fach of the
magnets is capable of bending the beam 1/40 right or left. They are
mounted on a single frame with the five pulse magnets and are equipped
with remotely operated, quick-disconnects for vacuum, water and power
connections. A protection collimatoris mounted immediately upstream
fram these magnets to protect them and their vacuum chambers fram direct

bombardment by a misaligned beam.

3. Three-Degree Bending Magnets, B-10 through B-17, B-30 through .B-36,

and Reference Magnets B-100 and B-300

The coil and assembly packaging contract for 13 three-degree bending
magnets was awarded during the reporting period. The contract for the
cores for these magnets had been awarded at the end of the previous re-
porting period. Reference magnets, B-100 and B-300, which will be in-
stalled in the Data Assembly Building, were also included in this award.
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4, Pulse Magnets, FM-1 through FM-5

The design of and specifications for the 0.l-degree pulse magnets,
™M-1 through PM-5, were completed during the quarter and both the cores
and the coils and packaging assemblies will be out for bid in the first
weeks of the next quarter. These magnets are capable of bending the beam
0.1 degree each on a pulse-to-pulse basis and either to the left or to
the right.

The magnets have a gap flux of 1700 gauss and an effective length of
85 cm. They require a peek current of approximately 300 amps in their
two coils of 24 turns each in parallel for 1700 gauss gap flux. They
require a voltage of 2500 V and have a pulse repetition rate of 360 pps
with each pulse a full sine wave of 600 cps. As indicated regarding
the emergency bending magnets, B-1 and B-2, these pulse magnets are
mounted on a single frame with the emergency magnets which provide back-

up should the pulse magnets fail.

5. Quadrupcle Magnets, Q-10 through Q-14, Q-20, 21, 23, and 24, and
Q-30 through Q-3h

The contracts for steel cores and the coil and assembly package for

two 18.6-cm quadrupole magnets, Q-12 and Q-32, were let during the quarter.
Contracts for the coil and packaging assemblies for eleven 8-cm quadrupole
magnets, Q-10, 11, 13, 14, 20, 21, 23, 24, 30, 31, 33, and 34, and for
their cores were let during the last month of the quarter. (Twelve
magnets are listed; however,one isan on-hand prototype that is being re-
worked for future installation.)

Magnets Q-10 through Q-1% are located in the A-~branch of the BSY,
while Q-30 through Q-34% are located in the B-branch as shown in Figs.
13 and 14 in Section IX, Magnets Q-20 and Q-21 are provided for use with
the photon beam in End Station A and Q-23 and @-24 are to provide control

over the optics of the electron beam in EFnd Station A.

6. Stripping Magnets B-29 and B-29A and Bending Magnet, B-28

The preliminary design of photon beam stripping magnet B-29 was cam-
pleted by the end of the reporting period while the design for photen
bear stripping magnet B-20A and photon beam bending magnet B-28 was in

criteria review. Tt was estimated that the design of all three magnets
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would be completed during the next quarter and that project review would

also be complete and the magnets let ocut for bid.

7. Dump Magnets, B-23 through B-26
Contracts for the complete package for the four "A" system beam

dump magnets, B-23 through B-26, were let during the reporting period.
These four magnets direct the beam to the beam dump in End Station A.

8. Associated Magnet Hardware

The gpecification package for a Request for Proposal for ceramic
water tubes and bellows connectors for BSY magnets was prepared and let
out during the last part of the reporting period.

Quick-disconnect vacuum couplings associated with the magnets and
other BSY equipment were tested during the period. More testing is to
be performed in the next quarter, but it is estimated that the design
is 95% resolved.

E. PRECISION ALIGNMENT

Precision alignment personnel were concerned with two principal
areas during the reporting period: the first sectors of installed
accelerator and the Beam Switchyard.

Concentration with the accelerator sections initially was on the
precise alignment of Sectors 1 and 2 for the beam tests. The optical
tooling and techniques used for shop alignment and at initial installa-
tion were found to be inadequate when temperature control water at llBOF

was Introduced to the accelerator sections in the housing. (This was
due to heat wave problems encountered in using optical equipment.)
Therefore, a special stretched-wire technique of alignment was developed
for the 660-feet of accelerator in the first two sectors. A second
development for aligning individual 40-foot segments under housing
conditions using the stretched wire technique was alsoc undertaken and
proved successful. These techniques and procedures will be described
in the next Quarterly Report.

In the BSY area, techniques were developed for positioning mirrors
on magnets and other switchyard ccmponents. Conceptual design of second
level alignment in the BSY was also campleted during the period and will
be described in the next QSR.
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TABLE I
Model A Coupler - Tabulation of Deta

Summary Review of Data on Production Units.

T T e w20 | & Comtings e Cowtng| TR
11 51.83 dB| 51.47 aB | - 0.36 aB 51.61 4B 1.035%
12 52.11 dB| 52.16 aB | + 0.05 52.16 4B 1.06%
13 51.82 @B| 51.51 4B - 0.31 51.71 dB 1.055%
1k 51.95 dB| 51.60 dB - 0.35 51.88 &B 1.075%
15 51.60 3B 51.65 dB + 0.05 51.67 dB 1.0k
16 52.65 dB 52.54 8B - 0,11 52.60 dB 1.0352
17 52.35 dB| 52.19 4B - 0.16 52.34 aB 1.06%
18 51.71 dB| 51.36 aB - 0.35 51.74 &R 1.072
19 52.0 dB| 51.99 dB | - 0.01 52.0 4B 1.07%
20 51.81 aB| 51.88 @B | + 0.07 51.76 aB 1.08%
21 51.99 4B 52.04 dB + 0.05 51.92 4B 1.0k
22 51.21 4B not calibrated | - 0.00 51.21 &B 1.04
23 51.76 4B 51.72 dB - 0.0k4 51.77 4B 1.06
2L 51.19 dB 50.97 dB - 0.22 51.14% 4B 1.04
25 52.06 dB 51.96 dB - 0.10 52.02 4B 1.0k
26 51.54 dB jnot calibrated | - 0.00 51.57 dB 1.03
27 51.34 4B 51.13 dB - 0.21 51.31 4B 1.0k
28 52.07 dB 51.88 aB - 0.19 52.0k 4B 1.0k
29 51.36 dB 51.11 dB - 0.25 51.34 dB 1.0k
30 51.05 dB 50.86 dB - 0.19 51.05 dB 1.0k
31 51.41 4B 51.26 B - 0.15 51.%1 4B 1.04
32 51.37 @B 51.16 aB | - 0.21 51.16 4B 1.0k
33 51.42 4B 51.32 dB - 0.10 51.43 4B 1.03
3k 51.37 dB 51.29 dB - 0.08 51.38 dB 1.04
35 51.08 &B 50.96 dB - 0.12 51.12 dB 1.04
36 51.40 4B 51.18 aB - 0.22 51.33 dB 1.02
37 51.12 dB 50.96 dB - 0.16 51.12 dB 1.03
38 51.02 4B 50.78 dB - 0.24 51.01 dB 1.0k

Using low power value as reference.

2Tneludes VSWR of rf valve.

