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ARGONNE NATIONAL LABORATORY

November 26, 1969

Dr. Paul W. McDaniel, Director
Division of Research
U. S. Atomic Energy Commission
Washington, D.C. 20545

Dear Paul:

The enclosures are our November 26, 1969, drafts of the five-year
long-range projections (FY 1971 - FY 1976) for the Argonne National
Laboratory High Energy Physics Program. They represent substantially what
we will present in our formal submission in mid-January 1970. We, of
course, reserve the right to introduce corrections to the figures shown
in this document as we subsequently compare or merge this information
with our other activities.

The budgets and objectives contained in this document have been
planned from the point of view of maximizing or optimizing the yield on
the national investment in plant, equipment, and personnel at the Z2GS.
It is our position that when the levels requested are in fact authorized,
the research productivity (the reason and justification for the ZGS) of
the Argonne National Laboratory High Energy Physics Program will increase
percentagewise at a significantly and increasingly higher rate to the
percent of dollars added. The reason for this is that 100% of fixed operating
costs of existing plant take priority of available dollars over opportunities
for investment in research and development. Thus, approximately $2 million
of new, fixed operating costs ($1. 5 million for the 12-ft Bubble Chamber;
$. 5 million for new experimental areas) force trade off of dollars from frontier
research and development to the coverage of fixed cost commitments. (For
clarity and objectivity, it should be recognized that even though these
facilities are classified under the general USAEC heading of Research Costs,
the effect to R &amp; D programs is that of rigid fixed costs.) We believe this
constriction is inherently wrong and inconsistent with national objectives
for any new publicly-owned laboratory. This is especially significant with
regard to major investments in advanced concept R &amp; D machines, such as
the ZGS and its facilities, wherein opportunities for maximization, optimization,
and frontier penetration (cracking the walls of ignorance) decrease with the
passing of time.

Sincerely,

/ Soba
ff Fo

Robert B. Duffield
Laboratory Director

RBD:ad

9700 South Cass Avenue. Arqonne. Illinois 60439 « Telephone 312-739-7711 + TWX 910-258-3282 + WUX LB. Argonne. lilinois
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ARGONNE NATIONAL LABORATORY %

BUDGET ASSUMPTIONS

05 PROGRAM

ANL HIGH ENERGY PHYSICS

FY 1972 - FY 1976

November 24, 1969

"DRAFT"

Substantially correct but may require correction to minor details.
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SCIENTIFIC MAN YEARS

05-01 High Energy Physics

ieSECULA FY 1971

Current
President's ANL
Budget Plan FY 1972 FY 1973 FY 1974 | FY 1975 FY 1

251.3 259.2r 262.2 265.2 265.2
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SCIENTIFIC MAN YEARS

FY 1571

Current |

ANL

Plan &gt; i972
President's
Budg et FY 1973 FY 1974 FY 1975 TY 1c

05-01 High Energy Physics
05-01-05 Zero Gradient Synchrotron

05-01-05-01 Research ~ 117

05-01-05-02 Design and Development
: of Devices ~ BT

95-01-05-03 ZGS Operations ~ 36

121,4 128.4 132.3 135.3 138.3 138,3

72.9 80.9 84.9
40, 0 42.0 42.0

84.9 84.9 : 84.9

42.0 42.0 42.G

LOTAL ~ 210 234.3 251.3 259.2 262.2 265.2 265.



OFFICIAL USE ONLY SCHEDULE B

U.S. ATOMIC ENERGY COMMISSION
Argonne National Laboratory

Budget Assumptions - Operating Expenses
for Physical Research Program

for FY 1972 - FY 1976

—
BUDGET PROJECTIONS (in thousands)

FY 1971

ANL
President's Current . oo

Budget Estimate FY 1972 FY 1973 FY 1974 FY 1975 FY 1 of
=

KX

Summary of Estimates by Category

Operating Costs:

05-01 High Energy Physics 18, 200 2u., 155 22,554 23,0941) 23 284!) 23, 4861) 23, 67:

1 ”
(1) 1973 through 1976 amounts do not include price level adjustments.
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OPERATING COST ASSUMPTIONS BY CATEGORY
HIGH ENERGY PHYSICS 05-01

BUDGET PROJECTIONS (in thousands)
 VY 1071

05-01 High Energy Physics
05-01-05 Zero Gradient

Synchrotron
35-01-05-01 Research
05-01-05-02 Design and

Development of
Devices

05-01-05-03 ZGS Operations

TOTAL

President's
Budg et

~ 9,550

~ 3,900

~ 4,500

~18, 200

ANL
Current

E stirmate

10, 719

5,298
4,738

20,755_

FY 1972 FY 1973 FY 1974 FY 1975 FY! k

 Nn

l., -~F
We oa 11,416 i.  vy 23 11, 030 11,72

5,929 6,318
5,332 5,357

6,366
5,397

6,414 6, 4t

. 1 -23, 456! ) 23, 6”22,554 2 3, (1,23,286"

(4) 1973 through 1976 amounts do not include price level adjustments.
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SCHEDULE B (OPERATING)

HIGH ENERGY PHYSICS - BUDGET ASSUMPTIONS

Major new activities in the ANL High Energy Physics Program in FY 1971 and FY 1972 will be centered

around utilization of the 12-ft Hydrogen Bubble Chamber and bringing the new extension to the first external

proton beam experimental area into use. These activities are essential parts of our long-range plan to

continue to provide at ANL the facilities necessary to carry out a highly competitive and economical program

of elementary particle research. Such facilities have allowed us to serve the needs of a continually increasing

number of user groups from throughout the United States. In addition, the accuracy of our statement in recent

years that the growih and development of the National Accelerator Laboratory would increase the need for diverse

facilities at the ZGS is now becoming increasingly evident. Proposals for use of the ZGS by NAL experimental

groups were received and acted on this past year; the first approved experiment by an NAL group is scheduled

to run at the ZGS during FY 1971. As the number of experimental high energy physicists at NAL continues to

grow, and as more experimental apparatus for the NAL groups enters the testing stage, the need for use of the

Z2GS facilities for such purposes will increase manyfold.

The past year has seen a significant increase in the experimental facilities at the ZGS Compléx. The 12-ft

Hydrogen Bubble Chamber was successfully tested in October; the first neutrino experiment is scheduled to

begin running with this chamber early in CY 1970. The second external proton beam experimental area has

oeen brought into operation. Currently, there are several counter/spark chamber experiments operating simul-
taneously. in this area on a regular schedule. Additional beam lines and experiment stations have been installed

in the other experimental areas. During recent months, as many as eight counter/spark chamber experiments,

a bubble chamber experiment, and a test beam have been operated simultaneously for extended periods; it has

become routine to operate six to seven experiments simultaneously.

 3

Notable success was also achieved in the area of automatic processing of bubble chamber film. The

POLLY-II device was put into service early in CY 1969 and by midyear was automatically scanning and measuring
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film. Currently the device processes events (scan and measure) at a rate of some 80 events per hour, with

a precision and reliability exceeding those of non-automated machines.

The continued intense interest of the entire high energy physics community in the elementary particle

research program and facilities at the ZGS and the clear need for a strong ZGS physics program comple-

mentary to the activities at the National Accelerator Laboratory make it essential that the present facilities

be adapted to serve the largest possible number of user groups.

Research

The operating budgets proposed for FY 1972 and subsequent years are considered to be minimal levels for

the efficient exploitation of the ZGS. Utmost significance is attached to the use of the 12-ft Bubble Chamber for

physics purposes, scheduled to commence in early CY 1970. With this completely unique detector becoming

operational, it will be essential to utilize it fully and effectively. A whole class of important new experiments

will become possible by making available neon for hydrogen-neon mixture fillings.

The total ANL high energy physics experimental program has been increased by more than a factor of two ir

the past two years. This has been accomplished within severe financial restrictions, primarily as the result

of four identifiable efforts:

1. The efficiency of operations in the experimental area has been subjected to continual scrutiny and

automation, particularly for hydrogen targets, power supplies, beam lines, and in the installation

of experiments.

The increased operational efficiency even in multipulsing modes of both the 30-in. Bubble Chamber
and the 40-in. ‘Bubble Chamber has made possible a reduction in the size of the operating crews.

Operation of these two bubble chambers has been cut back: the two charnbens have been operated

only alternately for the past year, resulting in reduced power and film costs.

Zz.
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The effort devoted to the design and development of devices has been compromised significantly.

The resulting reduction in the personnel who have the responsibility to develop detectors,

devices, and systems that will contribute to more efficient utilization of experimental facilities

can only be viewed as an extreme sacrifice; it was essential, however, to maintain the funds for

operation of the research program at a level sufficient to support the many topical physics

experiments which are the heart of the ZGS program. |

It is vital to restore adequate support for those productive on-going programs which have been curtailed.

The ANL estimate of the operating budget for FY 1971 provides for the following improvements to the experi:

mental facilities:

Beam lines, experiment stations, and experiments will be installed and brought into operation

in the new extension of the first proton beam experimental area. This area will ultimately

provide beams and experimental stations for five experiments operating simultaneously.
The scheduled operation of the 30-in. Bubble Chamber will be increased from 50% to 75%.

The scheduled operation of the 40-in. Bubble Chamber will be increased from 50% to 100%.

4. An adequate quantity of neon will be purchased for the 12-ft Bubble Chamber.

The Ingrease in the number of experiments that wild be carried out at the ZGS in FY 1971 and FY 1972 as a

result of the operation of the 12-ft Bubble Chamber and the new experimental area will be reflected in an increase

in the number of ZGS users spending time at the Laboratory. Approximately half of the increase in effort from

the FY 1970 level to the FY 1972 level comes from this source. Most of the remainder represents our need to

oring our resident PhD manpower level up to a point nearer that of other high energy physics laboratories. The

PhD research staff must be of sufficient size to provide the on-site scientific support for planning, beam design,

development of new instrumentation, acting as a focus for the research activity of the university user program, as

well as for carrying out an active research program at the ZGS.
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The operating budget for FY 1972 assumes a continuation of the program as outlined above for FY 1971

with (1) a small increase in effort toward operations of facilities and, (2) an increase in scheduled operation

of the 30-in. Bubble Chamber from 75% to 100%.

Design and Development of Devices

To meet current andmedium range requirements of the high energy physi¢s program at the Z2GS, continual

increases in the beam intensity and the extraction efficiency will be needed over the next several years. These

requirements are accentuated by the addition of the three new experimental facilities. The second external

proton beam area began operation with two beam lines in FY 1969; it is now operating with three, one of which is

a low momentum separated beam. The 12-ft Hydrogen Bubble Chamber will soon be operational and a heavy

program of neutrino research is planned for this facility. Several additional beam lines from a thick target

station in the extension to the first external proton beam area will be installed late in CY 1970. In order to

meet these needs, continued strong emphasis will be placed on the development of efficient resonant extraction

from the ZGS to both external proton beam experimental areas simultaneously and on the booster injector

development program. Effort on these programs, which will be stressed in FY 1971, will nearly level off in

FY 1972 and gradually be diverted to other development activities in later years. The latter include understanding

of beam dynamics with the higher intensities anticipated for the .ZGS.

Although recent budgetary restrictions have limited the number of projects, our development programs

have yielded important advances in the technologies of accelerators, magnets, detector systems, film analysis,
and computer utilization. These advances are important not only for the ZGS program, but for the progress of

the whole field of experimental particle physics. We plan to continue development programs in several of these

important areas: in particular, fast-cycling bubble chambers and streamer chambers, on-line wire chamber

and composite systems, superconducting magnets for use with detection devices, and data reduction systems.

We will be devoting major effort to these areas during FY 1971 and FY 1972.
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Budget restrictions have necessitated a cancellation of our efforts relating to superconducting magnet

development for accelerators. The loss of the financial capability to carry on these studies is felt most acutely.

We believe superconductivity holds the key to the accelerator technology of the future. Therefore, we propose

:0 reinstate this activity in FY 1972 and have included effort, materials and services, and equipment in the

budget proposal for that year. By FY 1973 we anticipate beginning small models of superconducting accelerators

into which beam can actually be injected. This may be a storage ring of 50 MeV, or possibly 500 MeV, and

would establish the feasibility of achieving adequate precision of fields for such applications. FIor instance, it

is recognized that a dc superconducting storage ring at 12.5 GeV could give an overall gain in utility of the

ZGS for counter and spark chamber experiments. This gain is derived from a factor of two in repetition rate

of the ZGS (two-second cycle without flattop to inject into the storage ring) and a factor " five in usage duty

cycle of the protons which would be ejected continuously from the storage ring.

Other ideas on optimization of characteristics for very high energy accelerators will be studied, since

&gt;oundary conditions or ideas seem to continually evolve. For instance, it is very clear as a result of many

developments (not the least of which may be negative ion injection into a small rapid-cycling synchrotron) that

one can achieve very high intensity at very high energy. This fact implies very long flattops at full energy and,

therefore, favors superconducting magnets rather than cryogenic Al magnets, and decreases the importance

of ac losses in superconductors since the rate of rise and repetition rate of the synchrotron can now be relatively

slow. We propose to resume the study of very high energy accelerators in FY 1972, possibly leading to 2a

concrete design proposal by FY 1974 or FY 1975.

ZGS Operations

The level of effort required for ZGS operations and maintenance has been stabilized. The cost increases

shown represent for the most part the power costs required to achieve full utilization of the ZGS Complex in

FY 1972 and beyond. Major procurements include only those now scheduled.
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In summary, the proposed budget levels for FY 1971 and FY 1972 would avoid further major curtailment

of the present program, provide some restoration, allow full utilization of the 12-ft Bubble Chamber, and

generally permit the continuation of the high research productivity which characterizes the ANL high energy

physics program.



SCHEDULE c %»

U. S. ATOMIC ENERGY COMMISSION
Argonne National Laboratory

Budget Assumptions
Capital Equipment Not Related to Construction

for Physical Research Program
for FY 1972-FY 1976

FY 1971
ANL

Current

Estimate
Summary of Estimates bv Category

35-05-01 High Energy Physics $ 1,950 §$ 5,065

BUDGET PROJECTIONS (In thousande)

FY 1972 ~~ FV 1973 FY 1974 FY 1975 FY 1976

$ 5,220 ~ 5.982 3 3055, 2 5,250 $5,450
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High Energy Physics - The FY 1971 through FY 1976 equipment requirements for this program are as follows:

FY 1971
President's ANIL

Budget Requirements ry 19722GS ComplexStmr————
Research

Beam Transport Components
Remote Station Computer Equipment
Equipment for Experiments
Advanced Detector Systems
Radiation Shielding
SHELF Components
Superconducting Magnet System

for Large Spectrometer
Other Experimental Equipment

Total Research

FY 1973 FY 1974 FY 1975 FY 1976

.CO rt

Sd , $00 $1,880
50

500
250
500
100

$ 2,000 $2,200 $ 2,200
50 50 50

500 500 500
250 250 250
400 300 300
100 100 100

500
220
600
i00

500
350
700
100

300

~$ 1,200 $ 3.320 $ 3.630

875
300

$ 4,455
330 350 £50

$ 3,630 $ 3,750 $ 3,850
Design and Development of Devices —_— ipsPL evices

Polarized Proton Target Development
Superconducting Magnet &amp; Cryogenic

Equipment
{2-ft Bubble Chamber Development
(includes hydrogen target vessel)

Film Scanning, Measuring, and |
On-Line Data Analysis 365 300 300

Other Design &amp; Development Equipment 615 395 415
Total Design &amp; Development of ~ 3 600 $ .1,555 $ 1,220 $ 1,157Devices

Operations

Instrument Calibration and Test Equipment $
2GS Retirement Unit Replacements
Other Operating Equipment

Total Operations

Total High Enerov Pi

I  aAEs, ="eeae— EEEEEEE—,—a

0 \J 54 50

50 0 “3 50

342 250 350 350

300
455

$ 1,205

300 300
380 480

$ 1,130 $ 1,230
a——

70 5 120 $ 12.0
100 100

100 : 150 150

5° $ 190 $ 370 $ 370
As - 29 + ~ ac

120
100
150

$ 370
+ TT 7nN:

120
£100
170

S 370
b -

3 {20
100
150

3 37¢ ly
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SCHEDULE C (EQUIPMENT)

Research

The further development of the experimental areas associated with the extracted proton beams will continue

to increase the number of experiments running simultaneously. To enable the new extension to get into operation

on schedule, procurement is necessary of long lead-time items; e.g., magnets, separators, and power supplies.

Funds requested in FY 1971 are essential for this task. The need will extend beyond this year if the beam

facilities in these areas are to be fully developed; and in subsequent years, replacement of obsclescent beam

transport components will be necessary. The need for increased amounts of shielding is continual, resulting

both from the expansion of the experimental facilities and from the increasing beam intensity of the ZGS.

There is a continuing need for equipment within the Laboratory's own research program. Funds requested

will provide for replacements and improvements associated with such items as high-speed electronic apparatus,

scintillation counter systems, Cerenkov counters, gas handling systems, and electronics for interfacing various

signals to data collection systems.

An intensive program of development work is continuing, aimed at determining the physics utility and the

technical feasibility of a major composite detector system. This device would have a fast cycling bubble chamber

or streamer chamber as the primary detector operating inside a large superconducting magnet and followed by
a downstream system of wire chambers and counters. The need for such devices is clear as strong interaction

physics begins to focus on rather detailed questions about complicated reactions. We believe that the large

magnet such a detector will need should be superconducting, now that the 12-ft Bubble’ Chamber magnet has

demonstrated the feasibility and economy of such devices.

There are related needs associated with the user oriented program SHELF (Standardized High Energy
Laboratory Facilities). The overall objective of SHELF is to expedite completion of scheduled epee Ants by
naving available a pool of modern electronic circuits and other relatively standard devices to aid in instrumenting

experiments and beams at the ZGS. The availability of SHELF eguipment to replace instruments which
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Schedule C (Equipment) (2

malfunction during an experimental run is one of many factors contributing directly to a productive experimental

program. A significant economy and conservation of funds has been realized as a result of the SHELT program.

Design and Development of Devices

The FY 1971 and FY 1972 figures include equipment funds for the design and fabrication of a hydrogen target

vessel to be utilized inside the 12-ft Bubble Chamber. The availability of such a device together with the planned

neon-hydrogen mixtures for the 12-ft Bubble Chamber would represent a very potent enhancement to the national
program in strong interaction research.

In addition to the two new projects mentioned above there are several on-going programs with continuing

equipment needs. The on-line computer facilities will require continuous upgrading; nearly all wire chambex
and most counter experiments are now dependent on these facilities. The film data analysis facilities such as

POLLY will need further hardware to increase their versatility (e. g-, in handling new film formats) and their

overall productivity, Funds will be needed for equipment to modify the existing bubble chambers (for example,

to fully utilize their multipulsing capabilities) to keep abreast of the special equipment needs of the users and to

provide for more efficient and reliable operation. The superconducting magnet development program will be

carried on with a high priority; the availability of superconducting beam transport magnets for ZGS beams will

result in a large saving in future Operating costs and; in addition, such magnets will have reduced physical size
and greater an gnetle field capabilities.

‘Equipment funds will be needed for the superconducting accelerator study program which is to be resumed

in FY 1972. Refrigeration equipment will be needed primarily.

ZGS Operations

Continuous expenditure will be required to upgrade the current diagnostics equipment in the ring and in the

external proton beams. A number of equipment items in the various ZGS component systems are gradually

reaching the end of their useful life. These will be replaced as part of the maintenance program to prevent

unnecessary downtime for the ZGS. Toward this end an amount is labelled, beginning in FY 1972. for ZGS
retirement unit replacement.

™



U. S$. ATOMIC ENERGY COMMISSION

Argonne National Laboratory

Budget Assumptions - Construction Projects
for Physical Research Program

for FY 1972-FY 1976

.. Accelerator Additions and

Imvorovements - ZGS

2. Direct Pulsing from Power
Line

1971
President's

Budget
MN

Yo

Re BUDGET PROJECTIONS (in millions)
Neads FV 1972 FY 1973 FY 1974 FY 1975 FY 197¢

Ss _.65 5 2.4 $ 3.0 $ 3.0 S$ 3.0

 -—

3, Polarized Pr-ton Source

1 ZGS Hot Shoo

Total Construction 98
py

$ 1.65
 an rr———————

REC

 S$ 3.4.
Errptpeieerig arAtterA

$ 4.55

-

vy

S$ 4.3
fe
A——————r———————————————.

$ 3.0
motssrt.
— — i

$ 3.0
Spl

PT —[eo———————
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SCHEDULE D (CONST... CTION PROJECTS)

be)

~ BUDGET PROJECTIONS (in thousands)

FY ‘971 FY 1972 FY 1973 FY 1974 FY 1975 FY 1976

Accelerator Improvements, ZGS (sub-total) $1, 150 $1,550 $2,250 $2,050 $2,500 $3,000
Injector Improvements (Booster) 500 850 750 950 500

Accelerator Improvements Total $1,650 $2,400 $3, 000 $3,000 $3,000 $3,000

a i

The availability of accelerator addition and improvement funds has been a very significant factor in the

successful development of the ZGS and its experimental program. Although these funds amount to only a small

fraction of the total capital investment in the accelerator, they make possible a large increase in the capability

of the accelerator to produce physics results. This increase is far out of proportion to the cost. A continuation

of these funds is required if the accelerator is to meet the demands of the expanding experimental program

represented by the extension of the first external proton beam experimental area, the operation of the second

external proton beam experimental area, and the 12-ft Hydrogen Bubble Chamber.

The injector improvements will add each year to the intensity capability of the ZGS. During FY 1970 and
FY 1971, we expect the booster development PERETRN to demonstrate the feasibility of injection to high intensity

in a small, rapid-cycling booster. The Cornell 2.2 GeV electron synchrotron has recently been shipped to

Argonne to assist in this program, which is already under way. The requested funds for injector improvements
for FY 1971 would provide a 500-MeV beam transport and ZGS injection system to inject eight pulses into the

Z2GS to Mmorense the ZGS circulating intensity to 10}? protons per ZGS pulse. In FY 1972 the ZGS rf system

would be replaced and additional shielding added in the booster to permit 2 x tol? protons in the ZGS. In FY 1973

modifications to the 50-MeV linac, to the booster rf and extraction systems, and to the ZGS injection system

would permit 30-cycle-per-second operation of the injection system and a resultant increase of the ZGS intensity

to 4 x 1ol3 protons per pulse. In FY 1974 the replacement of the dc magnets (BM-100's) and short straight’

section boxes will further add to the capability of the ZGS.
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lt is intended to build two new main coils each year beginning in FY 1971. The coils would contain improved

radiation resistant materials in their insulation system. While this improvement program is shown to add two
coils each year, it is possible that it would be stopped after one or two years if no failures due to radiation

damage of the main coils in the ZGS had occurred up to that time.

Several developments within the past year with the computer control system of the ZGS have changed the

needs for this program. The addition of floating-point hardware has speeded Up computations with programs

needing floating-point arithmetic by a factor of 20. The addition of a high capacity disc memory has permitted

significantly more background jobs, and an increase in the memory of the CDC 924A has made possible an

¢xpansion of the foreground job capability. These developments have removed the threat of the saturation of

the system for Possibly up to three years. However, by FY 1973 it seems likely that the System will be limited

by the computational speed of the computer during a ZGS pulse. Therefore, funds for the addition of a then modern

high speed main frame have been included in the FY 1973 total with the addition of peripherals planned in the
Succeeding years to increase its utility.

A new System to power the ZGS to 9 GeV directly from the line zs a backup for the ring magnet power supply

is planned in FY 1972 and improvements to the extraction system, particularly resonant extraction, are projected

for several years. In FY 1973 a third extraction System is planned for the I,-3 straight section; there would then
oe no internal targets remaining in the ZGS.

In addition to these items, continual improvements to the damper systems will be required as the '‘ntensity of
the ZGS is increased.

Funds are requested for power and cooling system additions for the experimental areas. The expanded program

also requires that Systems be installed for improved power distribution, flammable gas handling, and radiation
protection. Minor improvements are needed for beam line monitoring and control.
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ji Direct Pulsing from Power Line. ZGS
ST ————————— It————————— ———————————————

BUDGET PROJECTIONS (in thousands)
FY 1971 FY 1972 FY 1973 FY 1974 FY 1975 FY 1976-— CCE TIMI fr ITH

$ 1.550

3

The completion of this project would provide the ability to operate the ZGS at full energy (12.5 GeV) in the

event of failure in the motor-generator set of the ring magnet power supply (RMPS). Because of the problems

common to all accelerators with their pulsed RMPS systems, this possibility is an ever present concern.

Although time lost to the physics program and the cost of repairing such equipment on a creash basis is substantial,

generators are too expensive to carry as a spare item. Being able to switch immediately to pulsing from the

atility power line through the equipment requested for this project would eliminate this problem.

The equipment requested for this project will supplement the request for funds under Accelerator Improve-

ments, ZGS, FY 1972, to provide equipment for pulsing from the power line at reduced energy. This request

(or FY 1973 provides for additional compatible equipment which would make it possible to pulse at full energy
from the power line. The two projects together total $1, 850, 000.

BUDGET PROJECTIONS (in thousands)
FY 1971 FY 1972 FY 1973 FY 1974 FY 1975 ®v 1676
 —_—— eC hrME EXtioX1700

$ 1.000Polarized Proton Source, ZGS

A system consisting of a polarized proton source, HV column, and power supply would be used in conjunctior

with the linac to produce a 50-MeV polarized proton beam. In addition, a number of fast tune-changing elements

would be installed in the ZGS ring to be used during the acceleration cycle of the polarized protons to prevent

depolarization from occurring. Preliminary studies show that a weak-focusing machine such as the ZGS is

capable of accelerating polarized protons with a reasonable efficienty. Such a unique facility would have important

consequences for the U.S. high energy physics program since it is necessary to use both polarized beams and

polarized targets to fully determine the eiffects of spin in many elementary particle interactions. In particular,
he increasingly precise measurements on the nucleon-nucleon interaction during the last few years show that the

effects of spin must be determined in order to advance our understanding of this very fundamentzl interaction.
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 BUDGET PROJECTIONS (in thousands) |

ZGS Hot Shop $ 1,300

The increasing beam intensity and the increasing number of experiments being performed at the ZGS plus

continued buildup of long-lived radioactivity in the ZGS components will result in a need to be able to repair

important items of equipment which are too radioactive for normal nandling. The equipment involved ranges

from targets and intricate targeting mechanisms to large portions of the ZGS, such as the extraction magnets,

diagnostic equipment, slits, electrodes, beam transport components in the ring and in the proton arenes, sic,

All of this equipment possesses a high level of induced activity. While the buildup of long-lived activity has been

slower than initially anticipated, it will continue to increase and special handling will eventually be rogaired.

To handle this hot equipment, adequate facilities must be available in the immediate vicinity of the ZGS. These

facilities should include some remote handling equipment, plus suitable machine shop facilities for intricate
as well as large work.

i
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ASSOCIATED UNIVERSITIES, INC.

UPTON, L.I, N.Y. 11973
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05-01 High Energv Physics:

The AGS Conversion program will greatly increase the AGS capabilities as an accelerator and expand its facilities

for High Energy Physics research. This forecast includes the personnel and financial requirements necessary for a

ceasonable level of utilization of these improved facilities. The forecast also includes the support necessary to

provide the auxiliary devices needed for the current and future experimental program. Provision is included in

FY 1972 for funds to increase the energy of the AGS_facility to about 100 GeV by the use of new cryogenic magnet

— This facility would not only increase the capability of the AGS in a new range, but also would provide

test of new synchrotron concepts which can be expected to lead toward a proposal for funds to design a 2000 GeV

accelerator in FY 1975.

At the present time personnel levels are far below the requirements to properly operate and maintain the AGS and

adequately support the present research program. An analysis of the growing research potential of the AGS, coupled

with the experimental commitments, shows that the prevent operating staff must be increased by approximately 130 by

early FY 1972. This increase represents a minimum requirement for efficient post-Conversion operation of the AGS and

enables the Department to meet the domands of the experimental research programs.

In FY 1971, as the Conversion project 200 MeV linac achieves a pre-operational status, an increase in operating

personnel levels will be required working towards the linac completion by mid-FY 1971. In FY 1972, the remaining

aspects of the Conversion project, including all phases of the conversion of the existing AGS, are expected to be
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05-01 High Energy Physics (cont'd.):

completed. The aporopriate personnel, now working on the Conversion project, will be re-assigned to the AGS Operations

and to research, design and development projects necessary for accelerator improvements and modificaticas to service

the experimental requirements and for general support of the vomeanch programs.

The High Energy Physics Research Program at the AGS continues to increase in numbers of experiments as well as

in complexity. More experiments are using higher momenta particles and parallel and multiple operation of experiments

is being employed. The experimental proposals for use of the accelerator facility in mid-FY 1970 exceeds the number

which can now be supported by a factor of at least. three. In order for the research facilities of the AGS to keep

pace with the experimental requirements in the next six years, new experimental areas will be activated, beam

iransport equipment acquired and utilities and service facilities will be augmented. All the changes will lead to a

final experimental area setup as outlined in "A Proposal for Increasing the Intensity of the AGS." Advancement of

this program requires the acquisition of support facilities in the next six years during which time the AGS experi-

rental program will continuously increase its productivity.