_57_




Forward Coupling level

Sﬁg%al ot ~ W | at ~ 10 | 2 Coupling” Revi;ffuagypling (Zﬁiﬁt)
39 51.08 aB | 51.00 dB - 0.08 aB 51.14 4B 1.03
Lo 51.13 dB | 51.07 4B - 0.06 51.14 aB 1.03
b1 51.40 aB | 51.18 4B - 0.22 51.27 dB 1.04
Lo 51.55 4B | 51.33 dB - 0.22 51.53 dB 1.0k
43 51.23 dB | 51.04% dB - 0.19 51.18 dB 1.03
Ly 51.37 @B | 51.1 dB - 0.27 51.41 aB 1.02
45 51.28 @B | 51.04 16xW | - 0.2k4 51.27 4B 1.03
46 51.54 @B | 51.34 " - 0.20 51.53 aB 1.04
L7 51.40 aB | 51.20 " - 0.20 51.32 dB 1.0k
L8 51.21 4B | 51.0 " - 0.21 51.17 4B 1.03
ko 50.93 4B | 50.64 15kW| - 0.29 50.89 4B 1.0k
50 50.65 dB | 50.k4 " - 0.25 50.63 4B 1.04
51 51.57 dB | 51.37 9.3&| - 0.20 51.51 dB 1.0k
52 51.55 dB | 51.28 16xW{ - 0.27 51.55 dB 1.03
53 50.92 4B | 50.71 " - 0.21 50.90 dB 1.02
54 51.28 @B | 51.09 9.3 | - 0.19 51.32 4B 1.02
55 50.70 @B | 51.51 " + 0.81 50.62 dB 1.0k
56 51.43 aB 51.36 4B 1.04
57 51.41 aB | 51.20 " - 0.21 51.37 4B 1.0k
58 51.09 dB | 50.89 " - 0.20 51.07 dB 1.0k
59 50.75 dB | 50.59 " - 0.16 50.70 dB 1.03
60 | 51.30 @B | 51.10 " - 0.20 51.30 dB 1.04
61 50.88 4B | 50.89 10%W 0.01 50.86 dB 1.03
62 51.61 4B | 51.63 " 0.02 51.65 dB 1.03
63 50.82 dB | 50.76 9kW - 0.06 50.93 4B 1.03
64 51.52 dB | 51.45 " - 0.07 51.55 dB 1.03
65 50.98 aB | 50.92 " - 0.06 51.05 dB 1.02
66 51.90 dB | 51.83 " - 0.07 51.90 4B 1.03
67 51.48 aB | 51.30 " - 0.18 51.50 dB 1.03
68 51.05 @B | 50.97 " - 0.08 51.05 aB 1.01
69 5L.42 @B | 51.41 " - 0.01 51.40 dB 1.04
70 50.83 aB| 50.78 " - 0.05 50.80 dB 1.0k
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VIII. KIXSTRON STUDIES

A, GSUMMARY

During the quarter, the two main klystron suppliers have continued
deliveries so that by the end of the quarter a total of 43 tubes had
been received from RCA, of which 22 were accepted under end-of-life
specifications, ten under Tull specifications, and five were still being
tested, Sperry had delivered a total of 28 tubes, of which ten were
accepted under end-of-l1ife specifications, two as full specification
tubes, and four were still being tested.

The backup program with Eimac and Litton has resulted in the de-
livery of one tube from Eimac, accepted as a full specification tube,
and three from Iitton, one accepted as end-of-life specification, one
as full specification, and one still in test.

Most of the SIAC Xlystron work has been directed toward further
improvement of the design by introducing minor changes in drift dis-
tances and other characteristics of the tube body. At the ssme time,
a number of starts have been made to enable the fabrication of tubes
to operate on permanent magnets which are due to be received the fol-

lowing quarter, but all tests this quarter have been run on electromag-
nets only.

Some life testing of vendor klystrons has been resumed, and the
kXlystron installation has been completed in the first two sectors of
the machine. In general, the klystron operaticn in the first two
sectors has been highly satisfactory. Twenty-three klystrons were in
gstorage at the end of the gquarter, and ready for installation in the
Klystron Gallery; some were lacking PT tanks,

The total delivery to date of sub-booster klystrons is 76, including
tubes replacing those which failed within warranty periods of either
plate or shelf life. A total of 37 sub-boosters has been accepted, 13
of which are now in use,

Window work has been continuing both in pre-testing windows for

SIAC klystrons and in evaluation of coating techniques and further window
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improvements. 8Six windows have been undergoing life test for a total

time of 4700 hours each with no failures to date.

B. KLYSTRON PROCUREMENT

A considerable amcunt of effort has been spent in the analysis of
the contractor's capabilities and of the klystron requirements during
the installation period and the first few years of operation. As a
result of these studies, recommendations have been made to the AEC con-
cerning the total number of klystrons to be purchased, total number
of magnets to be purchased, and the companies with which the purchases
should be negotiated. Specifically, an option has now been exercised
with RCA for the delivery of an additional 36 tubes and magnets to
fulfill initial installation reguirements.

As a result of the negotiated repair contract which involves a turn-
around time of 90 days, and considering probable failure rates of kly-
strons during the first years cof operation and the need for a number
of tubes always available at SLAC, it turns out that the number of
spare tubes needed to fill up the pipeline is almost equal to the number
of tubes in operation. Hence, the option with RCA was also exercised
to increase the total number of tubes purchased without magnets to
satisfy the spare requirements during the first few years of cperationm.

However, to insure the full utilization of the tubes purchased
without magnets, the contract has been amended to provide for tube and
magnet interchangeability and a shelf life guarantee. Under these con-
ditions, should a spare tube not be operable when it is needed for
replacement of a tube having failed on the machine, it shall be replaced
by a new tube at nc cost to BLAC.

The overall study also indicated the desirability of negotiating a
contract with a third vendor. Proposals were received from Litton and
Eimac, and negotiations with Litton have begun.

Similarly, the repair contract with Sperry has been negotiated, and
exercise of option quantities with Sperry will be negotiated during the

next quarter in accordance with our analysis of tube requirements.
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1. RCA Subcontract

RCA is continuing a parallel engineering and production effort for
gradual improvement of their tube performance and tube yleld. Their
engineering program is directed toward evaluating design changes cover-
ing the following:

Modification of drift distances.

Investigation of cathode-ancde spacing in relation
to both perveance increase and gun oscillations.

Censtruction of a tunable cavity tube to investigate
optimum cavity fregquency.

Duplication of the Stanford design for evalustion.
Freezing of design parameters for full scale prcoduction.
Eveluation of optimum magnetic field and final
specification thereon.

The major accomplishments of this period were a final specification
on the magnetic field and some testing on tubes with modified drift dis~
tances. No conclusive date was obtained on gun oscillations versus cath-
ode spacing; however, this part of the program did give information
required to increase the perveance up to a nominal 2.0 microperveance.
The Stanford duplicate and the tunable tube both have suffered construc-
ticnael delays and have not yet been tested. In spite of numerous acci-
dents tc the engineering model tubes, progress has been made in power
output to the point where almost all the tubes finishing final test are
giving full specification output. This progress has been atiributed
partially to some slight changes in drift distances and partially fo an
improvement in the permanent magnet fields.

It has been reasonably well demonstrated that the criteria for good
tube performance is not necessarily a high axial magnetic field; rather,
good performance generally occurs when the transverse field component is
minimal. Thus, with axial fields of about 1000 gauss and transverse
fields less than 10 gauss, full specification performance may be obtained
with magnets currently being delivered. Transverse field compensation
with magnetic shunts has not been completely resolved; however, it appears
that with no field reversal, present magnetic shunts may be effective.
RCA expects that its present specification to the magnet vendors will

insure optimum performance for & particular tube design.
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RCA tubes generally reguire a careful balance between maintaining
12 MW output &t 200 XV and over 21 MW at 250 kV. This balance is usually
cbtained by adjustment of the output wavegulde tuners. It is expected
that completion of the engineering program will provide a design that
gives well over the minimum values noted above. Although a few tubes
have shown ample power margin at the above voltage levels, 1t has not
been clearly understood just why such performence was cbtained.

The problem of pulse ripple and "glitches" is yet to be resolved.
These phenomena occur frequently and are a major cause for tube rejection
at final (RCA) test. It is expected that a better choice of cavity fre-

gquency may mitigate this problem.

2. Sperry Subcontract

During the gquarter Sperry was able to complete the fabrication and
shipment of tubes corresponding to their initisl design (end-of-1ife
sPecifications), and to conclude satisfactorily an engineering program
to demonstrate the design of a full specification tube. As a result of
this program, which covered the construction and test of nine engineering
model tubes, a tube body design comparable in dimensions to the Stanford
design has been utilized by Sperry as a production design, and firm mag-
netic field regquirements have been established.

Although Stanford's electrical specifications are met by the Sperry
tubes, we have cbserved a relatively large number of tubee which are
either sparking or gassy; the acceptance rate of Sperry tubes by Stanford
has not been as high as anticipated because of these prcblems. Sperry
has been informed of the problems and is working in the fabrication

techniques area to imrrove their product.

3. Eimac Subcontract

A series of constructional problems and failures of both tubes and
test equipment consumed the major part of the quarter, with the result
that only one tube was delivered to Stanford. The tube showed very good
performance with power output comparsable to the Stanford tubes. This is
to be expected since Eimac's design is a copy of Stanford's. Work on
+he extended interaction structure for & high efficiency tube has been

terminated.
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4, Titton Subcontract

Iitton has delivered three tubes during the quarter which are essen-
tially copies of the Stanford design. The main difficulty encountered
with these tubes is that the performance meassured at Stanford is usually
substantially lower than that measured at Litton. In the last tube, we
remeasured the magnet and found that the field had been degraded approxi-
mately 100 geuss, which would explain the poor tiube performance.

Litton built and tested a tube with extended interacticn output cav-
ity. However, the results were extremely poor, including oscillations
and output power lower than in standard tubes. It is expected that
Titton will do no further work on extended interaction cavities under

this program.

5. Stanford Built Klystrons

The emphasis at Stanford during the guarter has been on further en-
gineering improvements to our tubes, and these will be reviewed in the
section on Klystrcon Fabrication and Development. Some of the experimen-
tal tubes which have performed satisfactorily in electrcmagnets will be
tested in permanent magnets when these become available and should then
be ready for installation in the Klystron Gallery. Sufficient materisal
has been ordered to allow for a reascnable fabrication schedule during

the rest of the year.

6. Magnets

A contract has been signed for the procurement of 36 magnets for use
with the Stanford-built tubes. In general, the manufacturers appear to
be able to meet our specifications or ocur tube vendor's specifications,
and there seems to be an improvement in the delivery rate. Hence, at the
present time we do not anticipate that magnets will cause any major prob-
lems in achieving klystron installation on schedule. However, we are
still retaining the possibility of switching to electromagnets for a

portion of the accelerator if needed to meet installation schedules.
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C. FACILITIES .

The high temperature ceramic metslizing furnace mentioned in the
last report* is now in full operation. It has performed extremely well,
giving high quality metalizing for our own requirements as well as for
the requirements of other groups within the project.

The window coating equipment is still being improved, particularly
with respect to methods for measuring the thickness of the titanium
deposited on the windows. Several techniques have been evaluated, in-
cluding & commercially available coating monitor based on photometer
measurements. However, the results were not as good as the quartz crys-
tal resonance shift technique tested previously. Hence, 8.5 Mc crystals,
s crystal impedance meter, and counters have been obtained and are being
installed to enable us to monitor the coating and to make in-process
measurements of the crystal rescnance shift and the corresponding coat-
ing thickness.

The X-ray facilities continue to be used extensively, both by the
XKlystron Group and other SLAC groups, including Mechanical Design and
Fabrication, Heavy Electronics, Health Physics, and other users inter-
ested in effects of radiation on materials.

The trailers,carrying equipment for klystron installation and tests,
have been completed and tested satisfactorily, both in the mock-up test
stand and in the gallery. Other klystron handling eguipment such as a
special truck, storage dollies, etc., have been received and have proven

satisfactory in operation.

D. KLYSTRONM CPERATION IN THE GALLERY

Eighteen klystrons (13 RCA, three Sperry, two Stanford) were in
operation in the gallery at the end of the quarter. As an aid in test-
ing the first two sectors, as well as in training our personnel to main-
tain proper klystron operation, the Klystron Group has supplied one tech-
nician and one supervisor during each night's operation. In general, the

klystron operation appears satisfactory, with detailed comments below.

*
"Two-Mile Accelerator Project, Quarterly Status Report, 1 October
to 31 December, 1964," SLAC Report No. 42, Stanford Linear Accelerator
Center, Stanford University, Stanford, California (1965), p. 58.
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1. General Performance

The performance of the klystrons operating on the machine in the
first two sectors has been monitored regulerly during the past quarter.
Date has been recorded virtually every evening that the accelerator has
been running. Recently, some measurements were mgde in the daytime with
no accelerator beam. In general, the performance has been consistent,
with ne indications of klystron deterioration. There are, however,
systematic differences between the gallery data and the klystron accept-
ance test data. The kKlystron beam current measurement is made on the
primary side of the pulse transformer in the gallery, and a firm ratio
for transferring this current measurement to the secondary side has not
yet been established. Tests are now being conducted to resolve this
problem. The measured power outputs using calibrated directional coup-
lers and a temperature compensated thermistor bridge averasge about 5%%
higher than the calorimetric measurements made during the acceptance
tests would indicate.

There were scme stations which repeatedly responded tc reflected
energy faults when the trip level in the modulator-klystron protection
wit was set in the 0.5 MW range. It was decided that if the trip level
was relaxed to 2 MW there would be adequate protection for the klystron
output window and the ocutages due to lower level, harmless reflected
power occurrernces would be eliminated. This also reduced the output
waveguide clean-up time considersbly.

The vacuum protection in the output window region works moderately
well, although there are still some reservations on the reliability of
one of the cold-cathode, discharge-gauge control units used. The pro-
tective circultry is now adjusted to disazble the modulator if the pres-
sure in the ocutput waveguide exceeds 10 ® torr. The vacuum pumping sys-

tem works well except for the ion pump outage in the middle of Sector 1.

2. Harmonic and Phase Measurements

The investigation of possible adverse klystron performance due to the
presence of the wavegulde valve has been completed. Of concern was the
possible interaction between harmonic reflectiocns from the valve and the

output phase at the operating frequency. Using a two-video signal phase
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bridge, the phase shift throcugh the klystron was displayed on the oscil-
loscope face with a sensitivity of approximately one electrical degree
per centimeter. This allowed easily discernible phase instabilities as
small as O.1l electrical degree if present. These measurements were made
on all 18 klystrons at approximately 230 kV. Photographs were taken of
the beam voltage pulse top, the detected rf pulse and the video phase
display for each klystron. Close Inspection of the pictures revealed no
vhase variations in excess of 0.4 electrical degrees which were not di-
rectly related to the deviation from flatness of the beam voltage pulse
top or the beam voltage amplitude jitter. At present, the phase vari-
ation across the rf pulses due to the non-flatness c¢f the beam voltage
pulses averages about two electrical degrees.

Harmonic power measurements were made on three klystromns in the
gallery and on one klystron on the mock-up test station. These measure-
ments were made using a seriles of filters on the reflected power arm of
the Type A directional coupler in the output waveguide. Since the
Type A coupler has not been calibrated for the various modes of propa-
gation at the harmonic frequencies, the reduced data determines only the
harmonic content measured by the power meter and not the content of the
klystron output.

Measurements on the mock-up klystron showed that the measured re-
lationghip between frequency components in the harmonic spectrum is
altered considerably when the waveguide valve is removed. Shifts in the
harmonic standing wave patterns with respect to the coupler may be the
cause of this measured change in harmonic spectrum.