Beginning in FY 1970, the initial changes to the AGS resulting from the Conversion project will affect the AGS

operation and maintenance program. This effect will increase. through FY 1971 and FY 1972. The research fratiietes

will be greatly expanded and, for a reasonable level of exploitation, greater operational and maintenance support

will be needed.
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05-01 High Energy Physics (cont'd.):

In FY 1970 an improved AGS duty cycle with greater flexibility of programming magnet cycle and flat top will

soon be available. An enlarged experimental area will be activated. In FY 1972, increased beam intensity will permit

1 larger and more complex research program. By FY 1972, the Slow External Beam should be operating at high capacity with

several luni Eaneons experiments. By FY 1972, the Bubble Chamber program will be moved into the North Experimental Area

where an smproved fast external beam will be provided to service a multiple Sao operation.

The Advanced Accelerator Development Division is concentrating its efforts in three major areas. First, this

Division has been providing an R&amp;D effort in support of the Conversion project and will complete this effort. Second,

it will I to expand R&amp;D involved with devices enploiting the application of superconductors and cryogenically-

cooled aluminum conductors. Third, the Division will continue studies of high energy accelerator designs with emphasis

a produsing a proposal for increasing the energy range of the AGS accelerator facility with a cold magnet system

into the 100 GeV range and produce a conceptual deslon for the eventual construction of a 2000 GeV proton synchrotron.

Accelerator research and development in progress now, or in the immediate future, determines the scope of future

particle physics research. The present effort at the AGS is now severely limited by the financial and personnel

levels. It is essential that the scale of the effort be increased substantially during the period FY 1970 to FY 1973.
of . - ’ W . o &gt;

Requested manpower increases in the operational budget for the Physics Department are minimal. Overall it amounts

Zo a 20 percent increase for the entire period. Approximately one half of this increase is needed in the next few
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years in order to strengthen the OLDF staff, the 7-foot test facility crew, and personnel to turn one of the current

spectrometer systems into a facility for use by all AGS users, prior to the completion of the large Double Spectrometer

Facility project (FY 1973). Other increases are to strengthen the theory group, the Design and Engineering group, and

programming efforts.

The counter-spark chamber groups are currently very much involved in programs using spectrometer systems for

precision analysis of secondary particles from an interastion oF decay. Plans for the future involve further experi-

FILE in this direction, including a very large Double Spectrometer System describedinthisforecast. These experi-

ments are more nearly programs and thus involvealong period of preparation, data taking and subsequent analysis.

lanpower levels in all groups have not increased, even though complexities of experiments and equipment have done so.

Modest increases are needed as soon as possible. A future experiment to study hyperon resonances would involve the

construction of a wire chamber spectrometer with a superconducting very high field magnet. It should not be forgotten

chat experiments with wire-chamber spectrometer systems collect an immense amount of data, resulting in a large data

analysis problem. Increasing use of the Central Scientific Computer Facility by the counter groups is foreseen.

During the forecast period, major changes are foreseen for the bubble chamber facilities located at the AGS

consistent with and necessary for exploitation of the research potentialities of the improved AGS. These are:

l) A new bubble chamber area, the North Areca, will be constructed as part of the AGS Improvement Program. The proton
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05-01 High Energy Physics (cont'd.):

beam, extracted from the H-10 straight section, will eventually provide secondary beams to all operating bubble

chambers at the AGS. This area will begin operation following the last long AGS Conversion shutdown in calendar year

1971. 2) The 80-inch Bubble Chamber will be moved to this new area. A special conmittes of users,.appointedby

J. Sandweiss (Yale), Chairman of HEDG (High Energy Discussion Group), has recommended this move. The HEAC (High

Energy Advisory Committee) has endorsed it fully. It combines aspects of both economy end shysics. Economy is

achieved because a very long, expensive, mass separated, high energy particle beam will be able to service two chambers

Proximity of chambers will, in addition, reduce operating costs. Physics is served because during those period when

a very large chamber (see next point) is operating for neutrino experiments, the excellent high energy beam can be

used in the 80-inch chamber. The ove would be started at the time the AGS shuts down in calendar year 1971. Every

effort would be wade to have it in operation, with a high energy beam within nine months. 3) The 7-foot test

facility has recently (November, 1969) produced excellent tracks of cosmic ray particles and further tests continue.

After a test run during 1970 at its present location in the Southwest area using the neutrino beam, it will be turned

off and moved to the H-10 area. During the move, the chamber will be expanded in volume to approximately 30,000 liters

to provide a chamber of a size adequate for full scale neutrino experiments and strong interaction physics, using

the greatly improved AGS. The move and expansion will take about a year. It should be completed some time during

calendar vear 1972. The expansion of the 7-foot test facility will be financed from the capital budget, while the
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move from the Southwest area to the H-10 area will be funded by the operating budget. It is anticipated that few

additional personnel will be needed to effect the expansion and the move, since a large fraction of the costs will be

contracts outside the Laboratory. A neutrino beam in the H-10 area will be an important ingredient for the program

of this large chamber. The high energy separated beam, mentioned previously, will of course be able to send particles

into this chamber. 4) Current plans call for ending 31-inch chamber operations during FY -1971. The 30-inch chamber

and beam will be left intact at its present location until approximately FY 1973. Eventually it is planned to build

a suitable low energy beam for the 30-inch or the 3l-inch chamber in the H-10 area.

The equipment presently in the 31-inch beam as well as the equipment in the two beams feeding the 80-inch chamber

will be moved to the H-10 area and will be used to consLrust the high energy separated beam for the 80-inch and the

2xpanded 7-foot chamber.

During the seven months of operation in FY 1970, approximately 4 x 10° bubble chamber pictures are expected.

On the assumption that three chambers will be operational eventually in the H-10 area, the yearly rate could potentially

increase to more than 10 pictures. Multipulsing, i.e., two Or more photographs. taken by a chamber during a single

AGS beam pulse will be a factor in this increase.

Development of satisfactory track sensitive targets (TST) for the larger chambers is an exciting prospect. Many

ohysicists are excited about the potentialities of this technique. [a target of hydrogen or deuterium is placed in a
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05-01 High Energy Physics (cont'd.):

cryogenic bubble chamber. The fluid surrounding it would be neon or neon-hydrogen mixtures. On expanding the chamber

— Weare Bam B=

poth the target and its surrounding fluid are made track sensitive. Interactions are produced in the target and the

denser surrounding fluid will convert vy rays to electron-positron pairs, thereby helping identify reactions having

n°'s or other particles ultimately decaying into yrays | The expanded 7-foot chamber would be expecially useful

with TST. At present Brookhaven has five or six proposals to use a TST in the 80-inch chamber. Interest is mounting

For increasing utilization of the AGS and an expanding experimental program, a high level of capital equipment

acquisition will be needed during the next six years. New devices and increased quantities of existing types will be

required to service the particle beams in an efficient fashion. In addition, the more sophisticated research projects

associated with the AGS make similar demands on capital equipment. The Slow External Beam A additional transpor:

magnets, power supplies and associated equipment for full exploitation. At the completion of the Conversion project

the experimental potential of the AGS will have doubled and the experimental floor area, covered and out-of-doors, will

wave deviled. To equip these areas fully with adequate beam transport arrays will require that capital equipment funds

be maintained at a high level. Another contributing factor to the need for capital equipment funds is obsolescence

of equipment and the termination of useful life of equipment which has already been in service for many years. These

factors will assume more importance during the next six years.

The capital equipment forecasts shown are based ‘on projected experimental programs. The Accelerator Department
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Experimental Planning and Support Division has developed typical beam arrays and then projected the dates when these

oeams will be placed in operation. The funding in the forecast has taken into account the lead time necessary for

procurement of components such as magnets, power supplies, separators and other equipment.

During FY 1969 a substantial upgrading of the On-Line Data Facility (OLDTF) was undertaken. Demands for using

this real time computer facility have been steadily arowing as experimenters Zeon universities have recognized the

power of the on-line computer techniques first developed by the Brookhaven experimental groups. Currently, the over-

whelming majority of counter experiments are connected to the OLDF. The OLDF has a PDP-6 and a PDP-10 shoring 38,000

words of magnetic core memory. Considerable input-output peripheral equipment is available: magnetic tapes, card

readers, fast printers, teletypes and visual displays. In addition a PDP-9 system is being brought into operation

This PDP-9 will be connected to the Central Scientific Computing Facility (CDC-6600) by a system developed in the

Applied Mathematics Department, and designated Brocknet.

In this six year forecast period, additions to the OLDF will clearly be needed. These additions will include:

1) additional core memory, 2) disc file, 3) small computers, such as PDP-15, etc., 4) displays, 5) magnetic

tapes, and 6) additional connections to Brooknet. Approximately $200,000 annually will be needed for this purpose.

The SDS-920 computer (purchased in 1964) now in use by the NIG, has 12 scanning measuring machines connected on

line to it and it is at the limit of its capacity. It is rapidly becoming obsolete. A new computer is proposed for
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FY 1973, at a cost of about $300,000. Some new data analysis equipment will be needed by this group in order to

analyze pictures from the new generation of large chambers (7-foot at BNL, 12-foot at ANL, etc.).

In FY 1970 the Data Terminal Network (DIN), (the BCG data analysis system using a © 7 computer) has become fully

operational with connection to the CDC-6600 Central Scientific Computing Facility. 12 scan’/digitizer table terminals

and 12 general purpose terminals, some with TV type displays, are connected to the DIN. Clear evidence 1s available

as to the success of the system in improving the efficiency of data processing and analysis. Further improvements will

be made in the next two years. However by FY 1974 a new and faster computer to replace the £7 is proposed ($500,000)

ro allow updating and improvements in the sophistication of data analysis procedures.

capital items will also include additions or replacements of certain other data processing equipment including

scanning and measuring machines. For example, it is proposed to I the two HPD instruments connected to the 709&lt;

by one improved version to be connected directly to the Central Scientific Computer Facility (CDC-6600), (estimated

cost $282,000) . Savings in the operational budget would result From retiring the 7094. The improved machine would

initially be capable of measuring 10° events/year, but this number could be increased with a modest additional invest-

ment provided a larger computer, such as a CDC-7600 were available at Brookhaven.

Development will be continued on new types of beam handling equipment including improved versions of rf beam

separators, beam gathering devices and cryogenic targets. There will be an increased program of development of



AUI-BXNL PHYSICAL RESEARCH
PROGRAM (Continued)

2 we 5SRE

3 B 3Bhcol. — ug

da 7 oR
4

4
a

»gePa
Fe

SCHEDULE B

05-01 High Energy Physics (Cont'd):

cryogenic or superconducting magnets capable of very high flux densities. Tests on small models of these types of

magnets, constructed at BNL, have yielded promising results. The development of rf superconducting separators is

now sufficiently advanced to foresee their application in beam transport systems within a few years.

In keeping with the Laboratory's activities in the Yvamals device field, a design will be developed during

FY 1971 for a '"100 GeV" cryogenic magnet accelerator in order to prepare a proposal for start of constructionin

FY 19672. :

In addition to upgrading the energy of the Accelerator Department facility with the "100 GeV" accelerator, the

next major construction project to be undertaken by the Laboratory should be a synchrotron with an energy of about

2000 GeV. This machine would use the AGS as an injector and would include the necessary intermediate equipment to

match the AGS to the 2000 GeV synchrotron. This machine would employ ring magnets with conductors operating at

cryogenic temperatures. It is planned to develop a design for the 2000 GeV accelerator during FY 1975 and submit &amp;

proposal for start of construction in FY 1976.

In FY 1973 a Double Spectrometer Facility is proposed as an extension of the current systems being used at the

AGS. This large scale system is .envisaged as a flexible device complete with its own data handling computer system

which will be available for use by all users of the AGS. In many respects it would function in a manner similar

co. but not exactly like, a bubble chamber facility. Its estimated cost would be $4,500,000. Such a facility would
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03-01 High Energy Physics (Cont'd):

jemand operating and maintenance personnel. They have been included in the manpower estimates. A proposal for an

AGS Service Building Addition will also be submitted for FY 1973. This addition would combine engineering space with

laboratories and work areas necessary to support the varied development programs carried on at the AGS complex. -

In FY 1974, a modest addition to the Physics Building is proposed ($2,200,000). This arises from three needs:

1) Currently the entire Design and Engineering Group (37 permanent and 7 temporary) associated with the Physics

Department is housed outside of the Physics building. 2) Demands for space by university users has continued to

increase and more space is being made available to them for their needs. 3) This forecast reflects an estimated

20 percent increase in Physics Department personnel.
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY « HARVARD UNIVERSITY

CAMBRIDGE ELECTRON ACCELERATOR

HARVARD UNIVERSITY

42 OXFORD STREET

CAMBRIDGE, MASS. 02138

November 20, 1969

Dr. Paul W. McDaniel, Director
Division of Research
U. S. Atomic Energy Commission
Washington, D.C. 20545 °°

Dear Dr. McDaniel:

In accordance with your request of October 30,
1969, | am enclosing an early submission of the
five-year long-range projections (FY 1971-1976) for
the Cambridge Electron Accelerator.

| trust this is satisfactory.

Sincerely,

7)(0 ide len
C. W. Wooldredge,. Jv .;
Administrative Assistant
to the Director

CW/bm

cc/w enc:

Sheldon Meyers
Philip Thompson

¢ 4 27h
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Cambridge Electron Accelerator
Contract AT (30-1)-2076 and Contract AT (30-1)-3025

Cost Projection
"In Thousand Dollars)

ACCELERATOR

Operations
Equipment
A. I. P.
G. P. P.

TOTAL

FY
1070

$4,724 $5,000
1,569(1) 1,930(4)

982 (2)  1,200(5)
178.8(3) 100

FY FY

1573 1974
$5,350 $5,670
1,700(¢) 1,200
1,000 1,000

110 220

FY
1975

FY
1976

$6,050
1,300
1,100

130

$6,400
1,400
1,200

140

$7,453.8 $38,230 $8,160 $7,390 $8,580 $9,140

Includes $215,000 for Magnetic Detector Equipment ($70,000 above President's
Submittal for FY'71l) along with $200,000 for Equipment for digital control of
Spectrometer Systems.
Inside By-Pass $582,000; Improve Ring Vacuum $100,000; Improve DC Power System
5200,000; Improve Linear Accelerator $75,000; Improve Radiation Monitoring $25,000
Second Story to Linac Bldg. $128,000; Renovation and Modification to Laboratory
Facilities $50,000.
Includes $800,000 Equipment funds. for Additional Colliding Beam and Experimental
Facilities and $280,000 for updating Equipment interfacing CEA and Harvard
Computing Center

(5) Includes $300,000 to improve entire RF system to operate at 500 KW average.
(6) Includes large Solid Angle Spark Chamber (inside magnet) for Tagged Photon Beam

($700,000).
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY «+ HARVARD UNIVERSITY

CAMBRIDGE ELECTRON ACCELERATOR

HARVARD UNIVERSITY

42 OXFORD STREET

CAMBRIDGE, MASS. 02138

December 1, 1969

Dr. R. Frichen
Division of Research
U. S. Atomic Energy Commission
Washington, D. C. 20545

Dear Dr. Frichen:

We have recently sent you the five-year long-range pro-
jections (FY 1971-1976) for the Cambridge Electron Accelerator.
In discussing this on the phone with you on November 24, |
understand that you would like information on any new projects
which were not included in our May 1969 budget submission.
These projects are listed below.

FY 71 Equipment

Equipment for Digital Control of Spectrometer Systems - $200,000

The present CEA computers will not control the bypass or the
Beam 7 spectrometer, run an experiment and a debug of another ex-
periment. We have studied several approaches to the problem and
have reached the conclusion that the best solution commensurate
with CEA's long-range plans is the purchase of a small digital
computer with suitable peripheral hardware. Estimates from a
number of vendors indicate such a system will cost approximately
$200.000.

FY 72 Equipment

Equipment for Interfacing CEA and Hatvard Computing Center - $280,000

The present SDS-92 computers used to connect experiments on-
line to the Harvard Computing Center were purchased in 1965. This
equipment has been declared obsolete by the manufacturer, and it is
expected that within a few years maintenance service will no longer
be available. We propose to replace these SDS-92 computers with
the latest model equivalents at an estimated cost of $280,000.



Dr. R. Frichen December 1, 1969

FY 72 - AIP

Improvement of Rf System to Operate at 500 kW Average - $300,000

The FY 71 budget submission included a Schedule 44 for the
improvement of the rf system to attain 250 kW average power with
subsequent increase in FY 72 to 500 kW average. This Schedule 44
in the amount of $1,632,000 was entitled .''"Rf Power Increase to
250 kW (stage 1) and 500 kW (stage 2)' and will not be resubmitted
Recent difficulties with the present rf amplifier make it impera-
tive that CEA revise its rf system immediately, and plans are
underway for such a revision. Changeover to a new rf amplifier
will automatically increase rf amplifier capabilities to 500 kW
average power, but will leave the rest of the rf system with only
250 kW average power capability. This project includes improve-
ment of the rf cavities, cavity voltage and cooling water system
to allow for overall operation at 500 kW average.

If you would like any additional information, please let us
know.

Sincerely,

7 ; I

C. W. Wooldredge, Jr.”
Administrative Assistant
to the Director ’

CW/bm



UNIVERSITY OF CALIFORNIA

LAWRENCE RADIATION LABORATORY

BERKELEY, CALIFORNIA 94720

DC 69-1200
2 December 1969

Dr. P. W. McDaniel, Director
Division of Research
U. S. Atomic Energy Commission
Washington, D. C. 20545

Dear Dr. McDaniel:

In response to your letter of October 30, 1969, making 3
special request for early informal submission of ILRL's Five-Year
Projections for the High Energy Physics Program, we transmitted a
lengthy teletype the evening of 1 December 1969.

Tn the interest of time, we enclose three (3) copies of the
information as it was transmitted by teletype. These rough drafts
may be of assistance in your discussions. The formal Projections, in
the prescribed format, will be included with our regular Five-Year
Plan at the normal Ctime.

Sine~r 1 r yours,
| a,

_

Bdwin M. McMillan

EMM:nh

Fncl.

ce: SAN w/Encl
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IRL Berkeley, High Energy Physics Five-Year Program Projection

INTRODUCTION

The Lawrence Radiation Laboratory's five-year plan in High Energy
Physics provides for a program that will assure its continuance as a national

center for particle physics and accelerator research. From its beginning to
the present time, the Laboratory's complementary activities in high energy
physics research and high energy accelerator development have constituted the
Yermeut source of its scientific strength. During this five-year projection

period, the Laboratory plans to enhance and revitalize these essential fea-

tures of its role as a national center in these fields. There are three

major elements of this plan.

(1) The Laboratory research program in particle physics will continue to

explore the basic properties of elementary particles.

(.) A continuing program of development for the Bevatron facility is

planned.

(3) A new proton facility in the energy range of 50 to 100 GeV, based on

new technology, is proposed for the IRL site; termination of Bevatron

operation, beycnd the period covered by this projection, will be coordi-
nated with the overation of the new accelerator.

1. Research in Particle Physics

‘The experimental high energy program, which is centered primarily at
the Bevatron, covers nearly every facet of elementary particle physics.

It includes work in both the strong interaction field, with systematic
studies of production and decay{wxxramienx ns] properties of resonant states,
andjine area of weak interactions, including, rare decay modes. There
continue to be occasional esoteric experiments which defy classification.

Because many groups both within and outside the Laboratory are ¥EXY eager
to get time on the Bevatron, we foresee no slackening of this effort in

the next five years.

A portion of the present and projected experimental activity by

physicists at IRL is independent of the Bevatron. The most significant
of such activities to date have been at SLAC. based on the 82-inch
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bubble chamber and on the portability of such IRL apparatus as polarized

targets and specialized counter and spark chamber arrays. Members of the

LRL staff are contributing to the design of experimental facilities at
NAL, and are developing a capability for doing experiments at other accel-

erators. They have also been active in the recent revival of interest in

the elementary particle aspects of cosmic rays.

The Laboratory's theoretical group benefits from stimulation by a

vigorous experimental particle physics program, access to good computer
facilities, and the ability to attract excellent visiting workers, which

have contributed to a continuously productive program. The leading role

played by this group in the development.and application of S-matrix

theory is an example. A strong emphasis on phenomenology has not inhi-

bited imaginative innovations such as the bootstrap hypothesis and work

on Regge poles.

A major part of the overall experimental program involves the develop-~
ment of new and improved instrumentation and its employment at the

Bevatron and at other accelerators. These developments include new

particle detectors, spectrometers, beams of novel design, and techniques
in both on- and off-line data analysis. The Laboratory possesses in

these areas an unusually high degree of competence and technical strength
vhich will contribute toward continuing its significant contributions to
high energy physics. A more detailed discussion of the particle physics
research program is given in Section I below.

The Bevatron Facility
The program at the Bevatron, which involves a large number of experi-

mentalists and theorists, is central to the Laboratory's activity in

high energy physics. The importance of research in the Bevatron energy

range accounts for the large overlap in the character of the programs at

the Bevatron and at higher energy accelerators. The Bevatron is competi-
tive in the production of plus or minus pi, plus K, and zero K beams in

the few GeV range; it has, in addition, some special advantages in the

production and utilization of beams for low energy and stopping K's.



In order to respond to the needs of a growing number of active users,

primarily from outside the Laboratory, and to kéep pace with the rapidly

developing complexities of the experimental program, the performance and
capability of the Bevatron must continue to be improved, as described in

Section II below. The scheduling of these improvements will proceed in a

manner consistent with progress toward the proposed new accelerator and

with the essential demands of the experimental research program.

| flew3. New Accelerator Technology and the Propose jAccelerator.

In order to retain the vitality and unique strengths of the Laboratory

in the future and to continue serving those who depend heavily upon its
research facilities, a new accelerator is planned for the IRL site. This

facility, in the energy I of 50 to 100 GeV, will be an important tool

in both particle physics and accelerator research. By employing in its
design and operation important new accelerator technology, it will point

the way to future acceleratorsintheTeV range. The program at LRL is

pursued along two related courses. In one, the study of pulsed super-

conducting magnets has led to an apparently feasible way of building an

accelerator. Both experimentally and theoretically, it appears that a

superconducting synchrotron with a cycle time in the few second range

is feasible. The other course of development involves the use of collec-

tive effects in the acceleration of protons and positive ions. Such

accelerators potentially have important and exciting applications not
only in physics but also in nuclear chemistry, biology, and medicine.

The IRL study is now concentrating on the use of isolated relativistic

electron rings as carriers to accelerate protons. Rings have already
been formed, -compressed, and loaded with ions, and acceleration may be
demonsirated within a few months. Assuming that an electron ring ac-

celerator is shown to be feasible,it is expected that superconductivity,
too, will play an important role in the production of static magnetic

fields associated with the accelerator itself, and in a magnet ring in-

volving some combination of stretching and storage. Construction authori-
zation in FY 1973 Former ouasted description of work on the new tech-
nologies and their application to the proposed accelerator is contained in
Section IIT; additional details.are given in the accompanying five-year
construction projection (Schedule D).



While it is not possible to provide sound cost estimates at this time

on a new technology accelerator, it is recognized that cost becomes an

overriding parameterasacceleratorsbecome larger and that the possi-

bility of eventually reaching very high energies with accelerators de-
pends APT ht ry costs The first intermediate energy new technology
accelerator may or may not itself representacost reduction over con-

ventional accelerators, but it must represent a potential cost reduction

for future large accelerators.

Research in Particle Physics

In summarizing the projection of experimental and theoretical research

activities at LRL in high enérgy physics through FY 1976, emphasis is given
to general trends which are foreseeable with reasonable probability, recog-

nizing the lessons of past experience which show that some of the most sig-

nificant experimental and theoretical results, and new research techniques,
develop rather quickly.in unexpected ways. Workers at this Laboratory have
repeatedly been successful in contributing to such discoveries and in antici

pating the innovative instrumental developments required to exploit then.

The activities here projected at LRL are integral parts of our dong
range plan to maintain and enhance the role of IRL as a center of excellence
for both high energy physics rescarch and high energy accelerator development
and utilization.

We anticipate continued vigorous use of the Bevatron, whose capabili-
ties are to be further improved as indicated in Section II, for several years.

When the Bevatron is supplanted by a "new technology" accelerator (see Section
IIT), experimental activity will shift to it., We shall be prepared for this

transition to higher energy by substantial experience gained through activity
by various IRL experimental groups at NAL, at SIAC, at BNL, in cosmic ray

work, and at other accelerators, supplementing the further evolution of
technique and expertise which will occur in work at the Bevatron during this
period.



Among the specific areas of investigation in vhich various groups at
the Laboratory are interested in working for the next few years are: studies

of production and decay properties of meson and baryon states using existing
bubble chamber techniques; studies of rare states and of states involving
several neutral particles, to be done with triggerable devices such as

spark and streamer chambers; a program on photoproduction using the polar-

ized photon beam at SLAC; studies of electromagnetic and leptonic decays of

hyperons, in which work with the 25-inch bubble chamber is to be supplemented
by spark chambers to obtainavery large increase in-statistics; continued
study of K-mesic and Sigma~mesic x-rays at the Bevatron, photoproduction of
pions and kaons from polarized protons and studies of multiparticle final

states produced by hadrons incident on polarized protons, using polarized
targets at SLAC and at the Bevatron; measurements of recoil neutron polariza-

tion in pion-proton reacvions, using a new spin-refrigerator type of polarized

target; and high energy cosmic ray studies aimed at resolving controversial
evidence regarding high transverse momenta in extensive air showers at ener-
giles above 10” GeV, thought to Nave a bearing on design considerations for
storage rings at NAL. Film from the 25-inch chamber and from chambers at

other laboratories will continue to be used by LRL groups from time to time.

It is too early to project specific experiments at NAL to be proposed by

Berkeley physicists, but such proposals, particularly with the planned
neutrino facility, will be forthcoming in the future. Plans to do high

energy neutrino physics (E sub nu greater than 15 GeV) at NAL are under way.
As can be seen, a portion of present and projected experimental activity by

physicists-atIRLis independent of the Bevatron. These activities comple-
ment the increasing use of the Bevatron by visiting groups.

 Vv

The maintenance and improvement of existing instruments and facilities
for high energy physics research at LRL and the development of new ones, which

we project here, are coordinated with our attack on the physics goals des~

cribed above and with the longer range plan for a future accelerators. They

include: (1) further development of the general area of spark, streamer,
and proportional chamber technique, including not only improvement in capa-
bility of these chambers but also exploration, already started, of totally
new chamber concepts based on use of liquids and sericonducting materials
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as sensitive media; (2) development and use of new types of polarized targets:

(3) active planning and development of equipment to handle film for future

giant bubble chambers, continuation and improvement of existing systems, and

completion and use of the development program on automatic scanning and

measurement of events in bubble chamber film (DAPR); (4) further evolution

of the necessary trend toward increased use of "small" computers as integral

parts of sophisticated detection arrays and their direct interconnection to

"large" computers for reduction of data required to guide the progress of

experiments; (5) corbtinued utilizationofthe25-inch hydrogen bubble chamber
 oeas long as strong user demand continues; (6) further basic research and de-

velopment of semiconductor detectors which. have already made possible new and

interesting work in mesic x-rays; (7) further development, and probable use
in cosmic rays and at NAL, of a very high resolution magnetic spectrometer

system utilizing a very high field superconducting magnet and track locating
systems of high precision. These topics are discussed in greater detail below.

1. Spark, Proportional, and other Chambers
The direction and style of fundamental research are often strongly

dependent upon developmentsintechniquesand principles of observation, ncas-
urement, and analysis. Historically, the impact of such devices as the cloud
chamber, the electronic particle detectors, and the bubble chamber are evident

in the areas of exploration made accessible by them and in the nature of the

research enterprise to vhich they gave rise.
In the past few years and at present, we are witnessing the growth of

another technique that markedly extends the discrimination and versatility
with which the reactions among clementary particles can be observed and Less-
ured. This is the development of the various forms of the spark chamber and

its adaptations to direct readout of particle trajectory data in forms imme-
diately eccessible to computer treatment and analysis. The coordinate informa-

tion, giving particle trajectories and event locations, is accessible through

various techniques, such as magnetostrictive or electrostrictive effectsin
"wands" communicating with fine grid wires constitutingachamber plane, by
sonic signals generated by sparks, or by Vidicon optical recording of the

spark patterns. All these methods can deliver their information directly

to magnetic tape for analysis programs. The complete elimination of photo-
grephy and visual scanning operations contributes to economy and speed.

At this Leboratory, as was the case with early optical chairbers, tne

perfection and application of these direcet readout svstems. varticularly he
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pioneered. Widespread examples of successful use of these techniques are

evidenced throughout the centers of research in high energy physics. The di-
versity of selective sensitivity and form achievable in such devices is strik-
ing; thelr combination with arrays of scintillation counters and Cerenkov

counters to pre-select the kinds of events desired for precise measurement
allows the experimenter a degree of discrimination not accessible to the

bubble chamber.
It is noteworthy that recent Berkeley developments indicate a likely

application of the magnetostrictive spark plane technique to medical and
industrial radiography.