The larger amount of phase Jjitter with the wvalve in the circuit which
was reported previously® appears to have been due to FM in the driver

which appeared as Jjitter in the phase display.

3. Modulator-Klystron Protection

The reflected energy portion of the M-K protection unit appears to
work satisfactorily since many klystron interruptions have been observed
as a result of its operation. However, an attempt has been made to de-

termine the actual operation on a single pulse basis by initiating an

*
Tbid. p. 60.



arc in the waveguide in which the system is installed. Several combina-
tions of matched tungsten electrodes mounted in the waveguide were tested
to achieve repeatable arcing at given levels. However, no electrical
breskdown has been obtained yet below 30 MW. The unit is being redesigned
to hopefully bring the arc-over level at abcout 10 MW.

E. KLYSTRON FABRICATICN AWD DEVELOPMENT

A dozen experimental tubes were built and tested during the quarter.
The following modifications were introduced: (1) change in output cavity
gap spacing to improve the energy transfer, (2) minor varistions in drift
distances to determine the effect of bunching parameters, (3) adjustable
cathode position to determine effect of gun alignment, and (4) extended
interaction output cavity.

At present it appears that the greatest improvement has been cbtained
by a slight change in drift distances or bunching parameters. Two tubes
built with the modifications have given an efficiency of approximately
hl% at 250 kV with good stability and gain. Figure 11 gives the results
cbtained with one of these tubes with optimum focusing at each voltage
level. The change in output gap had little or no effect in operation,
and no significant improvement in transmission could be found by adjust-
ing the cathode-anode spacing in the adjustable tubes.

The first of several planned extended intergction cutput klystrons
has been tested. The tube is stable but unfortunately the power cutput
is no better than for a standard output. In fect, the efficiency barely
reaches 35% compared to better than.uo% in some of our standerd tubes and
L1% for the modified bunching parameter tube.

As a result of the tests with the adjustable cathode tubes, the cause
of heater hum which is o¢bserved occasionally remains unknown since small
changes in cathode alignment did not appear to have any significant effect
on heater hum in the experimental tube.

Continuing improvements are being attempted in the fabrication and
exhaust techniques to give as high a yileld and as easy a processing as
possible. To date, no significant correlation has heen observed between
various modificaticons in baking and fabrication techniques attempted and

the gassiness or lack thereof as the tube is being processed.
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In the area of tube rework, however, & significant improvement appears
to have been achieved by using & 3% formic acid rinse of the tube body
before it is reassembled on a new gun. However, in two cases a window
which had been running cool previocus to reworking ran hot alfter rework,
and it is suspected that the formic acid,combined with the high tempera-
ture bekeout, has an effect on deteriorating the window ccating.

Facilities for remsgnetizing permanent magnets have been completed
and tested. Until now, we have been able to achieve in several magnets
an axial field which is equal to or better than that measured when the
magnet was initielly delivered. However, the transverse fields were
higher than acceptable and additional work needs to be done to resolve
the transverse field problems.

Stanford-built tubes and diodes are still being operated regularly
by various SLAC groups. As of now, one dicde in use by the Modulator
Group is still in satisfactory condition after 4200 hours of operating
time, and the SLAC-built klystron used on window life test equipment has
over 1900 hours of full power operation. No klystron failures were re-

ported during the quarter, but one diode failed on the mock-up test stand.

F. XLYSTRON INSTALTATION AND MAINTENANCE

As stated above, 18 tubes are installed in the klystron gallery. In
addition, 23 spare tubes are available for installation in the gallery.
Two tubes are undergoing life test in the Test Laboratory and, although
from & power output and stability standpoint these tubes are still setis-
factory, the X-radiation from the tubes has gradually increased and ex-
ceeded the specified limits in approximately 200 and 400 hours respectively.
This phenomenum hed not been observed in tubes which were previously life
tested in the test stands. Radiation protection has been provided by
adding lead shielding as needed around the tube transformer tank and mag-
net, but the situation will have to be followed closely in the gallery
to insure ﬁhat safe radiation levels are not exceeded.

During the first three months of gallery operation, one tube failed
by cathode seal puncture near the hester seal end of the bushing. This

is very unusual and the reason for this early failure has nct yet been

ascertained.
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G. HIGH POWER KLYSTRON WINDOWS

1. Resonant Ring Tests

a. Klystron Window Pre-Testing

A total of +twelve klystron windows were pre-tested in the all-metal
ring (up to 42 M¥ at 36 kW) during the quarter. All windows were judged
suiteble for tube service on the basis of satisfactory performasnce during
ring test. The ring duty factor was changed to 8.6 X 10 * at the first
of the year when the magnetron ring driver failed and was replaced by the
in-house fixed frequency drive line. The house drive has been in use
since and ring tuning is now being done by means of wavegulde tuning
rather than by frequency variation as had heen the case when the tunable
magnetron was being used.

b. Window Coating Tests

Several short test sequences were used in investigeting various
aspects of the sputtered titanium coating. Coating stabllity is being
studied in connection with signs of window deterioration asscociated with
tube reprocessing. Experiments have been and are being made with the
intention of identifying reasons for the effectiveness of the coating
and relationships to variations in the coating procedure.

Window overheating was observed during operation of two reprocessed
SLAC klystrons. Reprocessing includes rinsing of the tube interior with
a 3% formic acid cleaning solution. A series of resonant ring tests is
now being performed to determine whether or not the acid rinse is respon-
sible for apparent deterioration of the window costings in the reprocessed
tubes. Tests completed to date seem to indicate that the cleaning rinse
follcowed by a bake cycle doés reduce the effectiveness of the window coat-
ing. A previous test of the effect of formic acid rinse was included in
the test program on RCA window coatings. No ill effect was detected in
that test, but the rinsed sample used had not been baked.

An attempt was made to determine whether secondary electron suppres-
sion is indeed the dominant reason for the effectiveness of titanium
coating. A suggested alternative beneficial effect would be the ability
of the coating to provide a lower resistive path for removal of charge

accumilated on window surface which might otherwise contribute to
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dielectric failure. An experiment was devised in order to discriminate
between thege effects. This test involved application of coating to all
of the window surface exceplt for a narrow circumferential band. This
technique provlided an interruption of the conductive path without signif-
icantly reducing coating coverage. This test seemed to indicate dominance
of the secondary electron suppression function of the coating as no symp-
toms of charge accumulation were observed. In a subsequent test the width
of the uncoated perimeter band was increased with a noticeable increase

of multipactor heating resulting.

Further attempts to explain the absence of multipactor on several of
the uncoated alumina windows tested in the original ring have led to the
suspicion that films of impurities, oil vepor in particular, may be cap-
able of suppressing secondary electrons. A window which had operated
free of multipactor in the 0ld ring was mounted in the high-vacuum ring
and tested to high power (36 MW, 31 kW) without multipactor. The window
surfaces were then wet-blasted and a second test performed during which
multipactor occurred and eventually resulted in thermal failure at 25 MW
(21 kW). This result terds to support the suspected impurity film theory
and further tests are planned, using a variety of surface treatments on
multipactor-proof "dirty" windows. ‘

c. Material Study Tests

Another specimen of AL-30CL ceramic, a finer grained variation of
AT,-30C composition with increased mechanical strength, was tested to max-
imum peak power {7L Md, €0 pps) and average power (45 kKW, 360 pps) with-
out multipactor overheating, or damage of any kind. By contrast, the
first AL-300L sample had failed thermally following multipactor. There
seems 1o be no indicatlon that this ceramic differs substantially from
AT-300 in any properties effecting high power window service, except for
the increased mechanical strength.

Window material study has been extended to include evalustion of glass
windows. Excluding consideration of quartz, which has already been tested,
pyroceram was chosen for testing on the basis of published data on physi-
cal properties which indicate its superiority to other available glasses.