Multiwire proportional chambers will play an increasingly important
role in many high energy physics experiments. Further developments are needed

to improve their space, time, and energy resolution. Much work still needs

to be done in designing, constructing, and utilizing efficient fast logic

systems to work in conjunction with them. We plan to expand our present de-
velopment program to further improve the performance of these chambers and

their associated electronic circuits; the ideas involved will also be extended ir

some new directions, such as reliable D.C. spark operation and multidimensional

readout systems. In addition a number of standard chambers will be constructed

for use in actual physics experiments. We will begin by using four such pro-
portional chambers to study the profiles and phase space characteristics of

secondary beams at the Bevatron. Hodoscope systems capable of making fast de-
cisions will be built for use in polarized target experiments. Other systems
involving several thousand wires are under active consideration, e.g., for
spectrometer applications. Their implementation will be based on the ex~-
perience gained with some of the simpler systems outlined above.

There exists an unfulfilled need for a device that would surpass in

positional accuracy the performance of present day gas~filled spark chambers
and wire chambers. This device should have a time resolution equal to or

better than the wire chambers and a positional accuracy better by an order of

magnitude in order to fulfill the needs of momentum measurement in experiments

in cosmic ray physics and with future higher energy accelerators. Present
day thin-gap wire chambers have spatial accuracies which are at best 0.2 mn

for particles incident at 90 degrees to the plane of the chamber and tine
resolution of approximately 0.3 microsecond. These resolutions are inheresntli

“inherent -

due to Wns eharesterisiioy of the lonization and avalanche developments in
gases, which require that the gap be at least 5 mm wide for satisfactory per-
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Progress is continuing in the development of a device using ionization

relitiplication in liquid argon; it 1s hoped that this technique will give an

order of magnitude improvementinlocationaccuracy. Another approach is to
use an amorphous semiconductor of the glassy or micro-crystalline types which

gre being developed. These materials have rectifying or switching properties
and could be expected to vork as the dielectric for a solid chamber. Various

materials of this nature will be tested, together with a readout which would
be electrical in nature, perhaps even of the magnetostrictive type: which hes
proven so successful so far. Initial work with cadmium sulphide is proceeding

in cooperation with the clectrical engineering department at UC Berkeley.

As another example of a specialized chamber facility, a streamer
chamber system for the Bevatron is being designed jointly by the LRL staff
and a group from UCIA.

gE

2. Polarized Targets

Several improvements in the IRI, polarized proton target capability are
foreseen,inthenext few years. The advantages already achieved in the
change to a butanol Sarmh can be enhanced by going to lower temperature

or higher magnetic field, or both, so that higher target polarization values

can be obtained. The higher polarization willl significently- improve the
accuracy of the experimental results. To analyze fully most scattering am-
plitudes it is necessary to build a target that can be polarized in the

scattering plane, rather than normal to it as in most present targets. A

Helmholtz~coil geometry would be used, presumably with superconducting
coils. It will make possible interesting and important experiments at
Bevatron energies and also at higher energies, including the proposed future
LRL accelerator. Other significant extensions of present experiments can
be in studies of pion dod kaon photoproduction from polarized protons at

SLAC, and in the study of multiparticle final states produced by hadrons
incident on polarized protons.



There is nced for’ polarized target in a geometry allowing a clear
view at all angles up to at least 135° in the Laboratory. This eguipment

precludes the use of .the ¢:iati7iii, Lack rf-punped targets requiring
magnetic fields in the 20 Kg. region. Such a polarized target is en-

visioned as utilizing the spin refrigeration technique. I{ has obvious

epplications in experiments involving counter and spark chamber systems,
end there exists also a proposal for installation of suchatarget in the
25-inch bubble chamber. This target uses yttrium ethyl sulfate (YES)

crystals, as do most spin refrigerators. Heavy element background is
prominent here, -esusval in gll polarized targets. The chief advantage of

the proposed device is that the polarized target itself, and its cryostat,

may be withdrawn from its polarizing magnet and moved into the pion bean
quite free of the bulky magnet structure, while immersed only in a keeping

field of about 1 kG. The e-folding time there for spin relaxation is

about 30 minutes, even under 10% field inhomogeneities. The polariza--

tion vector remains parallel to the keeping field, so that reversels of

the polarization are relatively simple.

Polarization requires about a minute. YES is 5.3 percent by weight
polarizable hydrogen and values of P approximately 0.5 are foreseen. Solid

state physicists in the Berkeley Department of Physics are currently bringing
this improved version of spin refrigerator into operation. Data should soon

be available in the degree of polarization to be expected, and LRL will be

collaborating on efforts to assay the merits of this most attractive techni que

for use in ‘high energy physics. A target of reasonable volume, with freedom from

bulky magnets and rf pumping, capable of equalling the performance of IMN
targets, seems to make the YES spin fefrigerator well worth investigating.
A dummy target will soon be inserted into a currently operating experimental

setup. for a few hours to check the dominant heavy element background from
YES. If this background is tractable and polarizations of 50¢ or more
appear attainable, the construction of such a target will be undertaken
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Bubble Chamber Data Reduction

LRT has played ea pioncering role in developing and using date pPro-
cessing systems. A natural evolution of IRL's activity in the area of

bubble chamber film enalysis involves continually incorporating into the
system more advanced hardware and software systems. As a result of these

improvements, the LRL processing systems cen analyze more events per unit

time, but, evonr more importantly, they can analyze more complicated events

than can be handled on smaller systems and can analyze these events at less

cost; thanonsemalersystems.

i

. The extension and continued improvement of LRL's data handling systems
’
oo logical Tor two reasons: (a) physicists will continue to be interested

in ever higher energies; (b) the technical competence of LRL's engineers and

support groups in the conception, design, construction, and operation of

such equipment provides prototype systems for use in other laboratories not

having development programs.

The dave reduction systems at TRL must be modified to handle the Tiln

format of the large bubble chambers and the severe optical distortions resuli-

ing from their fish-éye optics. Modified scanning and measuring eocuipment
and software will be required.

Current on-line systems will be expanded to allow for computer-
aided scanning. Rough digitizing and real-time reconstruction will enable g

scanner to make judgments on directions and associated origins that would not
otherwise be possible, Such on-line systems will also be useful for work

with "mixed" chambers where a hydrogen target is incorporated inside a necon-

filled chamber.
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li. Computers

The computation capabilities required to match a balanced physics
experimental program have been accurately projected over the past four years
Currently the dual CDC 6600 system is fully utilized. In the immediate fu-

ture another addition to the Berkeley computer complex will be required. It

is plenned that a large computer system, equivalent to the CDC 7600, will be,
procured. Despite the severe budget constraints of recent years, the
Laboratory's requirements for computation have continued to increase. A

machine such as the CDC 7600, working at 3 to 4 times the speed of a CDC

6600 for the Laboratory's mix of problems, will provide more economical opera-

tion end more throughput. The analysis of much more complicated experiments

in the future will take more time on the computer to obtain meaningful re-

sults. Even now, typical experiments may contain a few hundred thousand

events, with computing requirements on each event more than “en times that

of experiments ten years ego.

The proposed computer is required not only for the LRL high energy
physics program but also for those in medium and low energy physics, nuclear

chemistry, biology and medicine, inorganic materials research, and chemical
biodynamics. For example, over the past several years, data have been col-

lected by members of the Donner Laboratory staff concerning results of treat-

ment of leukemia and acromegaly patients. These data have now been digitized,
and an interactive program has been written which allows members of the

Donner staff to test various hypotheses concerning the efficacy of treatments.

The result of this activity has been a marked increase in the computafionil

requirements of the Donner Laboratory.

In addition to work related to the Bevatron experimental progr and

other research in high energy experimental physics, the Laboratory's central

computational facility serves workers at the 184-inch cyclotron, the 88-inch

cyclotron and the HILAC. Theorists, both in physics and in nuclear chemistry

and other research divisions of the Laboratory, also have increasing reguire-

menvs for computation. They are undertaking the analysis of more complicated
theoretical models utilizing more sophisticated numerical techniques. Accel-
erator designers in both the physics and nuclear chemistry divisions are de-
pending increasingly on the use of high speed computers in their work.

Comprehensive, occasionally interactive, programs have been written to assist
in the varied accelerator design work currently going on at ILRI.
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There are large numbers of other computer users in the Laboratory

whose vork has benefitted from the design and use: of more elaborate and pre-

cise procedures; these scientistsaredependentupona large computer for
many kinds of calculations, including those for control and for evaluation

of experiments. An efficient large computer with fast turn-around is ecssen-

tial to their work.

On-Line Data Collection Facilities
The use of Gata collection facilities on-line to small computers

has greatly increased the data output of many experiments. It is anti-

cipated that in the next two years an increasing number of these small

data-collecting computers will be run on-line to one of the laboratory's

major, general-purpose computing systems. This mode of operation will
again increase the amount of data which can be produced by a given ex-

periment. The largest number of applications will be in physics, but

other divisions will also utilize such facilities. For example, the

Laboratory of Chemical Biodynamics is currently implementing a centralized
data-collection system under which several experiments may be run simultean-

eously on-line to an SDS Sigma 2 Computer. Much of the data collected
from these experiments will ultimately be analyzed on one of tne Labore-

tory 's large-scale, general-purpose computers. Similarly, a DEC PDP-9
computer used in nuclear chemistry to control fission experiments will
soon be running on-line with one of the Laboratory's 6600 computers.

Digital Readout Spark Chambers
The increasing use of digital readout spark chambers will impose

heavy new requirements on the Laboratory's computing capability. These
chambers, which pulse very rapidly, allow the treditional scanning and
measuring steps of an experiment to be by-passed. This results in a

very significant increase in the amount of data to be analyzed

Large Bubble Chambers
New techniques in the large bubble chamber area, £ish-eye optics, Tor

example, will place additional heavy demands on the central computing
facility as film from these chambers becomes available in the years

ahead.

The result of operating at cepacity is to-increase turn-eround time

for computer jobs significantly. Long turn-around times have extremely ad-
corse offoetas on Lhe nrodiuectiviiy of ecienti{i~o and other technical mperaeory a )q
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There is an increasing need for additional small and medium size com-

puters which will speed up data acquisition and allow faster feedback to the

experimenters during the progress of an experiment. As LRL has done much

in pioneering the use of such computers, technical competence has been devel-

oped among its personnel in interfacing and maintaining this equipment in

accordance with the needs of the experimenters. Additional effort in this

area will be required during the next six years.

‘Studies and development will continue, aimed toward the operation of
a comprehensive, expandable system connecting several on-line experiments to
a large computer. Such a system will be needed in the future Tor data

processing connected with the use of major on-line experimental data detec-

tion facility in this Laboratory.
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The 25-Inch Bubble Chamber is currently operating at a rate of ep-
proximately 3-4 million pictures per year. In a 23.5-Kg field, using so

resonant expansion system, it is normally run in the double-pulse mode

and is capable of triple-pulsing so that is could produce even more pic-

tures per year. Beams of i rrom 800 MeV/c to greater than 2 GeV/c
momentum andy =) beens up to 3 GeV/c are available with high purity and
usually take but_a small fraction of the Bevatron circulating beam for most
energies. The {K% ‘momentum range between 1 and 1.6 GeV/c, rich.in .the .
formation of Y* is not covered at any other hydrogen bubble chamber in-

stallation in the country. Further there is installed in the chamber a

movable platinum target which, when not needed, is retracted in a few

minutes so as Lo be completely invisible." Upstream of the chamber a beam

destroyer magnet is used to predetermine the number of beam tracks per
picture so that the data collection is optimized. Provision has also

been made for a pencil beam which can be stepped across the chamber in

uniform intervals. In addition, the high quality of pictures and relia-

bility of operation make the 25-Inch Bubble chamber 8 very attractive and

useful tool with which 10 do much high energy physics at the Bevatron.

The 25" chamber has been able to schedule very large blocks of
pictures which have enabled physicists to make detailed study of parti-
cular reactions at many closely spaced momentum points. -Much more data

need to be gathered to understand the energy region being investigated,
including: (a) identification and understanding of ye resonances, (b)
associated production experiments, (c) understanding of "Cool" bumps in
- reactions, and (d)Apand An interactions. A test is in preparation for

a (planned) polarized target to be installed inside the chamber, and which

will exist as a general facility if it proves to be successful. It is of

interest to point out that there is more bubble chamber dats on pion elastic

scattering than counter or spark chamber data in this region, and for

inelastic reactions, the bubble chamber excels,



Depending on the demand for a chamber of this size, after the end of
FY 1971 we will consider shutting down the 25-inch bubble chamber to allocate

resources to other Berkeley high energy program requirements of higher
priority. |

In conjunction with the construction of a "new technology" accelerator

at Berkeley, there is interest in building a high field (approximately 70 XG),
highly eccurate bubble chamber of the order of approximately two meters in

size, to do strong interaction physics at high energies,

6. Semiconductor Detectors

i|

This Laboratory has led in the development of lithium-drifted germanium

semiconductor detectors. Tor the past two years an extensive program of

crystal growing and material evaluation has been carried out to determine
the relationship between crystal growing conditions and the performance of
lithiun-drifted detectors made from the crystals. The end objective of

the program is to achieve gamma-ray energy resolutions limited by the fun-
damental statistical limitations of charge production in the detector

material, not by crystal imperfections. Already these detectors are ca-

pable of the highest known resolving power for gamma end X-ray detection.
In addition to the importance of these detectorsinotherareas of re-

search, studies of new kinds of atoms through their X-ray spectra have

»zen made possible by their employment. Experiments onX" “este X-rays
will continue at the Bevatron in the next few years. The X-ray spectra

of many more elements and pure isotopes will be measured, with special

emphasis on the isotopes of the rare earths such as Samarium. Rare earth

isotopes are expected to give information on the shapes of the nuclei

(nuclear deformation). Projected improvement in the intensity of the
Bevatron low momentum K-beam by a factor 40 should make signd “hyperonic
atoms about as observable as are kaonic atoms with the present beam.

- After considering a number of possible detector materials to improve

gamna-ray detection efficiency, we have recently started work on thallium

selenide. The high atomic number of thallium selenide suggests that a

given thickness would be about 100 times more efficient.for photoelectric
absorption of gamua-rays than the same thickness of germanium, . Tmproved
detectors may reveal the doublet structure of’ signi nyperontc X-ray lines
and thus lead to » measurement of the LR rs. Sets
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Very High Resolution Spectrometer
WL Vers SIERO REBSI don Spent vane lM Sn BRM peUnPECLEC Ee

The development of a very high resolution magnetic spectrometer
system is proceeding at IRL. This system will utilize a very high field

superconducting magnet together with track locating systems of high
precision. At first, these will consist of large plates of nuclear

emulsion sandwiched between conventional spark chambers. It is hoped

that chambers utilizing liquid or other condensed sensitive media may
lead to a more flexible and efficient method of track location. Such

en instrument could be a valuable tool Tor cosmic ray studies, both at

ground-based sites and, in the future, in balloons or orbiting setellite
laboratories; in addition, it could be very valuable research device
at high energy accelerators .
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 II. THE REVATRON FACILITY

Although other accelerators with energies higher than that of the

Bevatron have now been in operation for a number of years, the Bevatron

continues to provide to a large and increasing number of institutions facili-

ties for high energy physics research of great interest and importance. Tor

example, several of the detalled studies of inelastic reaction cross sectlons

and angular distributions now being conducted by bubble chamber groups at
* *

LRL, to determine resonance parameters of low ying ¥Y and N states, have

also been proposed at CERN but arc moving ahead slowly there because of

higher priorities assigned to other experiments. As another example, half

of all the counter and spark chamber experiments approved for the AGS at

RL as of July 1969 were in beams of momenta and intensities easily provided

at the Bevatron. The importance of high energy research in the Bevatiron

energy range accounts for the large overlap in the character of the programs

at the Bevatron end the higher energy Pn Ors. The Bevatron is competi-

tive in the production of plus or minus pi, plus K, and zero K beams in the

Tew BeV range; it has, in addition, some special advantages in the production
and utilization of beams for low energy and stopping kaons.

.

As has been robed repeatedly in surveys of the nation's high energy

physics program, there is and will continue‘to be a serious shortage of time

for experiments in beams generated by high energy protons, The RBevatron can

provide such beams with exemplary versatility, multiplicity, reliability,

and efficiency. At present, more than half of the Bevatron research program

is carried out by visiting groups, predominantly from the western United

States, but with continuing activity from other ports of the ER It
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is well suited to meet tha needs of the growing number of active users in

the country's high energy community

During its lifetime the Bevatron must continue to be improved in

performance and capability to keep pace with the rapidly changing complexi-

ties and special real Tannuhy of experiments. These improvements will be

planned and executed in a manner consistent not only with the programmatic

requirements of experimental research projects but also with the development

and construction of its successor. If ou development of the "new technology"

accelerator proceeds rapidly, the longer range Bevatron improvement schedule

will be adjusted appropriately. In this vay &amp; smooth and orderly transition

can be achieved without damaging the productivity and efficiency of the large

nuiber of research groups involved.

Those improvement activities requiring Accelerator Improvement Project

or "ine-item construction funds are separately described in Schedule D of

this five-year projection. The following is a general summary of proposed

Bevatron operations and improvements.

J. RF System Improvement

A new RF system which provides high frequency bunching of the

accelerated beam is belng consitmnd. -Such a system, which provides

ordered structure to the beam, will substantially increase the

selectivity of data-taeking for spark chambers and counter experiments.

A related but separate project provides control of the magnet flattop
and provides magnet ripple reduction in order fo, cophin beam spills
and reduce slow ripple structure.
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2. Increased Intensity

Several projects are underway or are under study to increase the

intensity of the machine from the present limit of 5.2 x 1072 protons per

pulse to greater than 1072 protons per pulse, Included are plans to iwuprove

the Bevatron vacuum; in to neutralize beam instabilities during the

acceleration cycle which appear both after injection and at high-cnergy;

and a plan to replace the present 20 MeV Linac Injector with the 50 MeV

Linac that will be discarded at BNL in 1972. Computer control, which has

already been successfully applied to control and programming of the pulse

modes of the Bevatron magnet power supply and to the forty programmed

magnets in the multiple channel cared proton beam system, iLL, hamid
cally culandall to the eontrol, monitoring and diagnostics of other parts of

the Bevatron. Resonant extraction work will continue with the expectation

of being able to extract .up to 80 percent of the circulating proton beam.

5. Overational Versatility

Versatility in experimental operations will continue to recelve hig?

priority. Closed-loop computer control of beams is a promising future

development. Other improvements to the experimental facility will include:

The application of superconducting magnet technology to the construction

of nev secondary-particle beam lines; the design and construction of very
\

specialized beams; the installation of an on-line computer facllity associated

with the Bevatron; and the construction and installation of a ma jor on-lire

experimental data collection facility at the Bevatron.

L. Stopping K Beams

{
GF

In accord with these plans is the development of special secondary

beams that are particularly well matched to the Pevatron energy. An example



oh
4

is a short beam to provide stopping XK mesons. Preliminary estimates indi-

cate that a factor of seven in intensity may be gained by shortening the

beam and thus diminishing the loss due to decay in flight, end a factor

of six by increasing the solid angle subtended. The number of stopped

K's should thus increase by a factor of over Lo, giving about 1.5 x 10°
- 4 ymis K 10 ;

plus XY and 1.5 x 10 (kK) stopping per pulse of 107 protons, This is an order

of magnitude greater than present day stopping K beams at any accelerator.

This beam development will require a new design of beam magnets snd electro.

static separators. (We are considering the possibility of using super-

conducting magnetsin this development.) A short beam of this type is well

sulted to the Bevatron; such a beam would be less sttrachive at high energy

accelerators where shielding requirements are much greater, making the con-

struction of useful short beams more difficult. Many interesting experi-

ments in such a beam can be envisaged. A series of experiments on K-mesic

atoms should give information on nuclear shapes and on the surface of the

nucleus. Furthermore, minus Sigma mesic atoms will become about as observable as

present minus K mesic atoms, and one might even see their doublets, revealing
the magnetic moment of the minus sigma. Rare modes of decay of the K, €.8.,
plus K goes to plus pi plus nu bar plus nu will become observable, or upper

limits on their branching ratios will be improved. A beam of this quality
and intensity will match the capabilities of present day detectors and thus

will be fully competitive with beams that may be obtained from other machines.

5. Improved K and pi Beams

Improvements sre planned for separated KX beams in the 1 to 2 GeV/c

region and high intensity pion beams in the 1 to 4 GeV/c region.  Througt
careful desier vion heams can be obtained with intensities of 10 nt ono

-
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Or more per 1072 protons. The need for these 1s indicated by the continuing

requirements for sccondary beams of high quality and high intensity. In

some of the beam designs to be studied, superconducting elements may be

utilized to achieve maximum solid angles with minimum length.

During this flve-year forecast period, it is planned to continue to

operate the Bevatron on e seven-dey, around-the-clock schedule. Maintenance

will be done during short regularly scheduled shutdowns. Longer shutdowns

will be scheduled for major overhaul and for modifications.
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A new technology accelerator, with proton energy in the range 50-100 GeV,

is planned for the IRL site.
/
“The accelerator is to be based on new tech-

nologies showing substantial promise of leading the way to a scientifically,

technically, and economically attractive accelerator in the TeV range.

Because such a machine should not be constructed without the assurance and

experience to be gained from construction and operation of a similar

machine at a lower but significant energy, the proposed accelerator will

provide an essential step toward higher energies. The energy range will

be scientifically exciting for many years. Judging from the strong

continuing program at the Bevatron, which reflects the strength of

scientific activity at IRL and in the groving user community, a vigorous

and diversified program cen readily be anticipated. It is practical to

locate and operate the new accelerator to utilize much of the existing

Bevatron facility, with its buildings, utility distribution systems, heavy

floors and shielding, experimental areas, etc., and possibly to employ

the Bevatron magnet as a spectrometer. The plan is consistent with IRL's

scientific and engineering capabilities, and with the Laboratory's estab-

lished role as a center for high energy physics.

The program of research and development associated with the new technology

accelerator at IRL is carried on by an experienced staff who, in close

relationship with the research program in particle physics. have raintained
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a highly productive role in the fieldszof accelerator research and

technology.

The present program at LRL is pursued along two parsliielisbut related

courses. On the one hand the study of pulsed superconducting magnets has
led Cur
Jet to an apparently feasible way of building an accelerator. Taz study

6718% of large systems of superconducting elements, initially undertaken

in connection with the IRL ( and later NAL) 200 GeV Design Study is in

many respects directly applicable to the new accelerator study. Also

relevant is the operating experience obtained from the use of super-

conducting magnets in the IRL experimental research program. This has

been sufficiently encouraging that the design is now underway for large

systems of magnets to be used in secondary beams at the Bevatron. The

fundamental studies underlying the IRL program on pulsed ‘superconducting

magnets have included stability and degradation effects and extensive

megsurements on a.c. losses. The resulls are in essential agreement with

recent theory. As a result of these tests it now appears, both experi-

mentally and theoretically, that a pulsed superconducting synchrotron with
- feasible

a cycle time in the few second range is ressciabla.

The other course involves the use of collective effects in the acceleration

of protons or ions with a large rate of encrgy gain per fool. Such accelera-

tors are exciting because of potentially important applications not only in

high energy physics, bul also in nuclear chemistry, biology, and medicine.

The IRL study is now.concentrating on the use of isolated relativistic electror «im

to accelerate protons. An experimental and theoretical program to explore
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and develop the technology of collective -efTect accelerators will continue as

a high-level activity during the 5-year period. The Livermore Astron

injector is being used as an intense source of electrons in the present

experiments, which have successfully demonstrated the ability to form and

compress intense rings of electrons.and to load them with ions. The
—N .

program now emphasizes extract ion of the loaded rings from the magnetic
— -

containment region.

Much experimental investigation is required to develop fully the many

stgnifizent new concepts for accelerating protons to very high energies.

These include a variety of configurations for the compressor, the device

in vhich the rings are formed and compressed «n=l nruilons to generate

high holding fields for the trapped ions. Also, there are a number of

possible ways of extracting the rings frou the ‘corpressor end accelerating

them axially along a solenoid. (Geometries in which an inner cantilevered

solenoid lies within the ring must be explored. In order to establish

the electron-ring concept as a useful means to attain very high energies,

it is necessary to investigate electric acceleration of the ring. Functionally

and economically, a combining of the clectron-ring technology with that of

superconductivity is very attractive, and one approach under study involves

the concept of a static magnetic field compressor into which electrons

are injected at high energy to form a ring that is compressed in dimensions

without transverse acceleration of the electrons. In the application to

very high energy machines, the use of superconducting technology in the
g

form of a static or slow-cycling stacking ring, fed by an electron-ring

g or - _ « Mmeaccelerator. could result in a vastly different concept for future accelerators.
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A cornerstone of this development program is the establishment at Berkeley of

an experimental test facility to provide an intense source of relativistic
electrons. Construction of an electron injector, for currents in the region

of hundreds of amperes and an energy of approximately Uh MeV, is expected to

be completed during FY 1970. Until that time the experiments on expansion
acceleration will continue to be carried out on a time-sharing basis using
the Astron injector st Livermore.

It is expected that within the next six to nine months most of the significant

unanswered technical questions inh both superconducting synchrotron and electron

ring acceleration will be resolved. Tt is anticipated that a construction

proposal for the new accelerator will be submitted in June, 1971 for authoriza-
tion in FY 1973. To accomplish this, authorization of CP &amp;D funds will be re-

quested for FY 1971 to perform detailed cost estimates for the accelerator.

At this time a number of possibilities exist; these will be appreciably

narrowed as the results of certain key experiments become available. A pulsed
superconducting ring with a conventional injector is one concept that is

closest to realistic engineering and cost estimation at this time. At the

Other end of the spectrum is the concept of a full-energy electron-ring-

accelerator that could alternately feed experiments requiring short pulses or

a static field stretching-ring. In bstween is the possibility of providing

high injection energy from an electron ring device.into a pulsed superconducting
ring.

In parallel with the effort on the new accelerator, improvements will be

needed on the relativistic electron source which serves as the injector

for these studies. This will result in an improved high intensity electron

gun by FY 1972. If the concept of a static field compressor appears
attractive, the energy would be increased from 41.0 MeV to perhaps 15 MeV,
by the simple addition of more stages of acceleration, which can be

installed with only periodic interruption of the experimental program. A
new "Advanced Technology Research and Development building, for space
and support facilities pertinent to this program is pronosed for FY 1972.
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During the latter years of this period of projection the basic theoretical
and fundamental experimental studies of methods of particle acceleration

will be continuously pursued, along with the development of the new tech-

nology accelerator. It is important to sustain this effort if the maximum

benefits of these applications are to be made available for accelerator use

in high energy physics and in other fields. There are three noteworthy

lines of possible future development. First, a full encrgy ERA by itself

could become a useful physics tool with interesting novel properties to be

followed by a superconducting stacking ring, and finally by the addition
of a second ring to form an intersecting storage-ring pair. Second, the

use of superconducting magnets to provide linear guide-Tields for the

electron-ring is an extremely attractive concept, which is expected to lead

to significant economies. Third, the idea of constructing an accelerator

in the 50-100 G=V energy range based on novel technology usually has been

thought of as a precurser to an accelerator in the TeV range. This is

certainly the major goal, but there are slso several other areas of tech-

nological importance. For example, pursuit oi the ERA applications is likely
to have early impact in the fields of nuclear chemistry and biology and

medicine. Other possible applications to the rejuvenation of existing
proton facilities have yet to be explored. In short, implementation of a
new accelerator technology may supply the needed stepping stone to the

single new super high energy facility, and in the process may also have a

profound effect over a broad frontier at lower levels of energy.
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SCHEDULE C

LRL Berkeley
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The equipment levels for IRL's high energy physics program are to

provide the necessary equipment to conduct the planned expanded experi-
mental program described in Schedule B. As indicated, the Laboratory

plans to fully utilize the Bevatron facility over the next few years.

In FY 1971 we have asked for 11,110 X3 of which 8,760K$ is for a large computer
system, and $2,650 for the research program. This level of equipment

funding is to regain a level of equipment support which is badly needed for

the ongoing Bevatron research program and to provide support for the ERA

development program..

It is anticipated that, as a result of vigorous negotiations, the large

computer system can be obtained in FY 1971 for the amount requested ($8,760,000).
It now appears likely that one more generation of conventionally organized
machines will be built by both CDC and IBM and that these machines will

provide a factor of four or five in performance over the CDC 7600 and IBM

360/195. An additional sum of $11,000,000 is requested in FY 1974 for the

procurement of an advanced computer. However, it is possible that in FY 197h

the Laboratory might wish to procure an array processing machine in lieu of a

conventionally orgainzed computer.

Purchase of small and medium-size computers is planned for Fiscal Years 1972,
1973, 1975 and 1976. Equipment funds needed for thesge computers are

estimated at between 300 K$ and 500 K$ in each of these fiscal years. They

are to be used vith ongoing accelerator facilities, and research programs.

Bending magnets, beam transport magnets, associated power supplies, and
separators will be required for the secondary particle beams from the Bevatron

target areas. Experimental setups require special magnetis including large-
eperture ones Tor housing spark chambers. Also power supplies and detecting

equipment are required, often of special design 2nd great
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complexity. With the increasing number of experiments by groups from
other universities, the demand on ILRI, for electronic ccunting and

monitoring equipaent will continue to increase during this period. Medium

slze computers will be increasingly required as integral parts of experi--

ments and in part are to be interfaced to connect into the largerdompater
systems.

arVE
A150, gouipment funds will be required for upgrading and extending the

energy of the electron injector used to conduct ERA experiments. The specific

medification and improvement will be determined by the progress of the
experimental program.

Data reduction equipment will be required for new film formels to be %iu

ke utilized at new large bubble chambers at other laboratories which will

be producing film during this period. The new film format” associated

with these chambers and thelr severe optical distortions, will reguire radical’

changed scanning end measuring ecuipment, In conjunction with constructing
a new technology accelerator at Berkeley, there is interest in building

&amp; high field RTO0KG), highly accurate bubble chamber of the order of

A 2 meters in diameter, to do strong interaction physics at high energies.

In the last year there has been considerable progress in further

advancing the technology of superconducting magnets and their application
to accelerators, to beam transport, analyzing and backstop magnets and

to special purpose magnets for specific physics experiments, Continuing
activity in these fields with correspondingly rapid progress can be

confidently projected for the next few yezrs. It is foreseen thet the

development and implementation of this technology will be intimately
research

comected with the evolution of retparich and development on many possible

embodiments of hardware for forming, transporting, and accelerating electron
rings in the ERA program, and also on engineering and economic conslderations

of future ERA accelerators of various possible types. Research and

development activities on the inter-related topics of superconducting
magnets and electron ring accelerators will require substantial emount a
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of new capital equipment funds each year in this period.

Also, superconducting magnets will be fabricated to meet research needs

which are not possible with conventional magnets for reasons BOF space

limitation, high field streng th requirements, cost or power limitetion.
Bxamples of these applications include backstop magnets for Bevatron

beams, large volume spark chamber magnets, and magnets for special

purposes, such as operating polarized targets, inducing neutron spin flip,
or capturing particles for magnetic moment measurements, which require

highly precise and specific field shapes and high field strengths.
An example of beam transport elements that require superconducting coils are

the following that are under construction for Bevatron use: a focussing

doublet in which each quadrupole has an 8" warn bore, approximately a

3' length, and a gradient of 6 kG in ~~, a bending magnet with a 10"

werm bore, approximately 3' lenglh, and a dipole field of LO ka. A

series of magnet and material tests have shown that pulsed superconducting

magnets, as might be used in a superconducting synchrotron, are nov tech—

nically practical. An inital series of pulsed magnets 258 required to
demonstrate that these elements have sufficient field precision, relisbility,

ruggedness and economy for accelerator epplications. A development program

of this type is contemplated, and capital equipment related to this develop—
ment will be required as the development proceeds.
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SCHEDULE D

LRL Berkeley

CONSTRUCTION (in K$)

Accelerator Improvements, Bevatron

New Technology Accel, 50-100 GeV

Bevatron Injection System
Adv. Accel. Tech R &amp; D Bldg

“PB Facility Extension

5 GeV Stretching Ring
Physics Bldg Addition 50C

FY 1971 FY 1972 fy 1973 FY 1974 FY 1975 FY 1976
900 2,200 2,200 2.500 2,500 2,500

1,000{CP&amp;D) | 59,500

1,000
3,500

2 C00
2,000

2,500
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FY 1972-1976

The Bevatron will continue to support a vigorous experimental program in

high-energy physics during the next five years. Consistent with the overall plans

of maintaining a highly productive research and accelerator center it is necessary

to keep pace with the user requirements in the rapidly changing complexity of
current experiments; therefore it is planned to continue to improve the Bevatron's

performance and capability.

Plans are underway to increase the Bevatron intensity to meet the demands of

the present and future experimental program. The program will utilize the AGS 50

MeV linac which will be discarded by BNL in 1972. (This project for the transfer

of the Linac is a construction item for FY 1972). The 50 MeV injector will raise

the injection space charge limit at the Bavatron as well as reduce the initial

gas scattering. Main magnet improvements consistent with this program will be made

by installing additionzl pole face vindings. At the present time the maximum

current allowed in the existing windings is inadequate. Recent tests indicate that

an additional increase in beam intensity can be made by improving the Bevatron

vacuum. A study of an improved pumping system is underway. These improvemants

together will result in a factor of five increase in intensity.

Recent developments in the program for improving the EPB extraction efficiency
indicste a factor os two increase in extraction efficiency with resonant extraction.

Full operational utilization of this system requires improvements in the main

magnet ripple reduction system as well as higher pole face winding currents.

The overall program described in the above paragraphs represents a potential

order of magnitude increase in the external beam intensity together with a struchburc-

free beam spill having the typical duration of one to two seconds.

: During the past year the Bevatron has provided, vhen required, over 1.5 x
1012 protons per pulse on a single target station in the EPB. With minor shielding

improvenent more than 2 x 1072 can be utilized at any target station. As there are

four target stations in the EPB, the Bevatron has the capability of utilizing 1013
protons /pulse in the EPB alone. With resonant extraction the main Bevatron shieldins

is adequate to handle these intensity levels



Other improvements under study are an RF system to provide high frequency

bunching when required. These RF system improvements will be designed to allow
also for the acceleration of deuterons.

In concert with the operational improvements in new secondary beams mentioned

in Schedule B there will be improvements to the experimental facilities for increased

pover and cooling capacity and a more flexible utility distribution system. The

application of superconducting magnet technology will be utilized on some new

beams when maximum solid angle and minimum length are required. Finally the rapid

development of wire spark chamber systems and the anticipated developments in
proportional chamber systems for experiments will require a data link from the

Bevatron to the IRL central computer center in the near future.
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FY 1972
1.6 million &amp;

» » mL =n J sfBevatron Injection System - &amp;is H J, es I

5

An improved injection system will provide a significant increase in the
intensity of the circulating beam. The need Tor higher intensity arises from the

growing multiplicity of simultaneously operating secondary beam channels and

from the developing sophistication of experimentation. With the proposed improve -

ments the Bevatron will retain unique capabilities in its enersy range Tor the

production of high intensity and high quality beans.

With the new resonant extraction system about 80 per cent of the circulating
beam will be extracted. Therefore, a larger circulating beam can be accommodated

internally without imposing serious radiation problems.

The planned improvements include a higher energy linac, =n improved and

higher intensity ion source, and a modified inflector. Some modifications to

facilitate the accelerstion of deuterons will also be made. A particularly
attractive way of increasing the injection energy is by replacement of the present

20 MeV linac with the BNL 50 MeV linac, which will not be needed at Brookhaven

after completion of the current AGS improvement program.

With higher injection energy the space charge limit of the Bevatron will be

raised and the effects of gas scattering will be reduced. With all the improve-

ments,a gain of a factor of five in beam intensity is anticipated.
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FY 1972

Advanced Technology R &amp; D Building, 3.5 million $

The proposed building will provide development space and area in

which to carry out the necessary research and development work in this

field. Scope of the activities of the Group ¥ixrk will require such

space as:

1. Study end development of the applications of superconductivity to

particle accelerators and high energy beam lines.

Acceleration of electron rings by various electric field configurations,
which is fundamental to the achievement of high energies.

2 Development of magnetic expansion acceleration of electron rings.
L. Studies of static field compressors, which will probably include the

use of superconducting elements.

9
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FY 1973 Construction Authorization

6e,8High Fnergy Physics New Technology Accelerator, 50-100 GeV: “0:5 Million $

This project is for the construction of a high energy accelerator incorporating

new accelerator technology currently being developed at LRL. The accelerstor will
be in the energy range of 50-100 GeV. The $50.5 million number shown is an

approximation and depends upon the technology and energy level selected. A pre -
liminary cost estimate for the various alternatives will be made during the next
four months.

The proposed accelerator will involve the applicationofnewtechnology and would

provide a source of protons for elementary particle research Tor experimenters at

a range of energies expected to be rich in phenomenology as yet not adeguately
explored.

Two new technologies applicable to high energy accelerators are under active study

at this Laboratory. One is the use of superconducting magnets to provide guide
and focussing fields for high encrgy protons. They could be employed at constant

field to form stacking, stretching or storage rings of small diameter; or they
could te pulsed to accelerate protons, with considerable advantages. The second

approach béing pursued is development of the electron ring accelerator in which the

ring provides a vehicle. Tor accelerating protons, or other ions, with a large rate
of energy gain per foot. The technique Tor forming rings of suitable properties and

loading them with ions has now been established by the success of the Compressor IT

experiment (refer to Operations Section of the five-year Forecast), but the essential
experiments to demonstrate the feasibility of acceleration will not be conducted
until mid FY 1970.

In both technologies there remain several unanswered technical questions which have

important economic considerations. Progress is very rapidly being made in developing

both technologies. and it is expected that within the next six to nine months most
of the significant answers will be known. It is anticipated that a construction

rpoposal will be subnittedinJune,1971Tor authorization in FY 1973. To ac-

complish this authorization of CP&amp;D funds will be requested for FY 1971 to perform
detail cost estimates in order to attain a high degree of reliability for the
cost of the accelerator



«Accelerator 50-100 GeV (continued)

At this time a number of possibilities exist, and the field will be

appreciably narrowed as the results of certain key experiments become avail-

able in the next six to nine months. A pulsed superconducting ring with a

conventional injector is one concept that is closest to realistic engineering
and cost estimation at this time. At the other end of the spectrum is the

concept of a full-energy electron-ring-accelerator that could alternately
feed experiments requiring short pulses or a static-field stretching-ring.
In between is the possibility of providing high injection energy from an

electron ring device into a pulsed superconducting ring.

There are three noteworthy possibilities. First, if the concept of a

full energy ERA proves feasible, it could first become a useful physics

tool by itself with interesting, novel properties; it would then lead to the

additionofasuperconducting stacking ring, and finally to the addition of a

second ring to form en intersecting storage-ring pair. Second, the use of
superconducting megnets to provide a linear guide-field for the electron-

ring is an extremely attractive concept; it is expected to lead to signifi-
cant economies. Third, the idea of constructing an accelerator in the 50-

100 GeV energy range based on novel technology usually has been thought of

as a precursor to an accelerator in the TeV range. This is certainly the

major goal, but there are also several more immediate areas of technological

impact. Forexample, pursuit of the ERA applications is chronologically
more likely to have its first impact in the fields of nuclear chemistry,

biology, and medicine, rather than in ultra-high energy physics. A number
of U.S. universities are interested in medium energy physics if a combination

superconducting storage ring can be incorporated. Possible applications to
the rejuvenation of existing high energy proton facilities have yet to be

explored. In short, implementation of a nev, accelerator technology may supply
the needed stepping stone to the single new super high energy facility but,
in the process, may have a profound effect over a broader frontier at lower

levels of energy.
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FY 1973
k 3 . ° v

Bevatron Fxternal Proton Bean Fxtension - "3 million

The Bevatron external proton beam facility, which now includes four

separate target stations; has provided the Revatron with a considerable in-

crease in experimental capability and flexibility. The growing need to

accommodate simultaneously operating experiments 1s accomplished by heavily
shielded target stations at each of which several secondary beams can emerge
from a common target. The need to extend the present capability of the EPB

system is apparent in the increasing experimental demands on the facility;
this comes largely from the growing number of outside groups who now account

for more than half of the program. Extension of the experimental area is

needed both £0 provide a greater variety of secondary beams and to relieve

the present system from the crowding which has accompanied the development
~f the more sophisticated beams and large detectors of the spark chamber-

spectrometer type. Typical experiments now require more floor space for
beam tests in advance of actual operation. The planned extension includes
additional target stations with the associated shielding and utilities.
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FY 197h

¥ . .

6 GeV Superconducting Stretcher Ring -¥3 million 4

This superconducting magnet system will be a valuable asset to the

Bevatron experimental facility and at the same time will serve as a pilot

application of new accelerator technology. The ring will be interposed be-

tween the accelerator and the external proton besm transport system to pro-

vide experimenters with dc beam. Especially with the availability of higher
intensity, this will lead to an improvement in operating effectiveness of

much more than an order of magnitude for many experiments. For all counter and

spark chamber experiments, a significant improvement will cccur, not only
because a structure-free beam will be available, but also because the accel-

erator will be able to pulse more frequently to provide a higher average

beam intensity.

FY 1975

Physics Building Addition 50C =~ 2.3 million $

The increase in physics research effort and the necessary support

functions during the period of this projection will make it necessary to
add another wing to Physics Building 50. The addition is foreseen as

being approximately 40,000 square feet of laboratories and offices for

scientific and support activities and personnel



NATIONAL ACCELERATOR LABORATORY £% PO. BOX 500
BATAVIA ILLINOIS 60510
TELEPHONE 312 231-6600
DIRECTORS OFFICE

November 26, 1969

Dr. Paul W, McDaniel
Director, Division of Research
United States Atomic Energy Commission
Washington, D. C.

Dear Dr. McDaniel:

Enclosed are the budget estimates for FY 1972 through 1976 that
you requested in your letter of October 30, 1969.

{&gt;

In sending them to you I want to emphasize the inherent inaccuracy
of such long-range projections when applied to the kind of fundamental
research involved here. Depending on the particular discoveries that are
made, upon technological invention, and upon actual availability of funds,
the whole scale of the research could change upward or downward by a
large factor. The figures enclosed represent the estimates that our
physicists have made for a reasonable program of research in terms
of the present scope of our facility and on the assumption that the procedures
and techniques will be similar to those in use at other similar laboratories
NOW.

Mr. Ramsey has not yet seen these numbers, but I am forwarding
them to him now for his review. I would like to reserve the right to
change them if he should feel that this should be done. More information
will be available when we reexamine the magnitude and details of the
experimental plans next spring. I understand, however, that you need
this preliminary information for the upcoming HEPAP meetings.

The $20, 000, 000 item that we included for the large bubble chamber
in FY 1971 has been postponed. We still intend to submit a proposal for
such a chamber in the future. In the meantime, you will notice that we
now intend to build a smaller chamber out of equipment funds so that the
initial series of neutrino experiments can begin soon after the accelerator
begins operating. We are also as suming that in the somewhat longer
range future, an amount of about $10, 000, 000 will be required annually



Dr. Paul W. McDaniel November 26, 1969

for some combination of Accelerator Improvements and General Plant
Projects. We do not feel that a prediction for authorization for storage
rings should be made at this time although we may wish to include such
a request before FY 1976 in future assumptions.

Si-~rere Tours,
2
J;

/,i. A,
On

Enclosures - 3

cc: N, F. Ramsey
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PROJECTED OPERATING PROGRAM

Fiscal Year 1972 through 1976

The Accelerator Facility is assumed to begin operating in FY 73 with
21 shift per week operation scheduled for FY 74 and 75. The major
areas of activity are listed below,

Accelerator Operation

This activity includes the operation of the 200 BeV Accelerator,
Linac operation and the training of the operations group begins
in FY 71. Booster operation begins early in FY 72, and 200 BeV
operation late in FY 72.

Fiscal Year

1972 Zu
1973 SU
1974 40
1975 40
1076 40

Na

180
180
180

4. Ee

10
43

Cost
(Thousands of Dollars)

2, 000
3, 000
4,000
4,000
4.000

*S - Scientific (includes direct-program engineers)
T - Technical

A - Administrative

Accelerator Development
This activity includes development and operational improvement of
the 200 BeV Accelerator. It will include control-computer software
development, beam-sensor development, ion-source development,
and experimental work on accelerator performance. It will also
include accelerator-theory work on improvement of performance,
storage rings, and new accelerator concepts. This work is now
going on and will continue.

t 3



Projected Operating Program
Fiscal Year 1972 through 1976 -J

Fiscal Year
M-n-Years

nA A

1972
1873
19774
1975
19706

10 0
30 65
50 110
50 110
50 110

10
2U)
50
50
5C

2 Experimental-Area Operations and Support

November 26, 1969

(Thousands of Dollars)
Cost

1, 000
3,000
3, 500
3, 500
3, 500

This activity covers the installation, operation, and maintenance
of beam transport, experimental equipment, and shielding.

Man Vo

Fiscal Year
1 A

1972
1973 40 2
1974 40 375
1975 40 330
1976 40 330 2X

Cost
(Thousands of Dollars)

1, 000
5, 500
9, 500
8, 500
8. 500

Experimental Area Enuipment Development

This activity includes rescarch and development on secondary-beam
transport and géneral purpose detection equipment for experimental
use at the 200 BeV Accelerator. This work began in FY 69
and will continue.

Fiscal Year

1972
1973
1974
1975
1976

oS
70 1095 ,
80 120 sv

110 165 +10
110 165 110
110 © 165 110

Cost
(Thousands of Dollars)

7, 000
8, 000

11, 000
11, 000
11. 000



Projected Operating Program
Fiscal Year 1972 through 1976 November 26, 1969

3

This activity covers the physics-research program of the resident
staff as well as the administrative and technical assistance needed
at NAL for the physics research of visiting users. In FY 71 and 72
the NAL research program will consist of physics experiments at
other laboratories.

Fiscal Year

1972
1973
1974
1975
1976

TT mom spl

53 J
90 , 0

120 180 J
125 250 125
125 250 = 125

Cost
(Thousands of Dollars)

5, 500
8, 500

12, 000
14, 000
14, 000
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ESTIMATED OBLIGATIONS FOR EQUIPMENT

Fiscal Year 1971 through 1976
(Millions of Dollars)

1971 1972 1973
Beam Transport 4,0 4.0

IL. Spectrometer Magnets 4.0

III. Shielding

Experimental EquipmentIV.

V.

VI. Computers
Large
Medium
Small

Film Analysis 3 1.0 I

5.0
1.5

8.0

0D

VII.

VIII. R.F. Beam

Neutrino Beam -y-
h

 4)

IX, Hybrid Spectrometer 2.0 SU 5 0

xX. Bubble Chamber 3.0 Ps  0

Total rt

—

Accumulated Total 25 Ji 7a

1974
2

hoo 0

J)

7.0

1.V

30

g5

1975 1976

4 3.0

2.5 2,0

1.5 1.5

1.5 1.5

1.0

1

[0 10

105 115

; Sy
1 Ly)



Estimated Obligations
for Equipment November 26, 1969

Beam Transport Magnets

Each $2M spent on beam transport magnets will buy approximately
30 dipoles, 15 quadrupoles, their power supplies and associated
equipment. The dipoles are 6" by 2" by 120" and use 184 K watts
each. The quadrupoles are 2" by 72" and use 52 Kw each.

II. Spectrometer Magnets

Approximately 20 spectrometer magnets are planned in a variety
of sizes. A possible magnet is one 72" wide by 36" high by 48"
long. It will cost $500, 000 and use 400 K watts.

III. Shielding

Standard concrete block and steel shielding will be needed.

lV. Experimental Equipment
The experimental equipment will require large amounts of fast
electronic equipment, scintillation counters, spark chambers,
spark chamber readout systems and Cerenkoy counters.

V. Film Analysis

The film analysis system consists of a number of measuring,
analyzing and scanning machines plus a $300, 000 computer to
be purchased in FY 1971, which is included in item V and not
in VI.

VI. Computers

The central computing facility is envisaged as 3 CDC 6600
systems at about $5M apiece. It might consist of 2 CDC 7600
systems at about $7. 5M apiece. Three SDS Sigma 7 systems
at $1M apiece are included. Only one small computer, an
SDS Sigma 2 at $0. 2M, is indicated since it is expected to buy
it in FY 1970.

4 3



o~ Estimated Obligations
for Equipment

JIT. Neutrine Beam

November 26, 1969

The principal expense presently understood is $3M for a large
superconducting magnet to sweep secondary muons out of the
beam.

VIII. Superconducting R.F. Beam

This beam requires about 20 dipole and 25 quadrupole magnets of
a conventional type for about $2M plus suverconducting R, F,
cavities of a sort not yet in existence for about another $2M.

IX. Hybrid Spectrometer

This is an example of a possible large system and includes 2
large superconducting magrets at $2, 5M apiece, a 30" H,
bubble chamber, at 30" streamer chamber and a superconducting
magnet for these chambers.

%

X. Bubble Chambers

The initial bubble chamber is envisioned to be one containing
approximately 25, 000 liters of liquid hydrogen or deuterium,

The obligations for FY 1975 and FY 1276 are projected equipment costs for
additional tarcet stations not vet authorized.

Nearly 40% for contingency and escalation have been added to the costs in
the table. The costs in the notes do not include this 409%,
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ESTIMATED COMMITMENTS

Fiscal Year 1372 through 1976

Fiscal Year

1972

1973

1974

1975

1976

Amount (in thousands)

&amp; 2 000

3.000

5, 000

20, 000

10, 000

10, 000

tem
Accelerator Improvements
and General Plant Projects

Accelerator Improvements
and General Plant Projects

Accelerator Improvements
and General Plant Projects

Twenty-Five Foot Bubble
Chamber

Accelerator Improvements
and General Plant Projects

Accelerator Improvements
and General Plant Projects

i v1



STANFORD UNIVERSITY

myroRe LiNEAR ACCELERATOR CENTER
Mail Address

SLAC, P. O. Box 4349
Stanford, California 94305

December 1, 1969

Dr. Paul W. McDaniel
Director, Division of Research
U. S. Atomic Energy Commission
Washington, D. C. 20545

Dear Paul:

Thank you for your letter of October 30, 1969, which invites
us to submit a preliminary 5-year long-range projection. We are
particularly pleased to participate in this phase of the planning
in order to give HEPAP the opportunity to review our projections.

There are four aspects of the program included in the
projection to which I would like to call your attention:

1. The informal planning guidance provided to us relative
to the preparation of the President's Budget for FY1971 suggests that
the total effort of the laboratory will be less than was accomplished
in FY1969 or FY1970. While we understand the severe pressures upon
the totality of federal resources, the lack of growth is disappointing
in view of stated long-range objectives of the Joint Committee on
Atomic Energy to more fully exploit the unique opportunities available
at SLAC. Growth toward fuller utilization of the SLAC facility,
however. is included beginning in FY1972.

2. We have identified for FY1070 initiation the fabrication
and installation of a eingle ring colliding beam device to be located
in the northern part of End Station A, This very desirable extension
of the SLAC experimental program has been identified by HEPAP as having
extremely high priority. We estimate’ that a total of $3.2 million in
equipment funds would be required for this projection in the FY1970-71
period. Considering the overriding importance which we attach to this
project SLAC wauld be willing to absorb a substantial part of this
additional cost. Nevertheless, in order for us to contemplate the
installation of this device a very substantial fraction of this amount
would have to be added to SLAC's normal funding levels during these
FY1970-71 periods.

4



Dr. Paul W. McDaniel /) Dec. 1, 1969

3. The permanent computer building has been identified as
an FY1972 line item construction project. As you will recall, the
trustees of Stanford University permitted the use of temporary
structures during the construction phase of the project with the
stipulation that they be removed or replaced at the earliest possible
date. We first proposed a permanent computer building for FY1968
authorization. In accordance with the stipulation of the trustees we
assign the highest priority to this project of any line item construc-
tion project included in our projection.

4. Several references are made in the attached projection to
the superconducting accelerator conversion. As we mentioned to you
previously a feasibility study on this projection has been carried out
for some time which includes several design alternatives. I am in-
cluding a copy of this feasibility study as it now stands including the
documentation relating to budgets. The study is being continued and
supplementary material will be issued when available to the loose~leaf
format of the attached document. As stated in the introduction to the
study, this document is in no way to be considered as a proposal but
is submittedatthistime in the framework of our long-range projections
only.

Again let me thank you for inviting our . participation in this
new mechanism of the Commission's long-range planning.

With best personal regards,

rr
—

~~
W. K. H, Panofsky
Director

Attachments:
1. Long-Range Plan
2. Feasibility Study for a Two-Mile Superconducting Accelerator

cc: Mr. Howard Hooper, PAAO

Dr. William A. Wallenmeyer i
-»



STANFORD LINEAR ACCELERATOR CENTER
..

~~.

PROGRAM GOALS AND OBJECTIVES

PHYSICAL RESEARCH PROGRAM
FY1971 THROUGH FY1976

Goals:

Obiectives:

The Stanford Linear Accelerator Center is a national facility where experiments in
high energy physics may be performedbyqualifiedscientists from all laboratories.
The goal of the Center 1s to conduct an effective research program in elementary
particle physics.

During the filve year period covered by this projection SLAC hopes to reverse the present
rend and achieve a significant growth in its experimental, theoretical and applied
physics research programs.

lL. It 1s proposed to increase operating shifts of the accelerator from the FY1970-
7v1971 level of 560 to 685 in FYL1972, 845 in FY1973 and 936 thereafter.

l

J.

production of bubble chamber photographs is proposed to increase to a level of
about twelve million by FY1974. This level of production would be consistent wlth any
effort to concentrate bubble chamber photograph taking at SLAC and BNL.

A continuing program to exploit new and interesting aspects of particle physics
1s planned. This will include extensive use of spectrometer facilities for
alastic and inelastic electron scattering, electrodynamics and photoproduction.
The use of optical spark chambers and wire chambers will be extended and continue
to be highly productive through the pericd of this projection. A smdll rapid
cycling bubble chamber will be put into use in FY1971 as a visible target for
spark chamber counter combination. The development and use of special secondery
seams unique to SLAC will be furthered in this period. New specialized bubble
chamber: techniques will be developed such as triggered light operations, the use
of neon-hydrogen combinations and others.
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i Design and fabrication of a single ring colliding beam device was initiated in
FY1970. This device will become operational in mid-FY1972 at an energy range of up to
2 GeV, Following a year of experimental exploitation, an upgrading program is
proposed which will add a second ring to the device and increase the energy to about
3 GeV.

A large solid angle detector for the colliding beam device is identilied for
initiation in TY1974.

A large wire spark chamber system will be installed in the pion beam and be avail-
able in FY1973 for the investigation of a large multi-use program of meson spectroscopy
in the 8 to 16 GeV range.

Expansion of the data analysis capability is projected. Despite expansion of the
central computer, saturationisprojectedby FY1973, a follow-on computer is
-herefore included for FY1973 obligation and FY1974 delivery. The acquisition of
two PDP-10 class computers is projected. The first of these will serve as a buffer
setween on-line data acquisitionandthecentralcomputer. The second will serve
in conjunction with the large wire spark chamber system. Gradual improvement of
sonventional, automated and semi-automated data reduction equipment aimed at improving both
speed and reliability is projected.

[t is planned by FY1973 to equip the 40" bubble chamber with a 70 Kg cryogenic
magnet. This -onversion not only represents a large forward step in bubble chamber
sechnology, but for a relatively low investment permits an immediate improvement
in the accuracy and energy range of the chamber.

3

i

The energy of the SLAC accelerator will be increased to about 25 GeV by the end of
FY1973. This will be accomplished by replacing the present complement of vendor
supplied klystron tubes with a higher power (30 MW) tube as the existing tubes fail.

A concentrated effort in thé design feasibility of the superconducting conversion of the
SIAC linac is proposed with engincering and design funds requested for FY1972 ‘and
FY1973. Assuming the successful conclusion of the feasibility studies, construction
authorization for the superconducting conversion of SLAC is identified for FY1974.
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STANFORD LINEAR ACCELERATOR CENTER

BUDGET ASSUMPTIONS

OPERATING EXPENSES

PHYSICAL RESEARCH PROGRAM
FY1971 THEROUGH FY1976

Current Program Level
Special Items and Proposed Changes:

Increased Accelerator Shifts and Beam
Switchyard-Target Area Operation

Increased Bubble Chamber Photos
Colliding Beam Device Operation
Proposed Level of Superconducting Accel-

erator Development
Improved Support to Research Groups
Increase Data Analysis and Computer

Operation
Klystron Upgrading Program
Increased Plant Maintenance
Experimental Group H
ixperimental Group I

Subtotal Projected Program:

cscalation @ 5% per year
Subtotal Program with Escalation

Decrease Permitted by FY1974 Auth. of Super-
conducting Conv. of SLAC w/escalation

Grand Total

Dollars in Millions
Estimated So Long Range Projection

FY1971 FU TY1973 FY1974 rY1l975 FY1976

$24.7 $24.7 Sax.7 $24.7 . $24.7 $24.7

~

y 3.9
1.2
1.0

4.0
We
2.2

- a

ol

25.3

NA eB

25.3 30.0

Sneed

~ 9
— de

34.4

20.4- ww

5.0

58.5

7.0 9.1

41.9 45.5

L.9

$25.3 $30.0 $34.4 $37.8 $40.0 $42.1

3.4

—~

—
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STANFORD LINEAR ACCELERATOR CENTER

BUDGET ASSUMPTIONS

ASSUMPTIONS USED IN PREPARING COST PROJECTION FOR PROPOSED PROGRAM

Estimated Long Range Projection
FY1971 FY1972 FY1973 FY1974 FY1975 TY1976

bo

F.
-

Operations
a. Proposed Accelerator Shifts

per Year

Other Factors

a. Bubble Chamber Photos Taken
b. Manned Computer Shifts
2. Manned Computer Shifts

?ollow~on Computer

SLAC Experimental Groups and
PHD Rescarch Physicists

Number of SLAC Research
Groups
Number of Experimental Physicists
Number of Theoretical Physicists

a A A

2]
18

in
 1

«2M
21.D

12M
21

3 5 18

/ 3 8 9 9 S
530 53 55 58 60 62
~5 18 19 20 21 23



Schedule
Page

The FY1971 SLAC Budget Request was for $29.6 million and was consistent with our understanding of internal AEC
planning as reflected in the Five Year Plan. The requested level of support would have permitted fuller
exploitation of the accelerator and existing research equipment. The current projections are based upon
slanning guidance informally received relative to the preparation of the President's Budget. While the long
standing objective expressed by HEPAP and the JCAE of achieving full operation of the Center will be delayed
by the enormous pressure on federal resources, the projections include attaining full operation of the accel-
arator in FY1974. Cost estimates for accelerator operating costs are based upon the assumption that favorable
axperience with accelerator components like klystron and thyratron tubes will continue... The projections for
Target Area operation recognize only increased activity due to denser accelerator scheduling. It is assumed
that increased cost factors brought about by increasing beam paths and complexity can be accommodated by
reductions made possible by improved efficiencies resulting from the continuing improvement (AI) program;
for example, the present two control rooms will be computerized and unified, requiring manning of the DAB
{Data Assembly Building) only.