Six l/8—inch X 3-inch discs of pyroceram were obtained, two of which
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have been tested in model A geometry in the original ring. Both windows
failed thermally while being operated at a relatively low power level

(13 MW pesk, 2 kKW average). The two "failures" were identical, both
characterized by excessive loss in the dielectric, high temperature gra-
dient {> 4oo® center-to-edge) and extreme variations in dielectric con-
stant and irreversible reduction in electrical resistivity, both cbviously
caused by high temperature operation. HNeither window was physically dam-
aged, but the excessive dielectric/resistive losses clearly represent
failure in themselves. Multipactor was not involved in the behavior of
this material. No visuwal symptoms of multipactor were observed and ti-
tanium coatings had no effect on window performance whether applied before
or after initial operation of the window. As pyroceram is c¢learly nct
suited for use as a window material, the high vacuum ring tests scheduled

for the femaining samples have been cancelled.

2. Window ILife Test

The window life test stand resumed operation in February after a six-
week interruption for necessary repair and renovation of the test stand
modulator. Approximately 100C hours of operation at 20 to 23 MW peak
and 18 to 20 kW average power were accumulated during the remainder of
the quarter. Total operating time is now 4700 hours, 1600 hours at
powers above 20 MW. No window replacements were necessary during the
quarter. Window temperature ascquisition has been facilitated by improved
mounting of the thermocouple used to monitor edge temperature.

During several hundred hours of tests, the system wag run at full
power for 55 minutes, turned off for five minutes, and turned back on
full power without gradual attenuation variation in the drive. These are
the conditions under which Mark IIT reports a significant decrease in
window life. No evidence has been found that under the vacuum conditions
of the tests run here there is any tendency for window failures under

sudden application of power.

H. SUB-BOCSTER KLYSTRONS
Eimac delivered only three sub-booster klystrons during the gquarter,

bringing the total number of accepted new tubes to 37. The shelf life
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prcblems continue to plague the sub-booster klystron in spite of engineer-
ing and fabrication effort at the company. For instance, of three tubes
delivered during the fourth guarter of 1964 and retested during this
gquarter, two had failed under the shelf life warranty.

On the other hand, the operation of the Eimac sub-booster in service
continues to be extremely good. Of 13 sockets in use, a total of four
tubes failed during the quarter, one within plate life warranty at approx-
imately 900 hours, two at approximately 6000 hours, and one at approxi-
mately 12,000 hours.

The low delivery rate during the quarter would give cause for alarm
were it not for the fact that we still have 12 spare tubes with operating

life averages of approximately 6000 hours.
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IX. BEAM SWITCHYARD

A.  GENERAL

Beam Switchyard housing construction is progressing. Figure 5 shows
a view of the construction.

The BSY site and utilities constructicn contract has been awarded.
The cooling water systems bild package and the electrical distribution
system bid package passed the 90% mark and reviews were hegun. The
Beam Switchyard equipment installation bid package approached 90% com-
pletion.

Pigures 1 and 4 show overall views of the Switchyard and related
structures. TFigure 2 shows the principal items of the beam transport
systems and the beams which may be delivered to the target areas. Only
the A-beam, the photon beam, and the B-beam are to be developed initially.
Figure 3 showe 2ll major items of equipment which will be initially
ingtalled in the Beam Switchyard.

B. INSTRUMENTATION AND CONTRCL

1. Beam Monitoring Instruments

a. Beam Current Monitors

A production prototype of a double 3-inch i.d. current transformer
has been assembled and tested. (Double current transformers are used at
locaticns where an extra signal is needed for beam current integration,
or for beam interlock purposes.) A single current transformer has the
same houging as a double cne. A few mocdifications have to be made on
the prototype before production can be started.

The 6-inch i.d. transformersto be used in front of each beam dump
have yet to be designed. They will use two or three ferrite rings, each
one of which is built up from four sections.

A prototype beam current integrator has been tested, but reguires
more work. The tests indicate an absolute precision of ~ 1% and a re-
producibility better than 0.3%.

Circuilte to display average beam current are not yet designed. Some

of the circuits developed for the accelerator will be used. For beam
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set up in the Switchyard the dynamic transformer pulses will be used;
the pulse height can be measured accurately with a pulse height camparator
circuit. The latter circuit is almost completed. Selector panels to
select any two current transformer signals on the scope are not yet
designed.

It has been decided that balanced signal transformers will not be
used to match twinax cable to single input amplifiers. Balanced input
pre-amplifiers, which will be located within 50 feet of each transformer,

are being developed instead.

. Beam Position Monitors

A production prototype of the = 2-inch i.d. microwave cavity position
monitor has been tested satisfactorily. The Q for the x, y cavities
is 500, and for the reference cavity approximately 1200. After a few
modifications are made on the prototype, production will be started.
The microwave electronics and the detection diodes will be located close
to the monitors, in the alcoves in the Switchyard housing. A special
box has been built that will protect these camponents from the nitrie
acid atmcsphere in the Switchyard.

Most of the electronics for dynamic position display and normaliized
pogition display has been designed, but construction of the circuits

has not begun.

c. Zine Sulfide Screen Beam Profile Monitors

The drawings for a production prototype are nearly completed. Many
design changes are included as a result of mechanical tests on an exist-
ing prototype.

There are two types of monitors, one with 6-inch wide screens and
one with 10-inch wide screens. The 6-inch screens are placed in the beam
at an angle of 65°; the optics looks at the screen at an angle of 45°.
The 10-inch screens are placed In the beam at an angle of 900; the opties
looks at the screen at an angle of 300.

Fixed reference marks close to the screens, but nobt interfering with
the beam path, are illuminated from the ocutside. A 450 front surface
mirror located inside the vacuum reflects the light in the vertical

direction.



The viewing window protrudes enough to be shielded by the two-foot
shielding floor. The drive mciors for the two rotions involved with the
screens are standard non-radiation-resistant components. The motors
also protrude into the shielding floor, and will be made easily replaceable.

Work still has to be done on a reproducible technigue for applying
the zine sulfide to the foils.

d. Cerenkov Cell Beam Profile Monitor

A final model of the Cerenkov cell beam profile monitor is expected
by the end of the gquarter. The instrument is moved into the beam by an
gir-driven cylinder thatis dry-lubricated by dieronite. It is moved
out of the beam by a weight attached at the outside. The window will
nct be shielded by the shielding floor, which is acceptable in view of
the moderate radiation exposure in the loecations where the monitor is
used. The moniter has to be removed if the window must be changed.

An external illumination system for the internal reference nmarks
will be made for this monitor. In addition, the existing internal
reference glow pointe may remain in the system.

Work has to be done on simplifying the task of putting the monitor

into the vacuum chamber and in removing it.

e. oynchrotron Light Observation Stations

Present plans call for modified vacuum chambers for synchrotron
light observation to be placed after the first bending msgnet in each
analyzing system. The drawings for these camponents are being checked.
Small modifications have tc be made to the reference wires.

The synchrotron light vacuum chambers and the chambers of preceding
magnets will be sandblasted to reduce reflections. The frame of the
metal mirror has to be sandblasted and blackened in order to radiate

the heat which it absorbs from intercepting the synchrotron radiation.

f. Optical Egquipment and Closed Loop Television Systems

The light from the profile monitors is reflected into television
cameras by independently supported mirrors. These mirrors can be adjusted
manually between 45° and 65° and are remotely adjustable in the x, y

direction over about 50. A prototype of the mirror exists. Modifications
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as a result of tests on this prototype are being inciuded in the final
drawings. Mirror optics will be used with the television cameras to
avoid the cost of non-browning lenses.