The program initiated in FY1969 to gradually increase the energy of the accelerator to about 25 GeV should
be complete by FY1973. Under this program the present complement of vendor supplied 20 MW tubes are replaced
oy 30 MW tubes as they fail.

The level of bubble chamber picture output is planned to be increased from the present level of about five
million to twelve million by FY1974. Approximately nine million of the photographs would be made available
=o outside users of SLAC for analysis at their home institutions.

It is planned to begin the fabrication and installation of a single ring colliding beam device in FY1970.
This device will come into operation midway through FY1572. Tollowing experimental exploitation of the device
Zor about one year, an improvement program is proposed. This program will add a second ring and increase the
naximum energy of the device. In parallel with the upgrading program, a large solid angle detector will be
installed and placed in service in FY1974. The research program carried out with the device will be accom-
blished by a combination of outside user participation and diversion of SLAC research interest. The operation
&gt;f the device, however, is identified starting with modest support in FY1972 increasing to a $2.2 million
level in FYL976 when the improved device, as well as the detector, become operational,

Commensurate with the proposed increase in accelerator operation and bubble chamber picture production, some
improvement in the level of support for SLAC research groups is planned. This includes improvement not only
for the experimental groups but allows provision for the applied physics groups to pursue more vigorously
such fields as high field cryogenic magnets and bubble chamber developments. The estimates for the support
of the SLAC experimental groups is consistent with SLAC Scientific Policy Committee guideline of about 50%
atilization of the accelerator beam by SLAC experimentors.

a



Sil aLposcf

[t is planned in FY1972 to restore the level of data analysis to FY1969 levels. Thereafter, some modest .
improvement in data analysis, particularly system programming support, and full operation of large computer
is planned. The significant increase in projected cost in FY1975 is associated with maintenance service
or the follow-on computer system.

An allowance is made to increase plant maintenance in recognition of decreased effort in this area experienced
in FY1970 and FY1971 and in recognition of the gradual aging of the laboratory facilities.

An increase in the number of SLAC experimental groups is proposed with one group each planned for FY1972 and
FY1974.



STANFORD LINEAR ACCELERATOR CENTER

BUDGET ASSUMPTIONS

CAPITAL EQUIPMENT NOT RELATED TO CONSTRUCTION

PHYSICAL RESEARCH PROGRAM
FY1971 THROUGH FY1976

Large Computer Additions
follow-on Computer
follow-on Computer Additions
&gt;DP-10Class Computers (2)

Subtotal Computer

Colliding Beam Program
All Other High Energy Physics

Subtotal Non-Computex

Escalation @ 5%/vear

Subtotal Escalated Non~Computer

Total Capital Equipment

Estimated
FY1971

orwmf

A
 1 —

yz: oo"
————————

$

Fr.

“y——

"-1Tayg in Millions

Project:
— TTY

a— li

do

—

s

6
.

2

A  erm ——

FY1976

5 5

0

7 . 5

1

1
J.2

2.4

2.4

—_—

0 6
3.0

$ 7.2 $ ©.5

During the period of this projection it is planned to purchase $.5 million in additions for the IBM 360/91
system annually. Despite the planned level of system expansion, it is projected that the system will be saturatec
by FY1973 and for that reason a follow-on computer system is included for FY1973 obligation and FY1974 delivery.
Additions are planned for the follow-on systems at a level of $.5 million for FY1975 and $1.0 million for
Y1976.
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A more immediate increase in the computational facilities at SLAC will be effected with the acquisitions
of PDP-10 class computers {in FY1972 and FY1974. The first of these will be a data acquisition computer,
interfacing with the 360/91 system. The second one will be utilized in conjunction with a large wire
spark chamber.

It is planned to install a colliding beam device in the areca north of End Station A. The initial instal-
lation will be a single ring configuration capable of up to 2 GeV per beam. In order to undertake this
program, the laboratory plans on $1.4 million being added to the normal cquipment level for FY1970 and
FY1971. The estimated cost of the device is $5.3 million with completion planned for mid-FY1972. After
about one year of experimental exploitation it is planned to begin an improvement program. This program
#i1ll extend over 2% years (FY1973 - $1.0 million, FY1974 - $1.8 million, FY1975 - $1.4 million) and will
orogressively add a second ring to the device and increase rf power such that beams of 3 GeV can be
accepted.

A large solid angle magnetic detector, perhaps using superconducting techniques,isproposedfor the
colliding beam device. The estimated cost of this detector is $2.5 million; $1.8 million is included
in the FY1974 projection and $.7 million in the FY1975 projection.

Continued addition to elements of beam transport systems, targets and shielding will be nceded as addi-
tional beam paths are developed and higher energies are achieved with the accelerator. Allowances of
$.3 million in FY1972, $.4 million in FY1973, $.5 millica in FY1974 and FY1975 and $.6 million FY1976
are included in the projection. Consistent with the advice of the SLAC Scientific Policy Committee to
increase the level of beam transport elements to levels wore comparable with other major laboratories,
$.5 million is added to the base projection for both IFY1972 and FY1973 for this purpose.

The conversion of the SLAC 40" bubble chamber to a cryogenic coil of about 70 Kg is planned to begin
late in FY1971, $.1 million, and to extend through FY1972, $1.5 million, and FY1972, $.5 million. This
conversion will enable the SLAC chamber to increase its energy acceptance from 6 to 10 GeV to the higher
energies possible at SLAC and to provide very hich accuracy for the study of particle resonances.

It has been concluded that use of a large spark chamber system in SLAC's pion beam will provide a superior
facility for strong interaction physics. Such a facility will be developed in cooperation with other
aniversities and will be operated as a facility available for general scheduling under advice of the
Program Advisory Committee. This system will be installed in the central beam in conjunction with the
wire spark chamber magnet which is presently in design and will be used for the precise quantitative
investigations in broad areas of meson spectroscopyinthe8 to 16 GeV range. Cost estimates for the components
of the spark chamber system are about $.8 million. It is planned to commit $.2 million in FY1971 and the
balance in FY1972.
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A large aperture, large angular acceptance threshold Cerenkov counter has been proposed for comple-
mentary use with the large spark chamber system. This device will permit the separation of pions
“rom kaons at SLAC energies. The projection for FY1973 includes S.6 million for this detector.

Improvement to the complement of major experimental devices is projected with $.2 million in FY1972
and $.3 million thereafter. Examples of the improvements contemplated include increased instrument-
ation and experimental capability of the spectrometers, revised pole tips on one or more of the
research magnets and the installation of a cryogenic coil on the 82" bubble chamber. An allowance
sf §.7 million and $1.0 million is provided for the latter purpose in FY1974 and FY1975 respectively.

2

Provision is included in the projections for equipment associated with the general SLAC experimental
and applied physics programs. Also included is an estimate for indirect costs associated with the
labor required for the fabrication of equipment items.



STANFORD LINEAR ACCELERATOR CENTER

BUDGET ASSUMPTIONS

CONSTRUCTION PROJECTS

PIIYSICAL RESEARCH PROCRAM
FY1971 THROUGI FY1976

Project

ro Accelerator Improvements
2. General Plant Projects
3. Computer Building
4. Superconducting Accel. Design

and Engineering
Superconducting Accel. Conv.
Large Track Chamber
Engineering and Support Building
100 GeV Spectrometer

FY1971
:

S L..

ww ow — -

1
———

vy

J

L2 -

 -—

Dollars in Millions
 Tn TY1974 - FY1975 - TFY1976

S$ ..3 $ 1.5 51.7
.8 9 1.0

 J

62.9-84,9%
. ~

ue\J

3.4
15.0

$65.0-87.0 S$. 4
ana

——

$21.1

“Range of preliminary cost estimates stated in calendar 1969 dollars.

hb Accelerator Improvements: The projected levels of Accelerator Improvement funding during the period of
the projection are designed to provide resources for modifications to the accelerator-switchyard-target
area complex at SLAC, neccessary for the continued improvement of the Center's operating effectiveness and
efficiency. This will include both a reduction in lost beam time, through the upgrading of existing hard
ware, the expansion of existing systems, and an increase in the flexibility of experimental preparation,
set-up and execution. A significant portion of the annual AIP allotments will continue to be devoted to
the improvement of control systems and the ultimate consolidation of the control rooms into the Data
Assembly Building.
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jeneral Plant Projects: The investment in conventional facilities at SLAC is in excess of $47 million.
The projected levels of General Plant funding are necessary both to maintain adequately this investment
and to accommodate the continuous changes to the physical makeup of the site necessitated by. the evolving
SLAC Research Program.

The projection for FY1972 includes the provision of an on-site warchouse of approximately 15,000 gross
square feet. The building cost of the warehouse is about $120,000; the total cost is about $185,000.
The building will be designed so as to be expandable if future needs require it. It will, in the long
sun. be less expensive to acquire on-site warehouse space than to continue leasing such space off site.

- Computer Building: ‘At present both the SLAC Computer Facility and the related Automatic Data Reduction
Group are housed in temporary facilities. Although the Board of Trustees of Stanford University maintains
a stringent policy which precludes the erection of sub-standard or temporary buildings, the utilization of
these facilities was allowed during the construction phase of the project, with the understanding that
SLAC would replace these buildings with more permancnt accommodations at the earliest possible date.

In accordance with this stipulation SLAC first proposed a permanent computer building for FY1968 authori-
zation. The building which is now proposed for FY1972 authorization contains approximately 50,000 net
square feet. This building will accommodate both the present IBM 360/91 system and the follow-on system
which is identified elsewhere in these projects (Schedule C) for FY1974 delivery. The building will
also house the Automatic Data Analysis Group near the central computer, an operational necessity given
this eroup's development of devices which will measure expcerimental data on film automatically.

The scope of the building included in this projection is unchanged from that included in the FY1971 Budget
Request. The cost estimate, however, has been escalated 8% in recognition of the one year slip in schedule.

+

%
5

Superconducting Accelerator Design &amp; Engineering: After using the SLAC accelerator for a number of years with
energies up to 25 GeV, major change in the accelerator may be desired. Recent developments at Stanford
have indicated that a superconducting accelerator would combine the advantages of the SLAC accelerator
(beam quality and intensity) with the better duty cycle of other type machines. The energy (100 GeV)
would be five times the energy of the present SLAC accelerator.

It is felt that by FY1972 it will be possible on the basis of work done at Stanford, SLAC and other centers,
to initiate an extended two year construction planning and design study. It is anticipated that by FY1974
the actual conversion of the SLAC accelerator to superconducting operation will be feasible. Stated in
calendar 1969 dollars, the preliminary cost estimate, including contingencies, for the conversion is $62.9
million to $84.9 million depending upon which of four design alternatives proves to be technically feasible.
If one assumes escalation at 5% per year the estimate then becomes $77.3 to $104.6 million.
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Large Track Chamber: It is anticipated that SLAC will propose for FY1975 the construction of a large
-:rack chamber, probably a hydrogen bubble chamber of 4 meter diameter. Such a chamber would be a very
cood match to the 100 GeV accelerator, especially for unique experiments with very high energy polarized
shotons, as well as with more classical experiments in secondarv beams. pions. kaons, and anti-protons.

Engineering and Support Building: A building of approximately 75,000 square feet will be required to house
ohysicists and support personnel due to the projected increase in research activities. The building is
expected to contain laboratory space; it is identified for FY1976 authorization. While not well scoped
at this time, an estimate based upon recent experience and escalated 5% per year is included.

100 GeV Spectrometer: A high energy spectrometer is a necessity for continuing the elastic and inelastic
electron and muon scattering that has already been such a source of fundamental information at present
SLAC energies. It could also be used in two-body photoproduction at very high energies as well as in
coincidence with the already existing spectrometers.
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MANPOWER PROJECTIONS

L., MANYEARS
A. Operations:

Scientific
Other

Total

3 Equipment:
Scientific
Other

Total

 uN
" Construction:

Scientific
Jdther

Total

J. Indirect

%., Subtotal

F Reduction to Operating Program made
possible by FY1974 authorization of
Superconducting Accelerator

5. Total Manyears

(I. HEADCOUNT
A. Full Time
B. Temporary and Part-time

2. Total

*SLAC personnel only; figures exclude subcontract
and/or temporary personnel associated with the
Superconducting Accelerator Conversion.=k

FY1571 FY1972 FY1973 FY1974 FYL@75 FY1976

295 300 310 315 320 325
560 630 700 730 760 795

855 930 1,010 1,045 "1,080 1,120

25
20
“05

25
80

105

20
90

1:0

25
100

125

 20
100

120

10
—t0

50

10
20

30

- 55

395

450

395 205 “10 210 315 315

1.295 1,423 1.520 - 1,750 1,565 1,970

1,295 1,425 1,520

5

1,700

(100) (150;
"1,865 1,820

1,230
130

 5
35

- ‘ ng

«+0
rashes

1,655
155

1,690% 1,790% 1,8107

1,545
_ 145

1,640
150

———

1,360 1,540 1,035

™y
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Ames Laboratory USAEC
IOWA STATE UNIVERSITY

Ames, lowa 50010

November 20, 1969

Dr. Paul W. McDaniel
Director, Division of Research
U.S. Atomic Energy Commission
Washington, D.C. 20545

Dear Dr. McDaniel:

Transmitted herewith is a five-year long-range
projection (FY 1971-1976) for the High Energy
Physics Program as requested in your letter of
October 30. 1969.

You will notice that this projection reflects a
contemplated increase in the High Energy Physics
Program in preparation for a substantial partici-
pation in the National Accelerator Laboratory
facility. We have also included a list of papers
published and in preparation for the period
January, 1969, to November, 1969, as part of the
report.

Very truly yours,

Robert S. Hansen
Director

Enc.

cc: Chicago Operations Office w/enc.
Dr. D. J. Zaffarano w/o enc.
Dr. W. J. Kernan w/o enc.
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| MEMO NO. PAGEeer
NAME

W. J. Kernana
11-14-69

High Energy Physics:
Bubble Chamber Group. The program of experimental studies of mul ti-pion production

in meson-nucleon, nucleon-nucleon, and antinucleon-nucleon interactions js contin-

uing. The partial funding of a multiple-view POLLY system by the A.E.C. in FY 69

and additional funding with University money has allowed construction of this

system to begin. This construction:is proceeding on ——— Preliminary dis-

cussions with the University of Colorado and the University of Minnesota have been

held about our servicing some of their measuring needs on a contract basis. It

appears that such an arrangement may be worked out. To fully implement this ar-

rangement will require some additional personnel.

To make effective use of the capability of the POLLY system will require some

Ro expansion of the physics staff, Over the next three years we would plan on adding

one additional faculty member and three research associates to this group. Addi-

tional equipment needs of this group will be less than $50,000 per year except in

1972, when an expansion of our ASI 6050 computer will be necessary ($85,000) and in

1974 when a new computer system will be requested ($235,000).

Counter Group. A counter hodoscope experiment to study the charge zero meson

spectrum has been approved for running at the Argonne 2GS. The experiment will

detect neutron angles and time of flight near zero degrees laboratory production

angle and will determine the missing mass recoiling against the neutron with a

typical accuracy of +12 MeV. An experiment to determine the backward scattering

Cross section in T d interactions as a function of energy has been proposed to

LRL for possible running at the Bevatron. This experiment is in collaboration
wo Pe

: 3 with a group from St. Louis University.

Coen 4 0)- 7: 6 ed
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[NAME 1 J. Kernan

[Cate 11-14-69

This group needs additional postdoctoral associates and technicians. We

would plan to add two postdoctoral associates and two technicians over the néxt

three years. Additional graduate students will also be added.

A computer for use with scintillation counter arrays and/or wire spark

chambers is on order. Addi tional peripheral equipment (magnetic tape unit) at

a cost of $25,000 will be needed in FY 1971. Construction of spark chambers and

scintillation counter hodoscopes with interfacing to the counter is estimated to

cost $40,000 per experiment.

General Comments on Future Experimental Program. Both the bubble chamber and

counter groups expect to participate in the experimental program at the National

Accelerator Laboratory, using the 200-GeV accelerator, at the earliest possible

date. Part of the projected future personnel needs are associated with these

plans. For example, the counter group would like to devote one person at least

half time to trying to plan experiments for NAL and to dovelop Familiarity with

the planned experimental areas, schedules, and services at the installation.

The bubble chamber group, in addition to devoting some effort to the planning of

experiments, must also devote time to the necessary hardware and software changes

on the POLLY system to accommodate film from the bubble chambers that will be

operating at NAL. This is necessary not only, to service our own research program

but also for the programs with the University of Colorado and the University of

Minnesota if they are to be able both to use our measuring system and to do

experiments at NAL.

Theoretical Group. The theoretical group has been very active and productive

and has interacted extensively with the experimentalists. Their greatest need

113
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is for one additional staff member in phenomenology and some postdoctoral associ-

ates in the same area.

It.is hoped to add a total of three people in phenomenologically oriented

work over the next five years.

General Comments on the Experimental and Theoretical Programs. There has been

no budget growth in this area in three years. These years have corresponded to

a period when we hoped to become a well established competitive (with other ap-

propriate sized universities) center of research in high energy physics. We felt,

and still feel, that significant growth in this area is necessary to provide the

Physics Division of the Ames Laboratory with a balanced research — Con-

scious of the need to continue the momentum of this program we have made sacri-

fices in other areas to promote the necessary growth. Basically all of the growth

in University money available to the Physics Department has been absorbed in in-

creasing the effort in High Energy Physics. For example, the entire counter

group program was begun and has grown during this period of no additional AEC

money. This was accomplished despite rising costs in the other areas of high

energy physics research. We have reached the limit of our ability to support

this area of research at the expense of our other commitments. Either the funding

in this area must grow or a contraction of our effort in high energy physics must

begin. The size of all the groups in this area is so small that it is difficult

to see how they can effectively survive a contraction of effort.

L14
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Schedule B

Operating Expenses for High Energy Physics

under Program 05 for Fiscal Years 1971-1976

Budget Projections (in Thousands)

FY 1971 FY 1972 FY 1973 FY 1974 FY 1975 FY 1976

3600 $750 $500 $1000 $1100 $1150

Schedule C

Capital Equipment not related to construction

for High Energy Physics under Program 05 for FY 1971-76

Budget Projections (in Thousands)

FY 1971 FY 1972 FY 1973 FY 1974 FY 1975 ~~ Fy 1976

$125 5195 "5 $400 5200 - $125

»
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Appendix: Papers Published, Submitted for Publication, or IS Reports from

January 1969 to November 1969

Bubble Chamber Group:
 Lo : - = + 0 - = + + .-

I. "Investigation of the Final States KTTm7pand KT TT n Produced in K p

Interactions at 4.6 and 5.0 GeV/c," R. E. Juhala et al., accepted by the

Phys. Rev. (in press).

"p-p Annihilations to K and mTMesons at 2.7 GeV/c," L. S. Schroeder et al.,

Phys. Rev. (in press), Dec. 25 issue, 1969,

"Spin Analysis of pT Enhancements in the pT Final State Produced in pp

2.

)

Interactions at 22 GeV/c," J. |. Rhode et al., accepted by the Phys. Rev.

Hinterpretation of the pT and pr Mass Spectra in the Reaction

pp ~ ppm at 2.7 and 2.9 GeV/c," W. J. Kernan et al., accepted by the

Phys. Rev.

i

5 "Two and Three Pion Production Without Annihilation in Antiproton-Proton

Interactions at 2.4 and 2.9 GeV/c," R. A. Jespersen, W. J. Kernan, and

R. A. Leacock, submitted to the Phys. Rev. 11/6/69. (A preliminary paper on

this was presented at the Lund Conference but will not be listed here since

the final version has been submitted to the Phys. Rev.)

In addition two papers were submitted to (and presented at) the Lund Conference.

A '"Hyperon-Antihyperon Production in pp Interactions at 2.4 and 2.9 GeV/c,"

T. L. Schalk, L. S. Schroeder, and W. J. Kernan.

7. U"Antiproton-Proton Annihilations at 2.4 and 2.9 GeV/c." R. P. Radlinski and

W. J. Kernan.

16
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APPENDIX (continued)

Counter Group:

1. "rp Elastic Scattering at 2.51, 2.76, and 3.01 GeV/c near t ~ -3 (Gev/c) 2,

M. Feilinger et al., Phys. Rev. Letters 23, 600 (1969).
? "Elastic Scattering of Negative Pions from Deuterium at 2,01, 3.77, and

5.53 GeV/c," M. Fellinger et al., Phys. Rev. Letters 22, 1265 (1969).

Theory Group:

'$

I. "Uniform Treatment of Pion Electro- and Photo-Production in Regge Theory,

K. E. Lassila and T. Ebata, Phys. Rev. 183, 1425 (1969).

""Pomeranchuk Pole Exchange Contribution to Forward Photon Processes,'!

T. Ebata and K. E. Lassila, Nuovo Cimento Letters 2, 284 (1969).

'"K-Parity for Systems with SU(3) and Charge Conjugation Summetry,"
A. C. Dotson and R. H. Good, Nuovo Cimento 61A, 706 (1969).

"Gauge Invariance and Regge-Pole Theory in Compton Scattering, T. Ebata

and K. E. Lassila, Phys. Rev., accepted for publication.

'"W-Particle Decay in the Lee Model," C. L. Hammer and T. A. Weber, J. Math.

Phys. (in press), Nov. 1969.

6. '""Covariantly Defined Matrices." T. J. Nelson and R. H. Good, accepted by J.

Math. Phys.

/. "On production Dependence of the A, (1300) Mass Distribution,! T. P. Coleman,
R. C. Stafford, and K. E. Lassila, submitted to Phys. Rev. Letters.

"Pion-Deuleron Elastic Scattering and Bakamjian-Thomas Transformation Theory,
D. E. Johnson and R. A. Leacock, submitted to Nuovo Cimento, Nov. 1969,

-

8.

qg. "A Method of Quantization for Relativistic Fields," C. L. Hammer and R. H.

Tucker, submitted to J. Math. Phvs.
7
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Appendix (continued)

In addition three papers were published in special proceedings or as |S Reports:

10. 'Mass Structure of the A, Meson,' P. V. Ruuskanen and K. E. Lassila, Pro-

ceedings of the 1968 Finnish Summer School in Theoretical Physics, Liperi,

Finland (Gordon and Breach, Inc., 1969),

 1 1. "Two Particle Quantum Electrodynamics," C. L. Hammer and D.

IS Report 2085, May 1969.

S. Moroi,

12. "Wave Packet Solutions of the Time Dependent Schroedinger Equation,"

T. A. Weber and C. L. Hammer, IS Report 1795, October 1969.

J
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DEPARTMENT OF PHYSICS
REVELLE COLLEGE

POST OFFICE BOX 109

LA JOLLA, CALIFORNIA 92037

2 December 1969

Dr. Paul W. McDaniel, Director
Division of Research
United States Atomic Energy Commission
Washington, D. C. 20545

Dear Dr. McDaniel:

Enclosed is the five-year long-range projection for Contract No. AT (11-1)
GEN 10, PA 10, Task C, that was requested in your letter of October 30,
1969.

We are sorry for the delay in sending this information and sincerely hope
that it will not prove to be an inconvenience to you.

Sincerely yours,

Coens Te
George E. Masek
ProfessorofPhysics
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GEM:mb
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G. Masek

FIVE-YEAR BUDGET FORECAST

Contract No. AT(11-1) GEN 10, PA 10, Task C

Fiscal
Year

1971

1972

1973

1974

1975

Direct
Salaries

144

164

Materials
and

Supplies
184

175

Travel

5

Li

 a \J

Indirect
Expense Total

430

y 450

500

525

325

J
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BASIS OF FIVE-YEAR PROJECTION

We base our projections for the lst year (Fiscal '70) on a program that is
partially established (Cosmic Ray Muon Experiment) and upon experiments
which are in advance stages of planning and are expected to be running
during Fiscal '71.(Sigma Leptonic and Heavy Lepton Experiments). The
Fiscal '71 is outlined in some detail in the following table. Subsequent
years are based not on specific projects, but upon our experience as to the
general level needed to cary on an effective program in high energy physics.
The increases in these subsequent years are based on: (a) A general 77% per
year increase in salaries and doing experiments. (b) The addition of one
more post-doctoral appointment and one more academic appointment and
appropriate increases in non-professional staff. (c) The expectation that
we will be participating more and more in programs at SLAC and NAL, where it
is anticipated that the costs of experiments will be greater (see enclosure
on NAL estimates - last page).

/



Activity

Zenith Angle Dependence
of Cosmic Ray Muons.

Sigma Leptonic Decays and
Associated Experiments.

deavy Lepton Experiment

Miscellaneous Instrumentation’
Research and Equipment.

Location
of

Experiment

TCSD

LRL
Bevatron

SLAC

Start
Date

Sept. '68

July '7C

Dec. '70

Data
Analysis

Completion
Date

Sent. '70

Sept. '71

Sept '71

Task C -= Masek
Page 3

Costs for Fiscal 1971
(exclusive of salaries) in thousands.

hare.

Amm.

Instrumentation | Operation | Travel | Analysis Total

0 JG

Xe -
S 11C

m

- od J 60

+0

Total 209
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As can be seen, ‘we expect to have completed the analysis on our wm, K 5 charge
asymmetry, and velocity of light experiments by Fiscal '71 and, therefore, they
have not been included. We expect to continue running on the cosmic ray telescope
through all of Fiscal '71 and probably into Fiscal '72. The budget restrictions
imposed for this year (Fiscal '70) have caused us to postpone the start of any
new experiments until late in Fiscal '70 or early Fiscal '71 -- thus the Sigma
experiment now appears as the major item in Fiscal '71. We are also carrying
out tests on the feasibility of looking for heavy leptons at SLAC and so have
included this near the end of Fiscal '71. The salaries are based on our
present level with the following additions:

1 - Assistant Research Physicist 1 one-half year $ 6,000

1 - Senior Electronics Technician full time
or engineer (electronics)

2 - Research Assistant 1

2 - Laboratory Helper 8,616
$30,776

3
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SUMMARY OF PLANS FOR FY 71 AND BEYOND

6/70 6/71 6/72 6/73
NAL lturn on

Aree

George 1, Mo

“xperimental Plans:

Staff for proposal.

Proposal preparation and initial
design for instrumentation.

Instrumentation and soft ware.

Experiment.

7
 test ' yun.

FY 71 | FY 72 py 73
| : Cd 3 *

i Cost || i |cost™™ # | Cost i
Totals | 3 Year1-

Cost

Manpower:
Physicist [one during proposal preparation and

one before run].
14.0 14.0 28

Engineer [one electronic for computer interface
and one mechanical]. =

Technicians including Lab assistants,

Students.

16.0 16.0 32.0

10.0

12.0
52.0

20.0

12.0
62.0

20.0

6.0
26.0

50.0
30.0

140.0| 2

[nstrumentation:

Data system expansion (Not including computer)
Detector (for heavy leptons) | |

~- forward angle 50-Bev muon spectrometer (with
wire chambers).

rarget spark chamber (assume target built
pv NAL).

counter system,

10.0 15.0 25.0

3.0 50.0 55.0

10.0 10.0

10.0 10.0
85.0 | 10.0
5.0 50.0

152.0 | | 86.0 |
over our present level and directed towards

20.0

| 110.0
55.0

305.0

15.0
On-site Expenses and Travel:

]  Te7.0 |
These are taken to be excess costs

experiment at NAL.
.udes overhead and benefit.
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DEPARTMENT OF PHYSICS
REVELLE COLLEGE

POST OFFICE BOX 109

L.A JOLLA, CALIFORNIA 92037

December 2, 1969

Director Paul W. McDaniel
Division of Research
Atomic Energy Commission
Washington, D. C. 20545

Dear Dr. McDaniel:

I hope this enclosed tenative five-year plan still arrives in time
for the HEPAP meeting.