A prototype telescope using a L ,25-inch i.4d. spherical mirror has
been tested and is very satisfactory from an optics point of view.
However, the remcte focusing adjustment mechanism ig not working properly.
Remote focusing of the telescope could be eliminated if a television
camera in which the vidicon tube position can be controlied remotely by
a motor were used. This feature is available in some cameras. The
effect of nitric acid on the front surface mirrors used in the adjustable
mirror and in the telescope remains problematical; recent test results
have been discouraging. The television requirements have been thoroughly

studied and specifications are being written.

g. Beam Spectrum Instruments

The final spectrum analyzer is expected to be ready early in the
next quarter. A very attractive foll support was made at the Mark IIT
accelerator and drawings are being modified to include this fesature.

The spectrum monitor located in front of the tune-up dvmp is con-
structed in two parts, each connected into the vacuum chamber by a 12-
inch fast-disconnect flange. One of the parts is being constructed and
is 50% canmplete. The other part will not be made until the first has been
tested,

A prototype rack with spectrum analyzer electronics has been made
and tested, using the spectrum monitor foils used in the first sector
of the accelerator. Noise problems were eﬁcountered. Here, as in the
case of the pre-amplifiers for the current monitors, balanced signal
transformers will be replaced with balanced amplifiers.

A new universal scanner has been developed and is working properly.
It will be used to scan signals from the spectrum analyzers and the
spectrum monitor, as well as in the CRT display of average beam current

monitor signals.
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h. Secondary Emission Foil Beam Centering Devices

There are two different foil centering deviees: the foils fixed to
the front end of the slits, called "spectrum drift indicators," and the
foils iIn front of the underground beam dump and besm dump east. Design
work on the foils for the slits is approximately 20% complete. The foil
stacks in front of the dumps will consist of four foil quadrants.

Design on these devices has just begun.

2., Eguipment Protection Instruments

a. ITonization Chambers

Two 1.3-liter icnization chambers have been constructed and tested.
Eighty more are being ordered. A proper design for the various ioniza-
tion chamber supports is not yet finished. 'Two pieces of "long ionization
chamber” (LIC) needed in the Switchyard will be obtained from the
accelerator procurement. Details remaining to be settled are the proper
location of ionization chambers around the main collimator, the slits,
and the dumps, and individual calibration procedures for each ionization
chamber in the Switchyard.

The signal integrating and camparator circuits are in production.
& clrcuilt which will pericdically test all ionization chamber interlock

circuits for proper functioning is being constructed.

b. Thermcmeters

One ~hundred-olm platinum wire thermometers will be used throughout
the Bwitchyard. The design of the variocus fixtures for the thermometers
is about 40% complete.

A1l thermometer alarm circuits have been constructed. Routine tests
have to be done on the campleted chassis. The thermometer cirecuits give
alarm above g certain tempersture limit. A patch panel allowing the
measurement of temperatures at each lccation will be designed. The
circuit which will periodically test all ionization chamber interlock

circuits will test at the same time the thermometer alarm circuits.

c. BSecondary Emission Protection Foilsg
The foils which protect the side walls of the tune-up dump are being

fabricated; they are actually part of the spectrum monitor. The foils
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at the front end of the collimator, the fecils at the back end, and the
foils on the slit are all fixed. Design work on this group of protec-

tion feolls is not yet camplete.

d. Differential Beam Current Monitors

The current monitors for this purpose have been reviewed in Section
B.1. Design of the electronies for the differentiasl measurements is
being postponed. The differential current measurements sct as backup to

the ionization chember interlock circuits.

3. Magnetic Measurements

a. Pulsed Magnets

& prototype integrator for the pulsed magnets is being tested. The
integrator output provides, at every beam pulse, an "OK" signal to the
injector gun if the magnetic field is correct.

The magnetic field readout from this integrator is designed; a fast

analog-to-digital converter has to be ordered.

b. MNuclear Magnetic Rescnance Devices

A comercial NME will be ordered to calibrate the reference magnets.

The electronics associated with the fixed frequency MR are ready
for production. A few small CRT*s have to be ordered. A satisfactory

construction for the radiation resistant probe is being worked on.

¢. Flux Loop Integrator
The integrator for this purpose has been tested and is in final
fabrication. The selector panel to connect the flux loops of any of the

dc magnets to the integrator has to be made.
d. Remanent Field Measurements

A& laboratory circuit of a secomd-harmonic detector is working. A
suitable radiation-resistant second-harmonic remenent field probe has

to be made.

L4, Control and General Interlock Status Circuitry

a. Control Room Layout
The rack assignment is completed and the layout of panels in each

rack is being worked out. Racks and the operation console are being
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ordered. The installstion of racks and equipment is scheduled to begin

in August 1965.

b. Magnet Contrcl

A panel is designed thet provides remote on-off switching for any
two power supplies. The panel ccntains, in addition, status lamps
for the supplies and the magnets connected with it. The panel is ready
for producticn.

If the computer is not operational for any reason, all magnet
currents can be adjusted manually. For the 3¢ energy-defining bending
megnets a manual dial box is designed that will set the programmable
voltage reference unit in the regulator for this supply.

All other magnet supplies can be adjusted menually with a dc motor
connected to the helipot in each supply. The steering magnet supplies
use SLO-syn motors for this pufpose. The current in each magnet is read
back during the adjustment on a digital voltmeter connected to the shunt
or transductor. All circuits menticned above are in the design stage.

The autamatic adjustment is reviewed in Section B.5.

c. 81lit/Collimator Control

Present plans suggest that a fast and slow conventional motor be
used for positioning rather than a stepping motor, because available
stepping motors do not have encugh torque.

The position of the jaws is read back via shaft encoders. The
circuits associated with the encoders and the digital display are
basically designed. The beam interaction area with the edges of each
jaw and same alignment tolerances are detected by an LVDT (linear
voltage dependent transformer). The ILVDT electronic cireuits will be

purchased.

d. Vacuum

Vacuum valve control circuits and display panels are ready for
fabrication.

The cirecuits associated with the fast vacuum switches (McClure
gauges) are handled by the Light Electronics Group. The amplifiers for

the vacuum gauges are not designed yet.
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e. Cooling Water
A1l status and interlock circuits associasted with cooling water for

the magnets and dumps are ready for fabrication.

f. Sumary Interlock Circuit
This is a camplicated circuit where pre-grouped fast and slow inter-
lock signals fram all over the Switchyard join together. The circuit

diagram is in the chop for fabrication.

g. Summary Status Display Board

A summary status display reflecting the actual Switchyard layout
is being worked out.

5. Camputer System

An order was placed for an IBM 1800 computer, and delivery is
scheduled for October 1965. All electronic circuits peripheral to the
computer have been designed, and orders have been placed for the com-
mercially available circult ccmponents. Very little has been done on

programing.

a. Analog Signal Handling

The 3° energy-defining magnets will be computer controlled by a
commercial programmable voltage reference unit in the reguletor of the
supply. A special circuit has to be developed to interface this unit
with the IEM 1800.

A1l other magnets will be adjusted via digital-to-analog converters.
A prototype converter exists, but it was built for the PDP-T7 camputer
and has to be modified slightly.

The readback of analecg signals into the computer is being worked

out.

b. Interlock Signal Scanner
The circuits for the scanner have been designed with the DEC logic
modules. The approximately 4000 wire connections in the scanner will be

done by a computer-instructed wiring mechine.



C. MAGNETS AND POWER SUPPLIES
Most of the magnets and power supplies are in the process of procure-
ment. The magnets are discussed in Sectlion VII of thils report. The

power supplies are discussed in Section VI of this report.