To be noticed that it includes plans for the National Accelerator
Laboratory. However, it is difficult to foresee at this moment what
part of the experimental expenses will actually be assumed by NAL. In
the worst case, our expenses might possibly be quite a bit higher than
those indicated here if we are to be allowed to work at Batavia. As
an average. this is my best estimate.

I understand from your letter that the details that led me to this
figures should not be submitted as they are subject to change more than
the totals themselves.

I hope this report will be of some use.

Sincerely yours,

(wei 4
{ *

ce Qhyg
Oreste Piccioni

OP: mt

Fnel, 1

. JL =



AEC AT(11-1) GEN 10 PROJECT 10
| TASK A

PROJECTION OF MANPOWER AND EXPENSE
for the Fiscal Years 1971 to 1976

3 1972 197% 197k 1975 1976
MANPOWER

Post Doctorals —Ns

Graduate Students

Engineers

Technicians

Laboratory Assistants

Scanners

Secretary

-
-

/

yoial Manpover (Man-years) 32
EXPENSE (in thousands)

Salaries 246.8 287.8 348.4 365.8 383.8 402.9

Indirect Costs 137.2 160.2 189.1 198.4 208.1 218.5
Travel &amp; Shipping 60.0 70.0 80.0 © 85.0 90.0 90.0

250.0% _ 210.0 230.0 50.0 275.0

614.0~~ 768.0 827.5 879.2 931.9 986.4Total Expen se

"This figure may be underestimated. It reflects the
expectation of preparing experiments for NAL. It is
not known the extent to which NAL will cooverate
financially.
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CALIFORNIA INSTITUTE OF TECHNOLOGY
CHARLES C. LAURITSEN LABORATORY OF HIGH ENERGY PHYSICS

PASADENA, CALIFORNIA 91109

December 2, 1969

Dr. Paul W. McDaniel, Director
Division of Research
U.S. Atomic Energy Commission
Washington, D.C. 20545

Dear Paul:

. This letter is in reply to your request for an informal submission
of five-year long-range projections for the High Energy Physics Program
at Caltech. These projections are similar to those Presented last year,
although they are slightly higher in FY 1973 and beyond because of
anticipated increased costs of performing experiments at the 200-BeV
accelerator. The projections are:

FY 1971 $1,500,000
FY 1972 1,600,000
FY 1973 1.800.000

These cost projections are
regarding our research program:

FY 1974 $1,950,000
FY 1975 2,100,000
FY 1976 2,250,000

based on the following assumptions

(1) The theoretical program is expected to continue growing during this
period. The theory group is very active and productive and has been
stimulated by the move to adequate facilities in our new building. We
intend to maintain our strength in this area in which we have been
outstanding.
(2) The user group activities involving counter and spark chamber
techniques will continue at a high level. We anticipate that this group
will participate actively in the experimental program at NAL and that
this will require a modest increase in funds after FY 1972.

(3) The development of our user group activities in the ares of data
enalysis, which has begun during the time that the synchrotron program
is being terminated, will continue during FY 1971 and FY 1972. This data
analysis program is well-started but it has been held back by lack of
funds until the final shut-down of the synchrotron.

Aith best regards,

RIN: je
ce: W. A. Wallenmeyer

San Francisco Operations Office
R. ¥. Bacher

Sincerely yours,

Robert IL. Walker

=
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Columbia University in the City of New York | New York, N.Y. 10027
DEPARTMENT OF PHYSICS 538 West 120th Street

November |9, 1969

Dr. Paul W, McDaniel, Director
Division of Research
U. S. Atomic Energy Commission
Washington, D, C, 20545

Dear Dr, McDaniel:

The budget forecast for the years 1971-1976 in theoretical physics research
is as follows:

FY 1971 FY 1972 FY 1973 FY 1974 FY 1975 FY 1976

293, 000 346,000 424,000 487,000 559, 000 600, 000

The considerable rise in the amounts requested, increasing progressively until FY 1975,
is dictated by Columbia University's plan fo add three new senior faculty members to
our permanent staff by that time, With the enlarged senior staff we will have need of
more research associctes, Due to budget limitations we have been forced, in the last
couple of years, to cut the number of research associates from six to three. By FY 1975
we hope the number will rise to eight. The number of graduate students in theoretical
physics will also increase. This year, in order to meet the stringencies of our budget,
we have (with difficulty) succeeded in having all but one of our graduate students sup-
ported by University Fellowships during the academic year, However we have saturated
the possibilities of University support, and additional graduate students will require con-
tract support, as has been our custom in the past. We estimate that we will have six
more graduate students, Finally, there is an item for two visiting scientists. In the past
we have found extended visits by distinguished theoretical physicists very rewarding and
indeed sometimes essential to our research program, and we hope to be able to afford
such visits in the future.

Our figures represent the cost of this larger staff, plus a "cost of living" rise,
and an allowance for a proportional increase in other services.

Sincerely,

{

Robert Serber
Principal Investigator
AT (30-1)-1932, Task.2

RS-i¢

cc New York Operations Office
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Columbia University
DEPARTMENT OF PHYSICS NEVIS LABORATORIES

P.O. Box 137

Irvington,N.Y.10533
S14 LY 1-8100

November 26, 1969
Nevis 9413

Dr. Paul W. McDaniel, Director
Division of Research
U.S. Atomic Energy Commission
Washington, D.C. 20545

Dear Dr. McDaniel:
Re: AT(30~1)1932 Task I

Here are our projections for FY 1971-1976 for the
experimental physics part of the high energy research
program at Columbia.

High Energy Experimental Physics Program (in thousands
of dollars) (Note: Theoretical Physics costs for
AT(30-1)1232 Task II are not included).

FY Research*

1971 1850

Special Additional Costs

21 Intersection Storage Ring Study
3 of Dileptons**

100}1979 2035

1973 2240

1974 2460

1975 2710

py Spectrometer System at NAL***

500 Upgrading of instrumentation for
NAL full scope activities (transi-
tion to 400 GeV, full intensity,
etc.)

1976 2980

x A yearly increase of 10% is assumed for inflation,
complexity factor, and minimal growth.
Expected as Task III of AT(30-1)1932.
Amounts for equipment to be used at NAL could be re-
duced to the extent that NAL funds might be available
for this purpose.

* %

% k %



NEVIS LABORATORIES

2

November 26, 1969

In addition to the above we expect for FY 1971-1972
a line item construction project of $1,900,000 for the
new research building requested in several previous budget
proposals.

Sincerely,
 om

TA»a

. Ty
5 Tome,

Marcel Bardon
Deputy Director

MB :b
cc: Mr. George Macpherson

New York Operations Office



HARVARD UNIVERSITY

DEPARTMENT OF PHYSICS CYCLOTRON LABORATORY
CAMBRIDGE 38, MASSACHUSETTS

November 28, 1969

Dr. Paul McDaniel
Director of Research
Atomic Energy Commission
Washington, D.C. 205.45

Dear Paul.

This is a reply to vour letter of October 30, 1969
requesting a five-year forecast for funding under the
contract of Harvard University with the Atomic Energy
Cormission for resesrch in high energy physics. Although
you asked for this informal projection in the same format
we send the information to the lew York Operations Office
ve have in fact, in the past only sent them the figures
and not words. TI understand that for the use to which
you wish to put the vrojection, the words are more impor-
tant than the figures and accordirnely, I will oresent
them to vey

ar Some of this was communicated to you bv Professor
Pipkin -- at that time Chairman of the High Fnergy Physics
Committee -- on July 19, 1969 in response to a request
for our plans for experiments at NAT,

In this five-year period, we expect some of the
methods of doing high energy physics to remain similar
and others to be changing. We are expecting to continue
and expand work in connection with. the Cambridee Electron
Accelerator. The three lines of work ip which we are engaged
are a large doincidence electroproduction program, a
production of vector tosons with tagred gamma ray beam,
and colliding beam experiments. In the first of these,
it should be noted that electroproduction experiments
whereby the scattered electron is cetected in coincidence
with outgoing particles are possible only at accelerators
with good duty cycle, such as synchrotrons, and are not
yet possible at the pulsed electron accelerators. They

03



are very difficult experiments and need a lot of running
time. However, we believe they will be very fruitful of
good physics results. We expect to te continuing with them
all through this period of time. The second of these,
the boson photoproduction with the taeczed gamma ray bean,
is just beginning and looks ag if it is a very fruitful
source of experimentation and is somethingwewishto
continue. Thirdly, we are preparing, in conjunction with
the CEA staff members, a detector for on line colliding
beam experiments. This is, of course, very exciting, and
we hope that these will begin some time in approximately
12 months. and will continue for an appreciable pericd of
time. It may be appropriate also for these on line colliding
beam experiments to be replaced by spark chamber experiments
of the optical tyre with or without a magnetic field. We
expect to be involved with these also, particularly in
the use of the automatic spark chamber measuring apparatus
SPASM. At the present moment, this research constitutes
a little more than 60% of our budget and the rate of
progress is limited by the limited finances. All of these
experiments are using wire spark chamber detectors now,
all of fairly similar design and in fact, in order to save
money, time, and effort, we have made some standardization
on the type of detector. We expect these will need increas-
ing amounts of computer time. as we will note below.

As to experiments done elsewhere, at other accelerators
we have been carrying out an extensive program at Prookhaven
National Laboratory on the alternating gradiant synchrotron.
We have been working on inelastic scattering of mu mesons
and expect to continue this in an experiment scheduled next
year simultaneous with an elastic scattering experiment
of mu mesons on protons. This will be done in collaboration
with physicists from Columbia, Rochester, and NAL. We
also have a proposal to measure the scattering of pi mesons
by electrons, an experiment which we think has great merit
and can successfully be accomplished. We expect to continue
this type of experiment and to push for extension into the
National Accelerator Laboratory. We are particularly
concerned with any experiments on electromasnetic physics
in which qur expertise will be of use. We have participated
in summer studies at NAL and expect to be presenting proposals
in collaboration for experiments for the mu beams and
electron and gamma ray beams. In addition, we are shortly
presenting to NAL a proposal that we, at Harvard, prepare
polarized target facilities. Since this last will be a
facility, we anticipate thev will be funded throush NAL
and are not included here.

[8 /



Ve expect in a few months the first of 10° bubble
chamber pictures on KP interactions which will be measured
during FY T1 and 72 using our computer measuring system
SPASM,

All of this work is severely pinched for lack of funds
and we accordingly will be recuesting an increase for next
vear cn this account alone.

We expect to have increased tenure faculty in the field
of high energy vhysics at Harvard by addins to our number
Dr. Carlo Rubbia, who is in my view, probably the best
high energy physicist in Europe at the vresent moment.
At the time of Professor Pipkin's letter of July 19, we
had not heard from Dr. Rubbia, so that his plans were not
included in that letter. He expects to ensace in research
in high energy physics using American accelerators. During
the fiscal year 1971, he expects to be doing an experiment
gither at the CEA or at the AGS, and will be bringing some
apparatus over from CERN for doing this. For the following
fiscal year (1972) he will be collecting tosether a group
‘rom Harvard to work on the intersecting sterace rings
(ISR) al CLEW on an experiment in collaboration with CERM
staff. This experiment has already been approved as one
of the first experiments to work. It is an experiment on
2lagtic p-p scattering. It will therefore te a joint
lervard-CERN collaboration and we will want some part of the
funding, particularly of the American personnel, with which
by this time Rubbia will be counted, to come cut of the
Harvard AEC contract. Following this, we exvdéct that Dr.
Rubbia will be working at other American accelerators and
his interest at the present moment looks towards spark
chamber experiments with neutrino beams at NAL. Dr. Rubbia
nas already shown himself to be a master in the usage of
spark chambers in high energy phvsics experiments : he
has performed a succession of magnificent experiments
using a Ko© beam at CERN and we anticipate that this mastery
of technology will be enviable also at his experiments at NAIL.

Thus for fiscal year 1971, we are requesting a modest
increase in our budget in order to take account of the
additional work that we expect Carlo Rubbia will be doing
while with us. Towards fiscal year 1972, the increase has
to be more substantial because by this time, not only will
Professor Rubbia be fully involved with us, but in addition,
we expect that large sums will be needed for our spending
on preparation for the experiments at NAL. These were

&lt;



already intimated to you in the letter from Professor
Pipkin in July.

For fiscal years 1971 to 1973, also, we anticipate
a large equipment expense for computer facilities. If
this expense is not begun by fiscal year 1971, we will
be overloaded in our existing facilities, which are approach-
ing saturation even now. This expense, we hope, will be
a part of a joint proposal involving other AEC users in
the Cambridge area, Chemistry from Harvard University and
users in Tufts University, Brandeis University, and possibly
some other government users. This is under discussion at
the present time, and we expect that it will be presented
before the end of 1969. What we put here is an estimate
of our share of this, or in case a joint proposal 1s not
possible, what would approximately be necessary for buying
a computer to perform these functions by itself. If it is
not possible, of course, to begin this in fiscal year 1971,
it will be even more necessary in the vear 1972.

It is probably in fiscal year 1973 that we will be
presenting to the AEC jointly with Tufts and Erandeis
Universities a proposal for expansion of computer measuring
of pictures. In a separate letter 1o Dr. Vallenmever I
have outlined our present commitments in this area. I am
estimating the whole expense of this at this moment here
for this budget. I will note here that already a spark
chamber experiment at Tufts University is being measured
on our measuring device SPASM, which was built on our AFC
contract, and we have made an informal arrangement with
Tufts and Brandeis Universities so that they will collaborate
with us in some of the software development or using the
SPASM bubble chamber film. At the moment we are doing all
the hardware and the funding and we assume that for the
bigger proposal, the funding will come from the Harvard
contract. The modified SPASM will be useful for both the
spark chamber and bubble chamber film.

It is always hard to put requests into the "reasonable
dollar amounts. Ten years aso we would te making large
requests with strong expectation of seeing then granted.
However todo large a request now seems unrealistic

Accordingly I present here a lower figure than we
feel could be justified and granted in a more favorable
fiscal climate. This is the minimun figure below which
the research nrocram must be emasculated. They are thus



lower than our projections last year.

Please note also a slightly slover rate of additional
spending for NAL than anticipated in the letter of July 19,
1969,

Yours sincerely,

Dick.
Richard Wilson
Chairman, Hiszh Energy

Physics Committee
Harvard University

RW:spc
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Harvard University

Department of Physics
Contract AT(30-1) 2752

Informal Cost Projection in Thousands of Dollars

November 28, 19€¢

Fiscal Year

Programs As Existing
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bxtrae For TAL
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UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN
DEPARTMENT OF PHYSICS

URBANA, ILLINOIS 61801

November 24, 1969

Dr. Paul W, McDaniel, Director
Division of Research
U. S. Atomic Energy Commission
Washington, D. C. 20545

Dear Dr. McDaniel:

Re: Contract AT(11-1)-1195

This is in response to your letter of October 30, 1969 to
Professors Robert D, Sard and 2A, Wattenberg requesting an informal
early submission of the long-range projections (FY1971-1976) for
the High Energy Physics Program,

Our projections have been modified by the reduced level of
the present FY-70 operating budget and our plans to modernize our
equipment as soon as possible. The amounts presented below are
preliminary statements of what would be involved in continuing
our program in experimental elementary particle physics at present
accelerators and preparing for experiments at NAL, The amounts do
not constitute any major perturbations or departures from continua-
tion of existing operating programs.

FY71
FY72
FY73
FY74
FY75
FY76

$1,950,000
2,000,000
2,250,000
2,400,000
2,500,000
2.550, 000

During FY-71 we hope to acquire a computer for operating the
DOLLY bubble chamber measuring and data analysis system, If we
do not acquire the computer prior to FY-72 then an additional
(approximately) $700,000 should be included during FV-72 under
equipment obligations.

It is our interpretation that construction projects funded
from the plant and capital equipment appropriation are not applicable.

Sincerely,
" ’- gi, fou

VN Lan STC
R. D. Kenworthv

RDK:js
cc: R, Sard

A. Wattenberg
Chicago Oneratrionae OFF]ce 4]



MASSACHUSETTS INSTITUTE OF TECHNOLOGY
LABORATORY For NUCLEAR SCIENCE

CAMBRIDGE. MASSACHUSETTS 02139

December 3, 1969

Dr. William A. Wallenmeyer
Assistant Director for High Energy

Physics Program
Division of Research
U. S. Atomic Energy Commission
Washington, D. C. 20545

Dear Dr. Wallenmeyer:

This letter is to confirm INS research cost estimates for FY71l
through FY76 that were telephoned to your office earlier this week in
response to Dr. McDaniel's request of October 30, 1969.

Our estimates for total Operations and Equipment costs, exclusive
of any allowance for equipment costs that might be incurred in connection
with NAL research performed by INS staff, is as follows:

FY7l Fyre  FY(3 FYT5 FY76
Operations 3,850 - 4,700 4,900 500 5,700

Equipment 1,203 670 1,090 1,200 610 600 (thousands )

(thousands)

The figures given reflect base personnel levels similar to those
that have been held to by the Laboratory during the past year. Estimated
materials, services and travel costs are those ve regard to be minimally
required for the effective continuation of existing and planned prograus,
including importantly, among others, the photoproduction and colliding
beam work at CEA by Drs. Deutsch, Frisch, Iuckey and Osborne. The operating
costs show also for FY72 and thereafter expenses for the program of
Professor Ting that will have until then been borne Jointly by MIT non-
government funds and by the DESY accelerator program. The higher-than-
average equipment expenditures for FYT71l, FY73 and FY7L, additionally,
are due mainly to our proposed plans for augmentation of our computer
facility (FY71), for a date analysis facility for CEA magnetic analyzer
experiments (FY73) and for a proposed new generation computer for PEFR(FY7h).

In respect to expected operations at NAL, we submitted in our letter
to you of July 31, 1969 our appraisal at that time of the potential dollar
impact of INS activity, without regard for the specific channel (i.e. LNS
or NAL or both) through which those funds might be administered. We regard
those estimates as highly tentative and, without question, as considerably
higher than would likely be expended directly by INS. We are at present

Ye



Dr. William Wallenmeyer December 3, 1969

making a serious effort to review this question and will submit our
estimate, hopefully before the end of December, along with our customary,
more detailed breakdown of the five-year forecast.

Sincerely yours,

 7)en DI
Peter T. Demos
Director

PTD/ jp
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THE UNIVERSITY OF MICHIGAN
ANN ARBOR

THE HARRISON M, RANDALL LABORATORY

OF PHYSICS

TEL. NO. 313-764-4437

November 17, 1969

Paul W. McDaniel, Director
Division of Research
U. S. Atomic Energy Commission
Washington, D. C. 20545

Dear Mr. McDaniel:

This letter 1s in response to your request for a five year
projection for the Theoretical High Energy Physics program at
the University of Michigan. The current program involves five
faculty members whose research is supported by the AEC at
just under $100K per year.

We plan to submit to the University, to the AEC High Energy
Division, and to other agencies, a proposal for FY71l for an
InstituteofTheoreticalPhysics which will bring together
theorists and applied mathematicians around the campus. High
Energy will form a substantial portion of this Institute. With
a new appointment and addition of the other high energy theor-
ists now on campus, the scientific manpower will rise to 10
in FY71. The budget proposal will be for about $200K per year.
The estimates for ensuing years are given in the table:

Y

71
72
(3
4
75

Scientific
Manpower
HE Theory

10
10
11

1)

Secretarial
&amp; Technical
Staff

AEC Support in
Thousands $

200
220
240
249
2040

We do not contemplate any requests for equipment or con-
struction.

Yours truly,

inpe ( «C~
Marc Ross
Professor
of Physics

D0 H. R. Crane
H. Houlk

i Ch



THE UNIVERSITY OF MICHIGAN
ANN ARBOR

THE HARRISON M. RANDALL LABORATORY

OF PHYSICS
TEL. NO. 313-764-4437

November 26, 1969

Dr. Paul W. McDaniel, Director
Division of Research
U. S. Atomic Energy Commission
Washington, D. C. 20545

Dear Dr. McDaniel:

This letter is in reply to a request you made for an
estimate of the ‘funding required by the Michigan
Bubble Chamber Group over the next five years. During
this period I estimate our annual operating costs
should rise from the present $3%0,000 to approximately
$405,000. The average annual operating costs over the
next five years should be about $380,000. In addition
I estimate total equipment purchases of about $300,000
for this five year period.

The following table shows how the increases in oper-
ating costs should be spent.



N Dr. Paul W. McDaniel, Director
November 26, 1969

FY69 Level
(Full-time Additions
Equivalent) Requested

Additional Cost
(Thousands of
Dollars)

Scanning and
Measuring Help

LD

Other Non-
Professional
Help

Professional
Help

Research
Associlates

Graduate
Students

2

9

14

Faculty

The equipment purchases will be for automatic measuring
equipment and additional computing facilities.

Yours truly,
Joe ’ :Dawe! oie. ala
Daniel Sinclair

~ 1

~, Cun,

DS/sdm
cc B. K. Leverette, Jr.

dn



THE UNIVERSITY OF MICHIGAN
ANN ARBOR

THE HARRISON M. RANDALL LABORATORY

OF PHYSICS

November 20, 1969

TEL. NO. 313-764-4437

Paul McDaniel, Director
Division of Research
Atomic Energy Commission
Washington, D. C. 40550

Dear Dr. McDaniel:

During the five year period from 1971-1976 the 200 GeV
accelerator will come into operation. To use this accelerator
properly we anticipate having around a 30% increase in staff
size mostly at the post-doctoral level. A comparable increase
in equipment complexity is expected. Thus including inflationary
effects we will need a 50% increase over our present operating
budget to utilize the 200 GeV accelerator efficiently.

At some time during this period it is very likely that
we will want to build a relatively large spectrometer system
which will require capital equipment money of about $250,000.
We have worked out some l1deas for such a spectrometer. What
is indefinite at present is what parts of such devices should
be built by N,A.L, as generally available facilities and what
parts should be supplied by users. I would hope that some
general overall decision was reached on the policy to be
followed within the next A months since detailed plans must
begin to be made soon.

In a similar veln we will need a computer to use with
on line experiments at N,A.L., The cdst of such an installation
will be $300,000 to $400,000. While N,A.L. will have some
on line computers an overall policy on types and utilization
is still not formulated. There could be need for capital
agulipment money for such a machine.

I hope that this information is not so vague as to
be useless but some policy decisions have not been made at
N.A.L. vet.

Sincerely,

DIM: ag

7 Pegged
Donald I. Mever

§



THE UNIVERSITY OF MICHIGAN
ANN ARBOR

THE HARRISON M. RANDALL LABORATORY

OF PHYSICS i

December 2, 1969

TEL. NO. 313-764-4437

Paul W.McDaniel, Director
Division of Research
U. S. Atomic Energy Commission
Washington, D. C. 20545

Dear Dr. McDaniel:

I am .writing this letter in response to your request
for a five year projection on our high energy physics counter
program at Michigan.

During the period 1971-1976 we expect to continue our
studies of very high energy proton proton interactins, at
Argonne, at the CERN intersecting storage rings, and at the
200 GeV accelerator at Batavia. We expect to continue to
do simple counter experiments so that we do not anticipate
any need for a large increase in our support which is presently
about $95,000. We propose the following increases mainly
to counter the unfortunate inflation which seems to exist:

GT

71
(2
3
7h
CJ

SCIENTIFIC STAFF SECRETARIAT AEC SUPPORT

100,000
105,000
110,000
115,000
120,000

We do not anticipate any requests for major equipment
or construction.

Sincerely yours.

ADK: aa

A . wl
A. D. Krisch *

ProfessorofPhysics

wick



UNIVERSITY of PENNSYLVANIA
PHILADELPHIA 19104

The College
DEPARTMENT OF PHYSICS

November 21, 1969

Dr. Paul W, McDaniel, Director
Division of Research
Atomic Energy Commission
Washington, D, C. 20545

Dear Dr, McDaniel:

I am pleased to answer your letter of October 30, 1969

that asks for an advance in formal submission of our five-

year long-range projections (FY1971 - FY1976) for the High

Energy Physics Program. These are furnished you via. enclo-
sure and while they are, of course, only tentative it is my

estimate that the formal submission which we expect to be

making next January will contain the same data, :

Should you need further information.please let me know.

Sincerely,

Z TectnceS ne on CS

Sherman Frankel
Principal Investigator

SF mm

Encl. (as above)
cc: Mr. J. D. Hart, Princeton Br., AEC(NYO)

14:



UNIVERSITY of PENNSYLVANIA
PHILADELPHIA 19104

The Cg
DEPARTMENT iiss.

ADVANCE ESTIMATE

ROGRAM ASSUMPTIONS AND FORECASTS FOR FY1971-1976

AWC CONTRACT NO. AT(30-1)-2171

AsiEE

Operations #E-01)

Equipment Sd
Non-compee
Computer Hl

Constructiz@®s, No, 69-2

Particle Iaboratory

1971 1972 1973 1974 1975 1976
1,850 2,060 2,200 2,300 2,400 2,500

250 250 300 300 350 350
100 100 125 150 1,200 150

2.500

Explanatorsi

a. The surmfor FY1975 anticipates replacementofthe360/65 computer at
obgoleomEto

SE crm
11-21-69 144 A



PRINCETON UNIVERSITY
PALMER PHYSICAL LABORATORY

0 of Physics Palmer Physical Laboratory
Post Office Box 708
Princeton, New Jersey 08540

November 24, 1969

U.S. Atomic Energy Commission
Division of Research
Washington, D.C. 20545

Atten:

Subject:

Dr. Paul W. McDaniel, Director

Informal Five Year Forecast, High Energy Physics
Research Contract AT(30-1)-2137

Dear Sir:

Pursvant to your request, we are submitting our
long-range projection for Fiscal Years 1971 - 1976.

Yours very truly,
] 1“TUL A ni

T. Wunderlich
Technical Business Manager
High Energy Physics Research

TW:ec
Enclosure

CC J. D. Hart, Princeton Branch, A.E.C
G. T. Reynolds
R. A. Rossi
D. T. Wilkinson

r
1 7



FIVE YEAR PLAN

High Energy Physics Research
(Figures in Thousands of Dollars)

FY 1969
Carry FY 1970 FY 1971 FY 1972 FY 1973 FY 1974
Forward Oblig. Cost Oblig. Cost  Oblig. Cost - Oblig. Cost Oblig. Cost

2,100 2,100 2,200 2,200

200 175 200 ~~ 200

Operations

Equipment

TOTAL ze 1,700 1,780 1,850 1,900 2,300 2,200 2,300 2,275 2,400 2,400

FY 1975 FY 1976
Oblig. Cost Oblig. Cost

2,.0 2,700  2,h00

Cost

After
FY 1976

2,400

150 200 120 200 156

2,450 2,500 2,550 2,600 156



THE UNIVERSITY OF ROCHESTER
DEPARTMENT OF PHYSICS AND ASTRONOMY

ROCHESTER, NEW YORK 14627

PARTICLE PHYSICS LABORATORY November 2l, 1969

Dr. Paul W. McDaniel
Director, Division of Research
United States Atomic Energy Commission
Washington, D. C. 20545

Dear Dr. McDaniel:

In reply to your letter of October 30, please find attached the long=-
range five-year projections for the High Energy Physics Research Program
at the University of Rochester.

These projections are based on our present effort in theoretical and
experimental research, as well as the needs and potential for growth of
these groups. The high energy theory group under the leadership of
Professors Marshak and Okubo projects a modest increase in staff and
craduate students in order to maintain its high level of productivity.
The experimental group has been engaged in experiments at BNL, Argonne
and SLAC and is actively considering and preparing for early participation
in the NAIL research effort.

The projections are in line with the excellent recommendations of
the HEPAP report of June 1969 and have been adjusted on the basis of our
current funding and of the projected AEC recommendations communicated to
us by the N.Y. Operations Office on May 7, 1969. On July 8, 1969 in
answer to a request by Dr. Wallenmeyer, we submitted estimates for our
research participation at NAL; these estimates were based on our needs
for a more accelerated increase in support than is presented in the at-
tached long-range vlan.

Finally, we have indicated the need for funding of two major facilities:
(a) An automatic film measuring device (PEPR) to serve four Universities
in the upper New York state region (Rochester, Syracuse, Albany, Buffalo)
(b) The construction of a magnetic spectrometer facility for use at NAL.

ACM/brm
Encl.
CCs: R.S. Knox

D. McBride

Sincerely yours, 7)

 A eT To A Li {ge
J. B. French A. C. Melissinos

 TE. ear L57)
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UNIVERSITY OF ROCHESTER CONTRACT AT(30-1)-875

OPERATING COSTS (In thousands)
TY70 FYT71 FY2 FY73 FY7L FY75 FY7¢

ATGH ENERGY 05=01=29-01

Theory
Scientific Personnel
Graduate Students
Josts

i 10 11 11 12 12 12
6 8 9 10 11 12 12

2l2 300 340 380 1,20 1,50 1,80

Particle Physics
Scientific Personnel 9. 10
Graduate Students 107% 11
Costs 61.3 780

11 12
12 13

910 1020

13 1h 1h
15 17 17

1130 1250 1320

1400 1550 1700 1800Total High Energy Costs 885 1080 1.5C

Major Facilities :

(a) PEPR
‘b) Magnetic Spectrometer -

Total Facilities r
Pat

fam
 ——

~~
Ty
be ~

———_

= One of the 9 members of the High Energy Theory Group is presently supported by an NSF Postdoctoral
Fellowship which expires in June 1970. .Thus, the increase from FY70 to FY71l is in essence for
the support of two additional staff members.

“¥ Only 6 of the 10 participating students are supported by the AEC.

I.
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THE UNIVERSITY OF WISCONSIN

MADISON 53706

DEPARTMENT OF PHYSICS

) 475 NORTH CHARTER STREET

November 21, 1969

Dr. Paul W. McDaniel
Director, Division of Research
Atomic Energy Commission
Washington, D. C. 20545

Dear Dr. McDaniel:

The purpose of this letter is to outline the long range projections
(FY 1971-76) of the phenomenology program at Wisconsin, as requested in your
letter of October 30, 1969.

In the FY 1971 budget proposal of AEC contract AT(11-1)-881, the phenom-
enology program costs will be included as line items. This action was suggested
by Dr. Hildebrand last fall, in discussion of our proposal to the AEC on
"Phenomenological Analysis of Fundamental Particle Scattering Data''. The
phenomenology budget request for FY 1971 will be at the level of the original
proposal, $70,000.

Assuming that this fiscal requirement is met in FY 1971, our five year
projection in phenomenology for FY 72-76 is as follows:

FY 1972 cost increases

| visiting staff member (distinguished
scientist with phenomenological
interests)

| graduate research assistant

$25,000

6,000

computer costs, estimated,
(no computer costs will be included in FY 1971 budget) 15,000

$46 .000

FY 1973 cost increases

1 postdoctoral research associate

| computer programmer (full-time)

| graduate research assistant

520,000
15.000

6,000
$L1.000

FY 1974 cost increases

| graduate student
hourlv help

§ 6,000

4,000
$10,000

Coy
Coy ws 151



Dr. P. W. McDaniel November 21, 1969

FY 1975 cost increases

none

FY 1976 cost increases

none

The above cost projections include salaries, travel and publication costs,
fractional secretarial help, and University overhead. The proposal submitted
to the AEC for the "Formation of a Particle Data Bank as a national facility
is independent of the phenomenological research costs projected above.

The phenomenological program at Wisconsin has already made significant
contributions to research in strong interaction physics, as indicated in out-
side letters of evaluation that were recently obtained for the AEC (copies of
the letters were sent to Dr. Hildebrand). We hope to maintain this role as a
world's center in phenomenological particle research and to interact strongly
with the theory and experimental programs at the National Accelerator Laboratory.
By FY 1974 we expect that this program will reach a optimal size, so that no
further cost increases will be necessary in FY 75 or 76.

Sincerely yours,

Vernon Bai :r

mp

oY
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THE UNIVERSITY OF WISCONSIN

MADISON 353706

yi 0 DEPARTMENT OF PHYSICS
‘ily475NORTHCHARTER STREET

Movember 20, 1969

Dr. Paul W. McDaniel
Director, Division of Research
Atomic Energy Commission
Washington, D. C. 20545

Dear Dr. McDaniel:

le are writing in response to your letter of October 30, 1969
concerning the long range program projections for FY 1971-76 for the
Theoretical Physics part of AEC contract AT(11-1)-&amp;81.

The needs of the Theoretical Physics program at Wisconsin are
sufficiently pressing, especially for the next year or two, that we
thought it would be desirable to describe the Theory program separate-
ly and in more detail than in the past.

The .Tong range plans of the Theory group are closely tied to the
development of the HMational Accelerator Laboratory. As you know, our
present theory program places great emphasis on the interaction of
theorists with experimentalists. le believe we have the core of a
group which will interact strongly with, and contribute to, the NAL
program. In the five-year projections outlined below, we nave specif=-
ically made provisions for two continuing positions for visiting staff,
one at a junior level, and one at a more senior level, We intend to
use these positions for one-year visitors who will spend part of their
time at NAL. This arrangenent is in keeping with the spirit of the
URA=-NAL policy on visiting scientists and the HAL program.

Our projections are based on our feelings about the composition
of an ideal theoretical group in high energy physics, given realistic
boundary conditions with respect to the University and the AEC, and
our expected interaction with the NAL. Ue would like to emphasize
that the financial projections which we have prepared are conservative
as judged by our past experience. lie should also note that we do not
anticipate much growth in the permanent staff beyond the five year
period covered in the projections.

There are six faculty members in the present high energy theory
group. We hope to acd three more permanent staff, one each in FY 1971,
FY 1973, and FY 1975. We already have an offer outstanding for FY 1971
to a very strong candidate, Ur. Christopher Iiichael, at the Assistant
Professor level. If he accepts, we will have reached the level we pro-
ject in the strong interaction area. Since there will be a major effort

 3)



Dr. Paul W. HcDaniel 11/20/69

in the areas of weak and electromagnetic interactions at NAL, we will
emphasize these areas in filling the remaining two faculty positions,
The visiting positions will first be filled in FY 1972 and FY 1974,
at roughly the time the NAL facilities will come into partial and full
operation.

He feel that an optimal high energy theory group should have
roughly one postdoctoral research associate and two graduate research
assistants per faculty member. Our long-term projections for increased
AEC contracted support are aimed at reaching this optimum level by FY
1976. We anticipate that University support will continue at least at
the level of six researcl assistants.

A breakdown of our projected cost increases over the present con-
tract for FY 1971-76 is given below. Travel and publication costs,
fractional secretarial help, and University overhead are included in
the salary figures quoted in the projections. No provisions for in-
flation or increases in salaries bevond the current level are included.

For completeness we include increases for FY 1971. The postdoc-
toral research associate and graduate research assistant positions
listed for 1970-71 restore positions which were eliminated in FY 1970
due to budgetary limitations.

Incremental costs 1970-71

1 permanent faculty member
2 postdoctoral research associates
2 graduate research assistants

12,000
40,000
12,000

$64,000

We will require an additional $20,000 in FY 1971 just to cover increases
in operating costs that have already been evident in FY 1970.

Assuming that the foregoing requirements are met in FY 1971, our
five year projection of cost increases for FY 1972-76 is as follows:

 J 1
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Incremental costs FY 1972-76

FY 1972

1 visiting junior staff member
2 postdoctoral research associates
2 graduate research assistants

FY 1973

1 permanent faculty member
2 postdoctoral research associates
2 graduate research assistants

FY 1974

1 visiting senior staff mnember
1 postdoctoral research associate
2 graduate research assistants

FY 1975

1 permanent faculty member
2 postdoctoral research associates
2 graduate research assistants

FY 1976

1 postdoctoral research associate
1 graduate research assistant

Total incremental costs. 1972-76

26,000
40,000
12,000

$78,000

12,000
40,000
12,000

$64,000

40,000
20,000
12,000

$72,000

12,000
40,000
12,000

$64,000

20,000
6,000

$26,000

$304.000

~
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We consider ourselves to be one of the strongest high energy
theoretical groups in the country. We have made substantial contri-
butions to the progress of high energy physics, and expect to con-
tinue to do so. Ve intend in the future to work closely with HAL,
and to assist in making it a successful national and international
facility. In view of our past success, and the importance of Univ-
ersity-NAL collaboration in the future, we regard the projected cost
increases as well justified.

Sincerely,

7 TL “. cen D Corsa Bn
Vernon Barger
ht?plbsy Dirt, gs
Loyd Durand, III

. at.



THE UNIVERSITY OF WISCONSIN

MADISON 53706

(7 DEPARTMENT OF PHYSICS
Vi)475NORTHCHARTER STREET November 28, 1969

Dr. Paul W. McDaniel
Director
Division of Research |
United States Atomic Energy Commission
Washington, D. C. 20545

Dear Dr. McDaniel:

This letter is in response to your request of 30 October 1969 for
a five year projection for our contract (AT(11-1)-881). The letter is
a general view of the experimental project for the next five years including
as enclosures brief projections by the various groups and a five year budget.
The theoretical program is covered in separate letter.

For an overview of the projected research work and concomitant budgetary
requirements the following input information was used:

During the past three fiscal years the funding level for
experimental physics has dropped from $1.52 M to $1.41 M.
As a result of this, bubble chamber data production is now
only 30% of the 67-68 rate, and the equipment used by the
counter spark-chamber group is rapidly becoming obsolete.

/ The National Accelerator Laboratory facility at Batavia,
[11inois will provide beams in 1972. The research groups
have shown considerable interest in the project, and
geographic proximity will lead naturally to active participation
in work at the laboratory.

A working automatic film measurement device will be essential
within the next two years for the group to remain competitive
in the analysis of pictures from the large bubble chambers.

1 Development of rapid cycling bubble chambers will require
additional crvogenic facilities at Madison.

The enclosed projection was prepared with these factors in mind. Provision
has been made for increasing the base level of the budget, purchasing new
equipment for use at the National Accelerator Laboratory, adding two visiting
appointments at the professorial level for users of the Batavia facility, and
completing and operating the SATR automatic film analysis project. In addition
over the next 5 years two new appointments at the assistant professor level
should be made. More detail about the plans of the various groups can be found
in the attached summaries.

LGP: jw
mes

-
~ ncerely —-

En J (1 An He
Lee G. Pondrom

/
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5-Year Plan - Camerini, Cline, Fry, March, Reeder

We foresee three major trends in our research over the period

1970-75:

(1) Bubble chamber experiments with weak and electromagnetic

interactions will continue at least until 1973. We are planning

a muon exposure in Gargamelle (1971) and an antineutrino exposure

at BNL (1972). Our work on the ANL 40" chamber should be completed

by the end of 1972.

(2) Conventional strong interaction experiments in bubble chambers will

be de-emphasized as a major activity as the currently proposed

experiments are completed. Future plans in this area are tied

to SATR.

(3) Starting in 1972 or 1973, a major share of our research will be

at NAL, and we anticipate that this will be mainly in electronic

and hybrid systems rather than conventional bubble chamber physics.

For the immediate future, our only requirement for bubble chamber

work is funds to hire additional personnel to bring the analysis system

up to capacity. We will continue to gain experience in electronic and

hybrid experiments through collaborations (we have had three so far),

working toward an independent hardware capacity at NAL in fiscal 1973,

as indicated in the budget projections.

We expect a reduction in graduate students of about 50%, the funds

freed thereby to go to acauiring a 1/1 ratio of postdoctoral to faculty

employees.

; y



5 Year Plan - Pondrom-Prepost

During the next five years the counter group plans to continue

experiments using optical and digital spark chambers to study the

interactions and decays of elementary particles. In addition to using

the accelerators at which we have worked in the past, we are interested

in using the new Batavia accelerator when it becomes available in 1972,

Through 1970 the group will be principally occupied with two optical

spark chamber experiments at the Argonne ZGS. Additional work with

digital spark chambers is planned in conjunction with the deuteron

beam at the Princeton-Pennsylvania Accelerator. Work at Batavia is

still in the very early planning stage. The group should add one more

physicist, preferably at the assistant professor level within the next

two years. Continuation of present budgetary limitations will soon

force the group to perform fewer experiments, because the present equip-

ment will not only become obsolete, but simply wear out, and limited

funds will have to be spent on development rather than on operations.

 3)-



Five Year Plan - Walker-Erwin-Thompson

In addition to relatively routine bubble chamber experiments,

the group efforts are concentrated in three directions: 1) rapid

cycling bubble chamber development; 2) use of a rapid cycling chamber

employing counters and spark chambers in "hybrid" configurations; and

3) development of the SATR automatic film measurement system. These

three projects are mutually complementary; automatic data processing

will be essential in handling output from rapid cycling hybrid configurations.

The rapid cycling chamber now being built is 14" in diameter, and hopefully

will operate as high as 50-11Z, A superconducting magnet for the bubble

chamber will be needed, and local cryogenic facilities will be expanded

for further. bubble chamber development. The SATR project will begin

measuring film in July, 1970, and will be in complete working order by

June, 1971. The effort will change from hardware to software work in order

to increase the measurement speed and achieve fully automatic scanning.

i111



1971-1976

Projected Program § Costs

Experimental Physics - Contract AT(11-1)-881

Previous Year Adjusted

To Fund Shortages in
Current Program

SATR - Completion of Project
($100.0 X) § Operation
($80.0 K)

Rapid Cycling and Cryogenic
Facilities

Batavia Program Development
G Operation: Initial -
$200.0 K; Steady State
$100.0 Xx.

I'wo New Professorial Staff
Members &amp; Support

Spark Chamber Expansion
&amp; Develorment

Relocation of Laboratory
G Computing Facilities
in New Physics Building

fo 1

FY FY FY FY FY
[970 1371 1972 1973 1974 FY FY

1975 1976

1,480,000 2,180,000 2,260,000 2,550,000 2,700,000 2,830,00C

300,000

100,000  &lt;21,0005

25,000 25.300 «50,0005

200,000  &lt;105,0005

100.000 100,000

100.000

75,000  &lt;79,000&gt;

1,410,000 2,105,000 2,204,000 _ 2,485,000 2,621,000 2,700,000 2,830,000
Sop

»
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THE UNIVERSITY OF WISCONSIN

MADI|SON 53706TRE:
DEPARTMENT OF PHYSICS
475 NORTH CHARTER STREET November 28, 1969

Dr. Paul W. McDaniel
Director
Division of Research
United States Atomic Energy Commission
Washington, D. C. 20545

Dear Dr. McDaniel:

This letter is in response to your request of 30 October 1969 for
a five year projection for our contract (AT(11-1)-881). The letter is
a general view of the experimental project for the next five years including
as enclosures brief projections by the various groups and a five year budget.
The theoretical program is covered in separate letter.

For an overview of the projected research work and concomitant budgetary
requirements the following input information was used:

L. During the past three fiscal years the funding level for
experimental physics has dropped from $1.52 M to $1.41 M.
As a result of this, bubble chamber data production is now
only 30% of the 67-68 rate, and the equipment used by the
counter spark-chamber group is rapidly becoming ohsolete.

The National Accelerator Laboratory facility at Batavia,
Illinois will provide beams in 1972. The research groups
have shown considerable interest in the project, and
geographic proximity will lead naturally to active participation
in work at the laboratory.

3

4

A working automatic film measurement device will be essential
within the next two years for the group to remain competitive
in the analysis of pictures from the larse bubble chambers.

Development of rapid cycling bubble chambers will require
additional cryogenic facilities at Madison.

The enclosed projection was prepared with these factors in mind. Provision
has been made for increasing the base level of the budget, purchasing new
equipment for use at the National Accelerator Laboratory, adding two visiting
appointments at the professorial level for users of the Batavia facility, and
completing and operating the SATR automatic film analysis project. In addition
over the next 5 years two new appointments at the assistant professor level
should be made. More detail about the plans of the various groups can be found
in the attached summaries.

ad Af

Sic 7

Lec ~J , (AC
Lee G. Pondrom
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THE UNIVERSITY OF WISCONSIN

MADISON 53708

poh DEPARTMENT OF PHYSICS
tf 475 NORTH CHARTER STREET

November 26, 1969

Dr. Bernard Hildebrand
Chief, Research Branch
U.S. Atomic Energy Commission
Washington, D. C. 20545

Dear Dr. Hildebrand:

We thought you would be interested in receiving a copy
of our long-range projection for FY 1971-75.

We are enclosing copies of the Theory section.

Sincerely,
n

Vee tly,

Loyal Durand, Ii.

bp
Encl.

a3



THE UNIVERSITY OF WISCONSIN

MADISON 53705

A 4
DEPARTMENT OF PHYSICS

47% NORTH CHARTER STREET

November 20, 1¢6¢

Pr. Paul Y. lcDaniel
Director, Division of Research
Atomic Energy Commission
dashington, D. C. 20545

Dear Dr. licDaniel:

. lle are writing in response to your letter of October 30, 1969
conceriirg the long range program projections for FY 1971-75 for the
Theoretical Physics part of AEC contract AT(11-1)-&amp;31.

The needs of the Theoretical Physics prooram at Misconsin are
sufficiently pressing, especially for the next year or two, that ve
thought it wculd be desirable to describe the Theory program separate-
ly and in more detail than in the past.

The Tong range plans of the Theory group are closzly tied to the
developrient of the Mational Accelerator Laboratory. As you know, our
present theory program places great enpnasis on the interaction of
theorists vith experimentalists. ile believe we have the core of a
group wnich will interact strongly with, and contribute toy, the NEL
prograni. In the five-year projections cutlined below, we have specit-
ically made provisions for two continuing positions for visiting staff
one at a junior level, anc one at a more senior level. Ue intend to
use these positions for one-year visitors who will spend part of their
time at MAL. This arrangerient is in keeping with the spirit of the
URA-NAL policy on visiting scientists and the NAL program.

Our projections are based on our feelings about the composition
of an iceal theoretical group in high energy physics, given realistic
boundary conditions with respect to the University and the AEC, and
our expectea interaction witn the HAL. le would like to emphasize
that the financial projections vihich we have prepared are conservative
as judged by our past experience. We should also note that we do rot
anticipate much growth in the permanent staff beyond the five vear
period covered in tie projections.

There are six faculty members in the present high energy theory
group. le hope to aud three more permanent staff, one cach in FY 1971,
FY 1973, and FY 1975. le already have an offer outstanding for FY 1671
Lo a very strong candidate, Dr. Christopher iichael, at the Assistant
Professor level. If he accepts, we will have reached the level we Pro-
ject in the strong interaction area. Since there will be a najor effort

co1



Dr. Paul W. HcDaniel 11/20/69

in the areas of weak and electromagnetic interactions at NAL, we will
enphasize these areas in filling the remaining two faculty positions,
The visiting positions will first be filled in FY 1972 and FY 1974,
at roughly the time the NAL facilities will come into partial and full
operation.

We feel that an optimal high energy theory group should have
roughly one postdoctoral research associate and two graduate research
assistants per faculty member. Our long-term projections for increased
AEC contracted support are aimed at reaching this optimum level by FY
1976. ile anticipate that University support will continue at least at
the level of six researcl assistants.

A breakdown of our projected cost increases over the present con-
tract for FY 1671-76 is given below. Travel and publication costs,
fractional secretarial help, and University overhead are included in
the salary figures quoted in the projections. MNo provisions for in-
flation or increases in salaries beyond the current level are included.

For completeness ve include increases for FY 1971. The postdoz-
toral research associate and graduate research assistant positions
listed for 1670-71 restore positions which were eliminated in FY 1970
due to budgetarv limitations.

Incremental costs 1970-71

1 permanent faculty member
2 postdoctoral research associates
2 graduate research assistants

12,000
40,000
12,000

$64,000

We will require an additional $20,000 in FY 1971 just to cover increases
in operating costs that have already Leen evident in FY 1970.

Assuming that the foregoing requirements are met in FY 1971, our
five vear projection of cost increases for FY 1972-76 is as follows:

y
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Incremental costs FY1972-76

FY 1972

1 visiting junior staff menber
2 postdoctoral research associates
2 graduate research assistants

FY 1973

1 permanent faculty member
2 postdoctoral research associates
2 graduate research assistants

FY 1974

1 visiting senior staff wenlber
1 postdoctoral research associate
2 graduate research assistants

FY 1975

1 permanent faculty member
2 postdoctoral research associates
2 graduate research assistants

26,000
40,000
12,000

$756,000

12,000
40,000
12,000

$64,000

40,000
20,000
12,000

$72.000

12,000
40,000
12,000

$64,000
FY 1976

1 postdoctoral research associate
graduate research assistant

Total incremental costs, 1972-76

20,000
6,000

$26 .000
$304,000

“NY
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We consider ourselves to be one of the strongest high energy
theoretical groups in the country. Ve have made substantial contri-
butions to the progress of high energy physics, and expect to con-
tinue to do so. Ve intend in the future to work closely with LAL,
and to assist in making it a successful national and international
facility. In view of our past success, and the importance of Univ-
ersity-NAL collaboration in the future, we regard the projected cost
increases as well justified.

Sincerely,

\ro
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Yale Univer sity New Haven, Connecticut 06520
Office of the Chairman
Physics Department
217 Prospect Street

November 26, 1969

Mr. Paul W. McDaniel
Director, Division of Research
United States Atomic Energy Commission
Washington, D.C. 20545

Dear Mr. McDaniel:

¥

We have a strong high energy physics program at Yale where
six of our sixteen tenure faculty members engage in the experimen-
tal aspects of this program and three are concerned with the
theoretical parts of the program (although one of these is supported
by the NSF). The experimental program has been divided historically
into four groups which have acted independently in major activities.
In particular we have experimental work dirccted primarily by Hughes,
by Adair, by Taft and Kraybill, and by Willis and Sandweiss, as
well as the theoretical work directed by MacDowell and Gursey. All
of these men are tenure members of the faculty and thev constitute
half of the tenure faculty of the department.

The budget has traditionally been divided into three parts
administrated somewhat independently. For this fiscal year (1969-70)
the budget for Hughes' group is $260,000, for the theory group
$80,000, and for the three other groups, AK-S-TW, $680,000, for a
total of $1,020,000. We anticipate an incremental funding of $60,000
(half provided by the University) for the Willis-Sandweiss experi-
mental program, bringing the grand total to $1,080,000.

In order to continue programs which are as intellectually rele-
vant as in the past, we will need to add to the normal escalation of
5% per annum further capital funds for satellite computers for
data analysis in electronic experiments and added funds for the
considerable added expense we forsee as required to explore new
techniques and in the expenses required to use the 200 GeV accelerator.
We believe we will require funding according to the table below if we
are to proceed at the present level of accomplishment without any
expansion in the basic size of our operations.

 A



PE

Mr. P.W. McDaniel November 26, 1969

Fiscal Year
1971
1972
1973
1974
1975

Theory Hughes A-K-S-T-W Capital Equipment
95,000 285,000 900,000 150,000

105,000 320,000 1,130,000 150,000
115,000 360,000 1,250,000 200,000
130,000 L10,000 1,460,000 250,000
150,000 470,000 1,670,000 300,000

While it is difficult to look far into the future and predict
the most useful activities in-detail, we can forsee certain rather
definite activities which may help suggest the kind of expenditures
which will be required.

1970) The time-reversal experiment at the Argonne National Laboratory
should be brought to a conclusion this fiscal year though some
computing expense will be requited in fiscal 1971. The K-decay
form-factor measurement carried out now at the Argonne, will also
require some expenditure in fiscal 1971, but, again, the major
work should be accomplished this year. The examination of the
scattering of K-mesons from protons at Brookhaven should be nearly
completed this fiscal year, though again some analysis will continue
into the next fiscal year. The PEPR programs concerning the analysis
of sigma decays will be largely finished also.

In FY 71, plans include acquisitions of small computers for
on-line experiments and also purchases for improvements and major
maintenance for our existing PDP 6. In FY 73 is also planned to
acquire an IBM 1401 or equivalent to perform auxiliary operations
related to our accelerator work. Other equipment funds are included
to provide for readouts and additions to computer system. The AGS
hyperon experiment will begin during this year. This is a big show, and
while the die is cast for this FY to a large extent, there is some
flexibility, and should the BOB kill scme existing facility, there
would be bequests for the survivors. We would therfore take this oppor-
tunity to plead for some relief.

There is also an experiment planned to make measurements on the chart
asymmetries in K-meson decays and we believe that it is essential,
during this fiscal year, to modify the PEPR system so as to allow the
analysis of the larger bubble chambers now beginning operations.

£)

- If the hyperon beam lives up to expectation, we would want to
retain the setup over the next shutdown. However, we probably will
have run the present experiment as much as we want to. We would .
come back in FY 72 with a new experiment replacing the spark chambers
with proportional chambers to take advantage of the available in-
tensity, proposing to do more of the same, or radiative decays,.or

34
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strong interactions. This will require an infusion of new equip-
ment. I note that the BNL committee seems already to expect some-
thing of this sort.

In fiscal year 1973, 74, 75 we hope to be involved in the
programs at NAL concerning the surveys of hyperon beams (FY 73)
experiments using the neutrino beam (FY 7.4) and experiments concerning
the strong and weak interactions of hyperons, in particular. In
all of our contemplation of the problems of such experiments, we
are impressed by the necessity of sophisticated -- and expensive
instrumentation and the necessity of a strong technical back up on
the group level. This is also expensive and it is expensive to make
viable arrangements for technicians to commute to Chicago and to
live there while experiments are being prepared. Our estimates
of these expenses for the experiments we are now doing at Chicago
(drgonne) have not been adequate: the experiments have cost us more
than we have expected.

Sincerely yours,

L

RKA/dm Robert K. Adair
Chairman

7



Yale Univers ity New Haven, Connectilut 06520
PHYSICS DEPARTMENT

217 Prospect Street

November 20, 1969

Dr. Paul McDaniel
Director, Division of Research
U. S. Atomic Energy Commission
Washington, D. C. 20545

Dear Paul:

Enclosed is an informal five-year projection on Yale/EPI, and

related material. Bob Adalr suggested that I send this to you

directly since he and I had not had a chance to discuss our program

pefore he sent vou his letter.

With test regards

Sincerely

Vernon W. Hughes
Donner Professor of Physics

Encl.

VWH:eg
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five Year Forecast / Prepared by
High Energy Physics (Yale/EPI) \V. W. Hughes)

The research problems that we are either presently doing
or planning for the future include the following:

1) Asymmetry in elastic scattering of hadrons from polarized
protons at Brookhaven National Laboratory.
a) Elastic scattering of Kt mesons of momenta from 1.2 to

2.4 BeV/c from polarized protons with measurement of
asymmetry and differential cross section.

This experiment is AGS experiment no. 390 and is

presently set up at the AGS. The data-taking will be
completed during the 1st half of 1970. A paper based
on the first phase of thls experiment is enclosed. We

have submitted this paper to Physical Review Letters
and 1t is entitled:
“A symmetry and Differential Cross Section for Elastic
Scattering of Kt Mesons by Polarized Protons" by G. A.
Rebka, Jr., J. Rothberg, A. Etkin, P. Glodis, J. Greenberg,
V. W. Hughes, K. Kondo, D. C. Iu, S. Mori and P. Thompson.

b) Elastic scattering of K' and K~ mesons and antiprotons (p)
of momenta from 0.7 to 1.2 BeV/c from polarized protons.

This experiment has been proposed to BNL and would
be done in the new low momentum separated beam derived
from the slow external proton beam. The physical interest
in the KT -p and K~ -p scattering is in the questions of

Che existence of S=+1 baryon states, of the resonant states
of the K~ -p system, and in the accurate determination of

Kt -p and K~ -p phase shift parameters. The physical interes:
in the p -p scattering is the studies of the diffractive
behaviour of the scattering and of possible resonant states.

c) Ofher scattering experiments of hadrons on polarized protons
using the new intense beams to be available at BNL after the
AGS conversion is completed in 1972.
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2) High energy muon pair production at Cornell 10 BeV synchrotron
a) Precision test of limite of QED in the reaction:

v + Dep +p +p”

Unlike the best quoted result’ (for the reaction
y + C ~ C + ut + 11”) which is based solely on absorption
or range measurements, our experiments will utilize a

pair spectrometer. Supercondicting quadrupole magnets
will be required in the spectrometer. The use of a
hydrogen target rather than a carbon target is important
in order to avoid uncertainties in the interpretation
associated with nuclear structure.

3)

b) Search for heavy leptons of mass greater than the kaon

mass (2 500 MeV).
This experiment would observe high energy muon pairs

and would measure the polarization of the muons. The pol-
arization measurement will allow a distinction between
muons arising from the decay of heavy leptons and muons

arising fromdirect electromagnetic muon pair production.
The muon background from pion decay must also be considere
and will probably be the principal factor limiting the
sensitivity of the experiment.

Experiments with polarized targets at the National Accelerato
Laboratory.

Small angle elastic scatfering of p, TE, KT, and D by
polarized protons of very high momenta in order to study
polarization effects releyant to the validity of asymptotic
limit theorems, Regge pole theory and dispersion theory at
very high energles. These experiments would be similar to
experiments that have been done at CERN® and at BNL, and
we would hope to establish a collaboration with another

counter group (We have discussed these experiments with
Dr. S. Lindenbaum of ENL and a collaboration might be
established with his group.) These experiments have been
dlscussed in an informal proposal submitted to the AEC from
the Yale/EFI group on July 11, 1969.
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4) Hadronic X-rays

The intensities of the new low momentum XK and p
separated beam derived from the slow external proton
beam to be available in 1970, and even more the beam
to be avallable after the AGS conversion in 1972, will
make possible exciting new experiments with hadronic
atom X-rays. We have been considering the following

experiments: | I

a) Determination of magnetic moment of 3
b) Search for K-mesic X-rays from helium.
¢) Precision measurement of hadronic X-rays

(K™, p, £~) for low Z atoms to determine
nucleus or hadron-nucleon interactions.

the hadron-
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The funds requested for Yale EPI are given in Table I.
The allocationoftheseoperating and capital funds to these
experiments has been discussed in our form 189 of April, 1969
and in our informal proposal with regard to the NAL experiment

of July 11, 1969, for the next two years There follow Tables I and IZ
indicating further the detailed distribution of funds through
FY73. Distribution of funds beyond FY73 is very difficult to

make reliably at this time.