D.  VACUUM CHAMBERS AND EQUIFMENT

1. Ceramic Chambers for Pulsed Magnets

The 0.1° pulsed magnet internal vacuum chambers will be exposed to
intense radiation, about 10% ergs/gram maximum in ten years, and o a
pulsating magnetic field of 600 cps frequency with the field varying
from 0 to 1730 gauss and a repetition rate of 360 cps. The radiation
levels preclude the use of organic materials, and the heating due to the
pulsating field precludes using metals in thicknesses exceeding about
0.00L inch. Ceramics seem a logical choice, but it appears that their
electrical resistivities are so high that internal charge build-up due
to irradiation will cause breakdown. It was decilded tc issue requests
for proposals to ceramic manufacturers to supply ceramic chambers with

resistivities in the range from 10% to 10! clm-cm.

2. DRemote-Disconnect Vacuum Couplings

The bids for manufacture of the SLAC-designed remote-disconnect
vacuum couplings were recelived. These couplings have a stepped stain-
less steel knife edge seating in an indium gasket. They are to be made ‘

in 6-inch, 10-inch, and 12-inch pipe sizes.

3. IC Magnet Vacuum Chambers

Bids were requested on the first group of de magnet vacuum chambers.
These are long (up to 3 meters), welded stainless steel (316-L) chambers
which must closely fit the magnet gaps, and several of them have special

provisions for IMR probes and the like.

E. BEAM DUMP

The beam dump bid package was completed and approval to initiate

bidding was received.
Tests continued on the dump window seal which is a stainless steel f

knife edge seating in a copper gasket. It was determined that a vacuum |
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tight seal could be obtained using an impact wrench to tighten one nut
only. The depth of penetration of the knife edge was roughly proporticnal

to the air pressure supplied to the wrench.

F. SLITS AND COLLIMATORS

1. High-Z 51it

The design of the high-Z siit units was settled. Detail drawings
are being made, and materials for fabrication are being ordered. The
high-7Z collimator, which 1s basically two high-7 slits mounted at right
angles in the same vacuum tank, is shown in Fig. 16. The jaws are 34.7
radigtion lengths, minimum,* of copper, with water cocling. They will
cpen to a width of 12 cm and can be positioned with an accuracy of
+ 0.001 inch.

One difficult design problem is that of the water leads to the jaws.
These leads must be flexible to accamodate the wide range of Jjaw travel.
Stainless steel bellows are available, but in these sizes (1/2 inch)
the wall thickness ig in the range from 0.007 to €.012 inch; failure of
the wall for any reason would allow water leakage into the vacuum system,
necessitating shutdown and repair of the equipment, which will very

likely be radiocactive.

2. Protection Collimators

Figure 17 shows PC-10, one of the magnet equipment protection
collimators in the Switchyard. Basically, these collimators are water-
cooled copper blocks with apertures of a slze and shape to allow maximum

beam transmission while protecting the equipment behind.

3. High Power Slits and Ccllimator

Proposals were requested for fabrication of the aluminum power-
absorbing modules, and several proposals were received. Negotietions
and design medifications to reduce costs are proceeding. The design
of the tanks, jaw-positiconing mechanisms, and sﬁpports is continuing.
A test of a small model of a slit module on the Astron Accelerator at
the Lawrence Radiation Laboratory, Livermore, California, is being pre-
pared, which will determine the effect of shock heating on the slit

module..

¥
21.5 cm minimm for slits.
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7 collimator; mechanical schematic (C-0).

FIG. 16--High
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SUPPLY & RETURN

JONIZATION

CHAMBERS
(REMOTELY REMOVEABLE)

PROTECTION COLLIMATOR
(TYPICAL INSTALLATION)

FIG. 17--Protection collimator (typical installation).
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G.  ALIGNMENT

As a result of the decision to reverse the direction of the accel-
erator alignment system {see Section IV}, the Beam Switchyard will now
have a laser at about Station 107 + 50 and will use the accelerator
alignment system detection station at the injector end.

Bids were received for the manufacture of mirrcr targets to be used
in the aligmment of magnets from the upper level of the housing,and the
contract was awarded. The mirrors are of stainless steel, are 2.5 inches
in diameter, and have a special engraved line pattern. The bid packages
for the specially designed stages for the mirrors were sent out. The
stages enable the mirror to be positioned precisely in all directions

and in every rotation.
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X. TPRE-OPERATIONS RESEARCH AND DEVELOFMENT

A, PHYSICAL ELECTRONICS

In association with development work on low density KC1l dynodes, a
guartz crystal thickness monitor was constructed and calibrated. The
calibration was carried out for Al, Au and bulk density KC1, with the
result T!'/Af = 1.95 X 107% &%éggi , where ' is the film thickness in
pg/cm2 and Af is the change in resonant freguency of the monitor crystal
in eps. The density of Al and Au films was also determined, meking pos-
sible thickness measurements with the monitor for these materials.

Gain (6t) and lifetime measurement were carried out on low density
KC1 dynodes in a recently constructed diffusion-pumped freon refriger-
ator baffled vacuum system (base pressure =~ 2 X 1077 torr). The life-
time measurements in this system are much different from the results pre-
sented in the previous repocrt. Generally, St decays exponentially with
a time constant of = 200 - 500 minuteg at an incident current density
of ~ 107® A/em® for the first ~ 150 minutes after preparation. Then
St is constant with time for many hours at a value of 15-25.

It has been found that 6t can be revived to a value characteristic
of that present a few minutes after preparation by evaporation of bulk
density KC1 (=~ 200 & thickness) over the exit surfsce of the dynode.
Increaseg in 6t by a factor of two have been observed., Typical time
constants of the exponential decay of St after bulk density KC1 evapor-
ation are = 1500 minutes. It is interesting to ncte that 204 deterio-
ration was observed for an incident charge of 4 X 107 C/em® in one bulk
density coated low density KC1 sample — about the same deterioration re-
ported for bulk density KCl dynodes in the previous report (15% for
~ 5 X 107% C/cm®).

That Bt can be revived by bulk density KC1l evaporation indicates
that the deterioration is a result of electron beam-residual gas inter-
action, e.g., polymerization at the surfaces of the dynode. This iz in
contrast to change in the structure of the film or a change in the KC1,
e.g., decomposition. These results seem to indicate that most of the
gsecondary emission in the low density dynodes takes place at the surface
of the many small particles (~ 1000 & in diameter) which make up the low
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In an attempt to lcook more closely at the secondary emission process

of the low density dynodes, ©, vs collector voltage (Vc) character-

igtics were measured. Changes in slope at voltage approximately equal

to Bg + ¥ and 2(Eg + A ) for KC1 were observed. (Eg = band gap;

7 = electron affinity.) These results indicate that internal multipli-

cation is taking place within the dynode in disagreement with reported

results.t B, vs Vc characteristics for a dynode before and after bulk

t

density KC1 evaporation are identical for V < 2(Eg + 4 ); for v,

t

Vc >2(Eg + ©), ®_ for the coated film rises much more rapidly with

vV .
c

Mcore work in this area is planned to see if internal multiplication

is characteristic of field enhanced secondary emission from the alkali
halides.

Limited measurements have been carried out in an ion-pumped system

free of hydrocarbons. An ultraviolet light source ig uged to generate

the primary current via an Au photocathode (maximum current density

~ 7 X108 A/cma). The sample presently in this system has had a con-

stant &, =~ 23 for ten days. Plans are now being made to measure

s

t

B.

t

ve primary energy for minimum ionizing electrons at the Mark ITI.

THEORETICAL, PHYSICS

Work done during the quarter has been reported or will appear in the

following publications;:

1.

.

M. Bader and G. Shaw, "Absorptive Corrections and Form Factors in
the Peripheral Model," submitted to Phys. Rev. (SLAC PUB-97).

S. D. Drell and A. C. Hearn, "Peripheral Processes, (to be published).

A. C. Hearn and Y. S. Tsai, "The Differential Cross Section for

ete” oWt + W e+ Vo + HT + V *," to be presented at the Inter-
national Symposium on Electron and Photon Interactions at High Energies,
DESY, June 1965 (SLAC PUB-109).

Y. 8. Tsai, "Radiative Corrections to Coclliding Beam Experiments,"
to be presented at the International Symposium on Electron and Photon
Interactions at High Energies, DESY, June 1965 (SLAC PUB-117),

¢.W. Goetze, A.H. Boerio, and M. Green, J. Appl. Phys. 35, k82 (1964),

E.J. Sternglass and G.W. Goetze, I.R.E. Trans. Nuc. Sci. NS-9, (1962).
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5. Y. 8. Tsai, S. M. Swanson, and C. K. Iddings, "High-Energy 7-Ray
Source Fram Electron-Positron Pair Annihilation,"” to be presented at
the International Symposium on Electron and Photon Interactions at
High FEnergies, DESY, June 1965 (SILAC PUB-112).

6. C. Itzykson and M. Nauenberg, "Unitary Groups: Representations and
Decompositions,” submitted to Rev. Mod. Phys. (SLAC PUB-106).

7. J. S. Bell, Physics 1, 195 (1965).

8. J. D. Bjorken, "Experimental Tests of Quantum Electrodynamics,”
submitted to Acta Physica Austrica.

9. H. P. Noyes, D. S. Bailey, R. A. Arndt, and M. H. MacGregor, "Deter-
mination of the Nucleon-Nucleon Elastic Scattering Matrix IIL,"
submitted to Phys. Rev. (UCRL - 12398, University of California
Radiation Laboratory, Berkeley, California).

1. High Energy Particle Production and Interaction Studies

A study has been made on the effects of different types of abscrption
corrections tc the peripheral model. It has been found that the experimen-
tal data avallable on the process xt + p pi + p rules out all models
except one.r This correct prescription will be applied to other processes.
A review chapter on peripheral processes for a book on high energy physics
is in preparation.g A detailed report on the 7-p-n exchange current
contribution to elastic electron-deuteron scattering has been prepared,*
and the analysis extended with good success to large momentum transfer
form factor cbservations (q = 3F"1). A detailed analysis of radiative
and recoil corrections to asymmetric p-pairs is in progress.** Nucleon
exchange in backward =n-N scattering processes is being studied in an
attempt to provide better calculations of anti-nucleon beams at SLAC. The
effect of competing rescnances distorting one another in final three-body
gstates is being studied by means of the Faddeev equation. The method of
spin and parity analysis in two-step decay processes previcusly reported
has been applied to experiments originating here on Al:E and B, decays.
An investigation of the process e +p — e + {(J), where (J) is a state
of discrete angular momentum, has been started. An analytic expression

for the process el +e  — WS +W —e” + vV + pt + Vv has been obtained

. J. Adler and S. D. Drell, Phys. Rev. Letters 13, 349 (1964). (SILAC-
**PUB-BB) .
S. D. Drell, Phys. Rev. Letters 13, 257 (1964). (SILAC-PUB-35).
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by use of the computer, and numerical values of interest in colliding
beam experiments computed.3 Raediative corrections in colliding beam
experiments* and spectrel and angular distributions of the bremsstrahlung
from electron-electron collisions® have also beén obtained. Experimen-
telly it has been observed that in the process = + p A n
there is a great enhancement of the 2nx T=0 modes near the -mass

in addition to the usual p peak. A dynamical calculation of w-p
mixing has been undertaken with an eye to explaining this process. If
successful, this could readily be applied to 2n and 3x production

modes in colliding beam experiments.

2. Elementary Particle Physics

Dispersion theory is being used to calculate the contribution of low
mass intermediate states to the axial vector vertex in p-decay. Keeping
states beyond the usual one-pole approximation in the dispersion relation
for B“jﬁ (x) 1leads to corrections to the Goldberger-Trieman relation in
both strangeness-conserving and strangeness-changing processes. Work is
in progress on the calculation of GA/GV in B-decay with sum rules derived
from the equal-time commutation relations for the vector and axial vector
currents of the hadrcns proposed by Gell-Mann. A survey of useful for-
mulas and methods for dealing with unitary groups has been written‘6
A renormalization study in a $4 theory using methods or iteration in
the scattering kernel to handle the overlapping divergences question*
is being pursued. It has been shown by explicit construction that any
"hidden variable" theory which reproduces exactly the statistical pre-
dictions of quantum mechanics has a grossly non-local structure.’ A
review of the current experimental status of tests of guantum electro-
dynamics has been presented.8 The contribution of the elastic photopro-

duction cross section to the neutron~proton mass difference has been calcu-
lated. It is numerically too small by a Tactor of ten to cancel the wrong

sign cobtained from the nucleon pole term contribution. The orders of mag-
nitude of subtraction term contributions are being estimated. A simple
derivation of the relation between the high energy behavior of the real

part and the imaginary part of the scattering amplitude has been cbtained.

*
S. D. Drell and J. D. Bjorken, Relativistic Quantum Mechanics,
Vol. II (McGraw-Hill, New York, 1964)
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3. Two- and Three-Nucleon Problems

It has been shown that recent triple scattering experiments at 25 and
50 MeV allow unigue phase shift analyses of both n~-p and p-p scattering
to be carried through, thus closing the gap between the low energy region
and the unigue results at higher energy.9 Further investigation of the
effect of the pion mass and possible coupling constant splittings of the
nucleon~nuclecon lSO state shows that the effect on both the scattering
lengths and the effective ranges can be unambiguously predicted. These
effects readily account for the observed splitting between the n-n, n-p
and p-p scattering lengths, but the predicted n-p effective range differs
by more than two standard deviations from observation. If the two n-p
cross sections at 0.5 and 2.2 MeV which lead to this conclusion are con=-
firmed, there must be some gross violation of charge-independence of un-
known origin. It has been shown that the three-body problem can be
separated into two parts, one of which is readily soluble and dependent
only on the behavior of the component two-body systems at infinite sepa-
raticn. Whether this forms an adequate first approximation in interest-
ing cases, or whether knowledge of the short-range hehavior of the twe-
body interaction {which cannot be cbtained from two-body scattering data)

is always required, is now under study.

C. HEALTH PHYSICS

The peripheral monitoring station prototype 1s completed and has been
put in a temporary location near the guard house. The gamma monitor is
working very well but the neutron monitor suffers from occasional periods
of high count rate. It is suspected that this is an artifact dvue to en-
vironmental conditions but it has not yet been specifically determined.

Light Electronics has undertaken some development work on a standard
survey meter for SLAC's peculilar requirements. At present their design
is usable but not perfected. A second design will be studied by Health
Physics. Eventually & construction contract will be let for approximetely
50 instruments of the final SLAC design.

A 1600-channel analyzer was received and accepted. After some initial

problems it seems to work well.
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A contract has been let to perform a study on scil and water activa-
tion and a desirable drainage water sampling system. Simultaneocusly,
Health Physics is studying other aspects of the ground water and drainage
water problem.

A set of three wells has been completed tc house large y-ray sources
and form a calibration facility. Two of them will be put into use in the
next few months; the other will be kept as a spare for the moment.

The final degign for the manway monitors was completed and an order
for fifty has been placed. Three designs for air monitors are being
tested. A radioactive gas calibration system has been built for checking
the alr monitors. A prototype of an czone monitor has been constructed
and it is being tested. A water monitor prototype has been designed and
is on order.

Additionsl shielding for the 660 feet of installed accelerator was
designed and put in place, bringing the radiation levels within acceptable
limits. The work necessary before the sector test team can start daytime

operation is underway.
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