Table I: Five Year Forecast

High Energy (Yale/EPTI)

FY71 FY72 FY73 FYTh FY75 FYT6
Operating 400k 500K 550K 600K 650K TOOK

Capital  100¢ 150K 150K 100K 100K 100K
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Table II: Distribution of Operating Funds

BNL scattering experi
ments using polarized
proton target

Cornell muon pair
experiment :

NAL scattering: experi-
ment using polarized
proton target

BNL hadronic X-ray
experiment

Total

IAEA| FY72

325K 200K

35K 200K

LOK 100K

0 J

LOOK 500K

FYT3

250K

150K

100K

SOK

550K

it



Table III. Distribution of Capital Funds

 Pry
BNL scattering experi-ments using polarized | 0
proton target

Cornell muon palr
experiment FK

RYT?

 ND

FY73

30K

60K ¢

pu

NAL scattering experi-
ment using polarized
proton target

BNL hadronic X-ray
experiment

NK

D

30K

0)

120K

Y

%

Total 100K 150K 150K
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July 11, 1969



Experiments at National Accelerator Laboratory

with Polarized Targets

Pr

Many important experiments have been done in high energy

physics with polarized targets (principally polarized protons)
and there is at present a large amount of activity in this

field. tr 20308 It will clearly be of great importance to extend

such experiments to the higher energies to be available at the

National Accelerator Laboratory. In particular, the study of

nolarization effects relevant to the validity of asymptotic limit

theorems, Regge Pole theory and dispersion theory at very high

energies will be important. We are interested specifically first

in considering experiments on the small angle elastic scattering

of P, 7°, K*, and P by polarized protons.

Since such experiments are a very large endeavor, ve would

hope to establish a collaboration with another counter group for

doing these experiments.
Research in FY71 will be devoted firstly to consideration and

planning of experiments at high energies with polarized targets and

secondly to laboratory studies of polarized targets.
The experiments we are interested in initially are the forward

elastic scattering of P, nt, K*, and P from polarized protons.

mhese experiments would be the extension to high energies from 30 BeV

wr

ro 200 BeV of experiments similar to those done at CERN with

polarized targets © and at ann’ 78° with unpolarized targets. The

Gesicn of such experiments will be considered.

The polarized proton target we are currently usina Tn Our
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crperimentatBMLon the elastic scattering of XK mesons by
wind?

polarized1 rized protons is of the LMN type. We propose to studstudy and

develop a laboratory prototype hydrocarbon type polarized proton

target, since it will be particularly important at the higher

encrgics of NAL. Much of the relevant equipment for this work

is oo available in our laboratory, so the budget required for

this development can be relatively low. |

By FY72 we would hope to be actively involved in preparing

for a high energy experiment with a polarized proton target and

to be designing and constructing the polarized proton target.

Sais

As mentioned above we would hope to establish a collaboration with

another counter group. We have discussed a possible collaboration

with Dr. S. Lindenbaum of BNL and we will explore this and other

possibilities further.

At the present we do not feel it is possible to project a

budget beyond FY72 in any detail. If these experiments do

materialize, however, a substantial increase in operating budget will

be reaouired.
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Yale/EPL Reg@§ech al NAL
Budget for FY/1 and FY72

Scientific Faculty =
 VY. VW. Hughes, Professor

G. A. Rebka, Jr., Associate Professor _
Assistant Professor, 1/2 time academic year

CY ee ele oe 2 mo. Summer comp.
Research Associate, full time .

~ .-.... Total Scientific Faculty
Jther Scientific. a Tp

Graduate Student (1) = °°
Mechanical Engineer, 1/4 time
Slectrical Engineer, 1/4 time

.._. Total Other Scientific
Pechnical hs Te
.. Machine and electronic shops

ehery 0 cr, nib ded LUE
Administrative and secretarial
~~ TOTAL salaries =

Indirect Expenses = i
“wie! Qverhead at hh ° 6% ea £7 LEE gp ditt tT pre,

 ne meeell53(on$18,000)
Fringe Benefits af , 52 (on 20,517)
 TOTAL indirect costs =
fravel © wih CORSA
Jomputer time, 8 hrs. at 17Q/hr. edn
Shop materials, electronics components, other expendables
Japital equipment: Modificationofelectromagnetfor =:

~~ hydrocarbon polarized proton target

FY T1 FYT72

6,000
12,000

20,667

6,500
2,889
13,000

23,384
(2) 10,700

| 77229
ris 4 EOIDOD ree ss die «20100

(1000 hrs. at 6.50/hr.) 6,500 (1700 hrs.) 11,000
TT 38,51T TT. 55,589
17,179 © 0 25,239

sun 2 (on $19,500) |
3,533 (on 37,049) _4,495

~ 20,712
5,000

- 1,360
10,000

| 29,73¢

 5,000
{8 hrs.) 1,360

 0 "10,000
Power supply,
microwave equip-
ment, electronics
and cryogenic

__ equipment 46,500
"41,3560 - 62,850

100,589 149,183

25,000

TOTAL operating costs
[OTAL SALARY AND OPERATING BUDGETS

CAPITAL EQUIPMENT, FY72: We estimatethecostofa polarized proton target, including the
magnet system, cryogenlcs, microwaves and electronics at about $250,000.
In FY72, we request $150,000.hh
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Asymmetry and Differential Cross Section for Elastic Scattering
of XK Mesons by Polarized Protons

. . . ¥*

at 1.54 and 1.71 GeV/c.

G.A. Rebka, Jr., J. Rothberg! A. Etkin, P. Glodis, J. Greenberg,

V.W. Hughes, K. Kondo]! D.C. Lu;
S, Mori, and P.A. Thompson

Gibbs Laboratory, Yale University
New Haven, Conn.

Abstract

The asymmetry and differential cross section for elastic

scattering of xt mesons from polarized protons have been meas-

ured at meson momenta of 1.54 and 1.71 GeV/c, and these new

data have been included in an energy independent phase shift

analysis. The P3/0 wave obtained displays some resonance-like
character.

* This research was supported in part by the U.S. Atomic Energy
Commission.

/ oo

t Present address, University of Washington, Seattle, Washington.

tt On leave from University of Tokyo, Tokyo, Japan.
¥

=



b _Ze
yy

Search for strangeness’S=+1 baryon states has drawn atten-

tion to the study of the x* meson-proton interaction. Measure-

ments of the total cross section with precision, photoproduction
of K mesons, 2 backward elastic scattering, 3 and elastic scat-

tering below 1.5 GeV/c with subsequent phase-shift analyses of

these data initially suggested such resonances might exist; how-

ever, measurements of the inelastic cross section and further

analysis” cast doubt on their existence. Recent investigation

of the elastic channel Belen 0.86 and 1.91 GeV/c using polar-

ized targets’ T has indicated a resonance-like behavior for the

Ps /o partial wave, but has definitely precluded substantial reso-
nance in other partial waves of this channel. We report? meas-

urements of the asymmetry and differential cross section for

elastic seabhering of kK mesons from polarized protons for meson
momenta of 1.54 and 1.71 GeV/c, and the results of an energy-in-

dependent phase-shift analysis which corroborate other recent
studies of the elastic channel.

The experimental arrangement is shown in Fig. 1. xt mesons

with a #2% momentum interval from the partially separated beam

no. 5 at the AGS at Brookhaven National Laboratory were detected

by the telescope of scintillation counters Sl, S2, 83, and Sh,

The kaons were further distinguished from residual rt mesons in

the beam by an ethylene-gas, differential Cerenkov counter CB,
and were focused onto a 3 cm. by 2 cm. by 2.5 cm. thick LMN tar-

get” containing protons with 0.60 polarization. Of the particles

accepted by the beam telescope and Cerenkov counter, at most 0.5%
could be particles other than KX mesons. The ten! by ten hodo-

sb
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scope of scintillation counters HB before the Cerenkov counter

located beam particlesatthisplane to 5 mm. Scintillation

counter S5 vetoed events with no scattering or with one particle

scattered in a very forward direction, while scintillation coun-

ters S6 which covered the poles of the polarizing magnet vetoed

some inelastic events, guasielastic events, and elastic events

outside the angular acceptance of the apparatus.

The scattered K' mesons and protons were detected by five

banks, each of three wire spark chambers, distributed about the

perimeter of the polarizing magnet and by an array of scintilla-

tion counters paralleling the planes of the spark chambers. Each

spark chamber had a spacial resolution of 1.3 mm, vertically .and

0.6 mm. horizontally FWHM. ® The scintillation counters were or-

ganized into seven vertical sectors (RI, RII, RIII, RIV, LI, LIT,

LIII) each having ten counters. Each individual counter subtended

approximately a consent Np = 3° and corresponding counters in
the severul sectors were arranged to cover the same range of Ap.

Two 15 cm. thick water threshold Cerenkov counters, CS1 and CS2,

were also used to distinguish scattered gt mesons from protons

in the approximately 20° range of angles in the laboratory for

which kinematic distinction alone was ambiguous.
A signal formed by pulse logic frém SI, s2, 83, Si, 55 pro-

vided the initial trigger for an event which opened the gates of

a DC logic system? to the scintillation countersoftheseven

sectors, as well as the hodoscope HB. The logic was formed into
two tables, the sector table and the coplanarity table. The sec-

tor table was set to require one and only one particle detected



on either side of the incident beam, while the coplanarity table

was set to require these events to be coplanar within 15°, If

these conditions were satisfied, as well as a signal S1, S2, S83,

sl, S5, S6, CB, then the spark chambers were triggered and their

output, the state of the DC logic tables, the state of the DC

logic .observing HB, and the pulse heights in all Cerenkov counters

CB, CSl, and CS2 were entered into a PDP-8 computer, which edited

and transferred the data to magnetic tape and the BNL "on line"

PDP-6 for analysis.
Two Kinematic reconstructions were computed for each event.

The first reconstruction assumed a K meson had been elastically

scattered to the left. From the coordinates established by the

 FP

spark chambers, the trajectory of each scattered particle was

traced through the field of the polarizing magnet to determine

the point of interaction in the target to 6 mm. Using these

trajectories and the point of Lnberastion, the horizontal and
vertical scattering angles of each scattered particle were estab-
lished, whe seatbering angles expected for a recoil proton on the
right were computed, and the differences between the actual angles

for the particle on the right and these predicted angles, AB and

ABy;» were determined. The reconstruction was then repeated as-

suming a K meson had been elastically scattered to the right, and

both solutions given equal weight in the analysis to follow.

For identification of the particles and separation of elas-

“a : hi
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tic events from background, reconstructed events were combined in
&gt; . |

each range of A(cosor) = 0.1 to form a density of events as a

function of Af., and A8,. This density contained a sharp peak at



 wr

the origin corresponding to'correctly identified elastic events

and a second broad peak displaced in AB corresponding to SARoT

rectly identified elastic events, The average density was com-

puted ignoring the region of the misidentification peak, except
where the two peaks merged and the kinematic ambiguity was re-

solved by the water Cerenkov counters CS1 and CS2. Samples of

the density are displayed in Fig. 2 for (a) forward, (b) middle,
and (c) backward ranges of coso The angular width at half

maximum of the elastic peak, which resulted primarily from small

angle scattering in the target, is seen to be 1/2° in the favorable

middle range (b), but to broaden to 1 1/2° in the forward range

(a) where the momentum of the recoil proton is small. The in-

creased background observed in the backward ‘(c) region was due

primarily to the misidentified forward quasielastic scattering.

The background was extrapolated to the origin using the region

indicated between the arrows and subtracted, and introduced a

systematic error less than £0.02 in the asymmetry and #4% in the

differential cross section except for the most backward points.

From the 5500 elastic events gathered at 1.54 GeV/c and

6900, at 1.71 GeV/c, the left-right asymmetries have been deter-
mined for each range of A(cosp = 0.1 covered, and are displayed

in Fig. 3(a) and (b). Since the polarization of the target pro-

tons, which averaged about 0.60 and was measured to an accuracy

of +0,03, was reversed at least three times at each momentum, the

 a
Hey
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asymmetries were determined on each side of the. apparatus inde-

pendently without recourse to the acceptance and efficiencies.

These two independent measurements were a convenient check on the

CO
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consistency of the experiment. The errors shown are purely sta-

tistical and do not include possible systematic error in subtrac-

tion of backgroundorerrorin polarization of the target.

The differential elastic cross sections displayed in Fig.

3(c) and (d) were determined from the fraction of events which

occurred in the central portionofthespark chambers where the

acceptance and efficiencies could be well established. Because

of uncertainty in these factors and ‘in the subtraction of back-
ground, the errors ndieated in the figure include a *7% error in

the cross sections, in addition to the statistical error, but do

not include a possible 5% erTOr in normalization. |

An energy independent phase-shift analysis for the elastic

channel of the Kt meson-proton interaction has been made for 10

incident A. momenta between 0.778 and 2.00 Gev/c. In addition

to- the new data presented above, all published data on asymmetry

and differential cross section in elastic scattering, ©7211 total

Cross sections,’ inelastic Cross sections,” and real parts of the
forward elastic amplitude were used in the analysis. For each

momentum except 0.778 GeV/c, at least one measurement of asymmetry

was available, The analysis was restrictedtos,P, and D waves

below 1.4 GeV/c and S;, P, D and F waves above, for these were

sufficient to fit the experimental data. Since the rate of an-

gular variation was restricted by the number of partial waves,
measurements of the asymmetry and differential cross section at

two or three angles were statistically combined. for most of the

published data to make computations less cumbersome.
E 4

Sets of phase-shift parameters yielding minima in v2 were

 Hy



found by randomly searching a domain for a set with x s 15,

where P is the number of pieces of data, and then by systematically

minimizing y° for such candidates. The domain of parameters for
random search at each momentum was established by extrapolating

from solutions at the momenta immediately lower; however, 1f any

solutions appeared near the edge of this domain, it was expanded

accordingly. This procedure, itself, constituted a loose condi-

tion for a smooth variation of parameters with momentum. The do-

main for the lowest momentum at 0.778 GeV/c was established from

the results of ‘Goldhaber et 21, 12 to which solutions were re-

quired to connect smoothly.
At each momentum 100 sets of phase-shift parameters which

yielded 2 2.5 vere obtained. 13 These were found to cluster

in a limited region of the Argand diagram for each wave, and

formed a density of solutions which appeared to peak. Over-all

momentum-dependent solutions were constructed from these by

selecting sets which yielded the minimum pathl? in scattering-

amplitude space weighted by wv. Three such solutions which are

distinct have been obtained, and are compared to the present

i gd

3

data by the curves in Fig. 3, where the agreement appears satis-

factory. ‘They also agree with the other individual items of

data which have been used in the analysis, and yield ¥C/N&lt;1.5,

where N is the number of degrees of freedom, for the totality of

original, uncombined data at each momentum except 1.37 and -1.89

GeV/c for which ALT eSTIONY eppears considerably less satisfactory
and systematic error in the data might be presumed.

The behavior of the scattering-amplitudes for the three
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solutions is similar. for momenta below 1.4 GeV/c, where, most

strikingly, the Ps /o amplitude describes a counter-clockwise half
circle in the Argand diagram as displayed by Fig. h(a). Such

behavior could be consistent with a Ps /o resonance in the KP
system, However, above 1.5 GeV/c, behavior of the solutions

becomes qualitatively different and, for II and III, becomes

rather uneven, As an example of the behavior of the three solu-

tions, Solution I is described in detail by the curves for &amp; and

n in Fig. 4(b) and (c). |

The solutions in this analysis are compatible with one ob-

tained by Bland et a1. tt (AT) at 0.78, 0.86, and 0.96 GeV/c;
with two obtained.bytheCERN group’ (their solutions I and II)

below 1.45 GeV/c; and with one obtained by the Argonne group’
(their solution I). Resolution of the ambiguities which remain
in all these analyses of the xtp elastic channel and, particularly,

verification of the tantalizing behavior of the Pg, amplitude must
necessarily await more copious data on the.asymmetry and differ-
ential cross section for elastic scattering of KT mesons from

polarized protons with meson momenta above 1.5 GeV/c.

RS

‘We wish particularly to acknowledge the important work of

S. Dhawan in the design and construction of the electronics sys-

tem. We also gratefully acknowledge the contributions:ofA. Disco,
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in computing the real part of the forward elastic amplitude. We
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Figure Captions

Fig. 1. Experimental arrangement: T, ILMN target; S1, S2, S3, Si,

$5, and S6, scintillation counters; HB, 10 by 10 scin-

tillation beam hodoscope; CB, differential ethylene gas
Cerenkov counter; RI, RII, RIII, RIV, LI, LII, and LIII,

scintillation trigger hodoscope, 10 counters per sector;

CS1 and cS2, water Cerenkov counters, The cryostat,

polarizing magnet and wire spark chambers are indicated.

Density of events yornus deviation from elastic predic-

tion showing the elastic peak and background for both

signs of polarization in three ranges of coo. The
arrows indicate the region used to extrapolate background

to the origin... The increased width of the peak 5 (a)

résulted from small angle scattering of the low-momentum,

recoiling protons, while the increased background in (c)

resulted from misidentified quasielasticandinelastic

events, =

ssyranetyy and differential cross section for elastic

scattering of Kt mesons from polarized protons at meson
momenta of 1.54 and 1.71 GeV/c in the laboratory. The

errors shown for the asymmetry (a)and (b) are statistical

only; — the errors shown for the differential
cross section (c¢) and (d) are statistical uncertainty

plus 7% uncertainty in the outlines of acceptance and

efficiency. An additional 5% error is estimated for the
:

scale of the differential cross section. The several

curves shown represent the predictions of solutions I,

4
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1 ~~

II, and III of our phase-shift analysis.

Phase-shift analysis for the K'P elastic channel. (a)

shows Argand diagrams of the P30 scattering amplitude
for our solutions I, II, and III which describe counter

Fig. 4,

slonlrise half circles. The complete behavior of solu-

tion I is given by the phase-shifts and elasticities in

(b) and (c) for the S, P, D, and F elastic amplitudes.

Solutions JI and III are similar. Points below 0.8 GeV/c
are from S. Goldhaber et al, Ref. 12.
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AGS PROPOSAL

PART IT

From: V. W. Hughes and G. A. Rebka (correspondents)

R. Ehrlich, D. C. Lu, S. Mori, P. Thompson,

K. Kondo, M. E. Zeller - Yale University

Subject: Measurement of the polarization asymmetry

in elastic scattering of xt and K mesons from

polarized protons with meson momenta between

0.7 BeV/c and 1.2 BeV/c., Search for S = +1

baryon states; K™p interaction, including
resonant states.

Beam: Use of low momentum separated KX beam derived

from the slow external proton beam.

K momentum range 0.7 BeV/c to 1.2 BeV/c.

425 hours of AGS time.

Detectors: Hodoscope system .of scintillation

counters

Scattering Target: ILthylene Glycol Polarized Proton Target

September 30, 1969
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PURPOSE or EXPERIMENT AND EXPECTZD RESULTS

(A) Kp Asymmetry and Differentia) Elastic Scattering CrossSection Measurements

Within the past year, Stimulateqd by the great interest

in the question or Whether an § = +1 baryon state exlsts, much

Progress has been made in the understanding of the Kp inter-

action. This has been accomplished Principally by measurements
of the asymmetry (or Polarization, P) in the elastic Scattering
of kt mesons by Polarized protons, and also by additiona)]

measurements of the differentia} Cross sectio for elastic
Scattering, dy /dq. Based on Yhens new data Several new Phase
Shift analyses have been done,

J Polarization measurements have been reported as follows:

(1) Fron CERN? »2 in the xt momentum range fron 0.86 GeV/c to
1.45 GeV/c and at 2.48 GeV/c. fTheip statistical accuracy in

the measurement of P rop the two kaon momenta studieg below

1 GeV/c (865 Mev/c and 971 Mev/c) 1s. between about +0.15 to
$0.25 over most of the angular range.

(2) . From Argonne by an Argonne-University of Maryland group
at four points in the range rrop 1.37 GeV/e to 1.89 gev/ec,

(3) From Brookhaven Nationa) Laboratory by oup group” at K+
momenta of 1.54 ang 1.71 BeV/c. Within the next few months
our 4.6.5. experiment no. 390 will be completed and Will produce

additional measurements of P in the K+ momentum range from
1.2 to 2.4 Bev/e,

{One CERN and BNI, experiments mentloned above have also provided
data on dy/dn at the momenta studqieq
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All three groups have made phase shift analyses based on

J essentially all of the data available at the time of their

publications on polarization, differential cross section, inelas-

tic cross section, and total cross section. In order to fit

the data up to2 BeV/c, S, P, D, and F partial waves are required.

All three solutions are in rough agreement. - Our soluticn and

that of the CERN group are based on more of the recent data

and agree quite well. Several features of the CERN and Yale

solutions can be mentioned. The most interesting one 1s the

behavior of the P30 partial wave whlch describes a counter-

clockwise half circle in the Argand diagram crossing the

imaginary axis at a momentum of about 1.5 BeV/c, thus suggest-

. ing the nossihla existence of a Ps /o resonant state. Both the

O cer ana Yale solutions exhibit somewhat erratic (or discontin-

uous) variation of the Sq /p partial wave with momen tum, which

suggests some systematic errors in the experimental data. The

Py /0 and Py /, waves are important above 700 MeV/c, and they
become inelastic above about 700 MeV/c. The D waves are small

below 1 BeV/e, and the F waves are small below 1.5 BeV/c.
We propose to measure with high ACCUTACY the polarization

in K*p elastic scattering in the range from 0.7 BeV/c to 1.1
BeV/c at 8 K™ momenta. The new high intensity kaon beam being

developed from the slow extracted proton beam will provide at

present : unique facility for such a high precision experiment.
No polarization data exist for momenta below 0.86 BeV/c and the

rN accuracy of existing data from 0.86 BeV/c to 1.1 BeV/c is rather

J)
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5.4 BeV/c, and can be regarded as an extension of our present

AGS experiment no. 390 (x momenta from 1.2 to 2.4 BeV/c).

We also simultaneously will measure 82. to high accuracy.
Accurate data on P and d5/dn over a wide energy range are

most important to obtain a unique and accurate phase shift

analysis.” Hence the data we propose should aid considerably

in determining a reliable phase shift analysis. In particular

clarification may be provided on the erratic behavior of the

Sq /o wave and on the transition of the P10 and P32 waves from
elastic to inelastic. Since the possible resonance -like

behavior of the P30 wave 1s of the greatest interest and since

Dine P3 so wave 1s appreciable in the range from 0.7 to 1.1 BeV/c,
it is important to determine its behavior as accurately as

possible in this range.

A more accurate knowledge of the phase shift parameters

characterizing the interaction of the Kp system will also be

weelul For the application of finite energy sum rules or super-

convergence relations, which relate the low energy parameters
of the interaction to the high energy pehavior.© A more detalled

discussion of this application is given in section 1B where it

is. applied to the Kp system:

12



13 Kp Measurement

The K'p system in the incident K momentum range of 0.7

to 1.2 GeV/c (invariant mass range 1650-1890 MeV) contains a

wealth of resonant structure which has been examined only sparsely

with respect to polarization phenomeng | We show in Table I

the present status of the resonances in this region including

their "rating" as established by Levi Setti at the recent Lund

Conference.) We note that the spin assignment of the (1870)

is still vacillating between 3/0 and 7/2%, the A(1800) requires

confirmation, and the 5(1760), while assigned a B rating, needs

further investigation. A Kp elastic scattering polarization

measurement will give information which will aid in the resolu-

| tion of these problems.

. In addition to this resonance study, a Kp polarization

measurement will be useful in determining the parametrization

of the slashle SOREUETiNg channel. In the past different approaches

wave Look Laken in this parametrization. Specifically, Armeteros
et 21.8 nave assumed certain waves to be pure background with

a scattering amplitude described by a complex number having slow

linear variation in incident kaon momentum. These authors then

assume that the résonant waves contain no background and can be

described completely by the Breit-Wigner form with appropriate
— widths and elasticities. in contrast to this formalism,

Lasinski - et a1 .1%parametrize each 1sospin amplitude by a linear

combinationofdiffractivebackground and resonant contribution.

Here the background is a complex function of incident kaon

momentum multiplied by an exponentially varying function of

17s



momentum transfer. The resonant contribution is again of the

Breit-Wigner form. These two formulations both successfully

fit the existing differential cross section dataTtFyyuthave
never been tested with polarization measurements. |

Work is presently being done on finite energy sum rules

(FESR's) which can be used to relate Integrals of scattering

amplitudes over a finite low-energy region to Regge-Pole

parameters as determined by high energy behavior 13-14 Thus
detailed Inowledsze off the Kp amplitudes at low energies, even

in the presence of resonant structure, can be used to check

the Regge -Pole parametrization for higher, non-resonant, energy
regions. Such predictions have been made in the Kp system by

Dass and Michaecl.15 However, as they noted, their low energy

Input amplitudes were not a unilque representation, as they were
Oicriveq from total and differential cross section measurements

only below 1.1 GeV/c. In short, improved knowledge of low

energy amplitudes, via polarization measurements, is necessary
before these calculationscanbemadereliable. |

Recent interest in a Kp polarization measurement has been
demonstrated at the Lund Conference in the Rapporteur talk on

Strange Baryon Resonances &gt; In this summary of the present
status of the KN system it was stated that good polarization data

in the 0.8 - 1.2 GeV/c region are "urgently needed." Such data

willl be useful in resolving some of the ambiguities in the

numerous partial wave analyses that exist at present.
As in the Kp case, the anticipated intense kaon beam

ying constructed at the A.G.S. will provide a facility

3
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for making precise measurement of the K p system in the above

b..) momentum range. Since the data are obviously needed, and silnce

a pure, high flux K beam will be available, we propose to measure

the "left-right" asymmetry in elastic scattering of K mesons

from polarized protons. We will also measure the differential

cross section in the angular region accessible with our apparatus

to an accuracy comparable with previous measurements.

A



TABLE I

strange Baryon Resonances Reported at the Lund Conference 1969

1 (1670)

(1760)
2 (~1800)

A (1870)

A (1690)

(1660)
1 (1830)

 n (1765)

1 (1820)

~(1915)(Qo)
(2026)
x (2100)

J

1/2"
1/2"
1/0
3/21
3/2"
3/2"
5/2"
5/2"
5/2"
5/2"
7/2"
7 oF
7/2"

Width

23

20

20

70

27

30

145
112

12

50

49
130.

145

Br. Frac.
To Elastic

17%
13%
20%
2 1%

75%7°

8%
Wha
65%
10%
10%

13.5%
30.5%

Rating*

1963 1069A A

—~ B
~
\/

~
oJ

A

A iY

BD n

nh

3

y

~
2

 cd
~
J

i

The rating system 1s:

A = well established

B = good evidence but in need of confirmation

C = shaky evidence

T = failed

ry
The J of the A (1860) is not yet firmly established.
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GEN ERAL DESCRIPTION

a Our experimental program is to measure the polarization

asymmetry and differential cross .section for elastic scattering

in the incident kaon momentum range 0.7 to 1.2 GeV/c. For

Ktp scattering we shall make measurements at 8 points (0,70, 0.75,

0,80, 0.85, 0.90, 0.95, 1.00, 1.10 GeV/c), while for Kp we

anticipate 11 points evenly distributed throughout the momentum

band in 50 MeV/c intervals. The angular resolution will be +2©

which is sufficient to produce an elastic peak 5 times that of

the quasielastic and inelastic background and to identify kine-

matically the X mesons and protons except for an angular region

where such identification is ambiguous. The ambiguity in this

region is resolved by particle identification with Cerenkov

(counters. The polarization asymmetry willl be measured at all
"available angles. As discussed below, the angular range will
ts limited by small angle scattering and energy loss in the

target; however a significant experiment can be conducted within

the available range, -0.90 &lt; cos &lt; 0.85. A total of approximately
2.b x 107 K STRNLS will be collected for each momentum.

Assuming an analysis of those events into 20 angular bins,
and a polarization of the target of 0.60, then a typical r.m.s.

statistical error in the asymmetry of +0.,02 is expected for

Kp scattering and an error ranging from 20.02 to *0.08 for

Kp scattering. These data will be significantly more accurate

than existing avn tey Ten Trenmle at other kaon momenta; no

asymmetry measurements at all have been made over most of the
©homen tun range to be studied.

)8]



A measurement of the differential scattering cross section

is also provided simultaneously by the data to be obtained. The

accuracy in the determination of ds5/dn will be better than 5%.

(A) Instrumentation

k

A schematic diagram of the principal elementsoftheexper-

imental arrangement is shown in Fig. 1. The separated beam of

K" or K mesons will be derived from the external primary target

for the slowly extracted eam 20 A further separation of the

kaons from the residual = mesons, protons,orantiprotens will

be performed with a differential liquid Cerenkov counter. The

incident beam will be tagged and its divergence angle determined

by a scintillation counter hodoscope immediately following the

final quadrupole magnet of the beam.

The polarized target will be an ethylene glycol target

(1" x 1" x 1") in size.t! our present target being used in

AGS no. 390 1s an IMN type polarized proton target; this target

will be converted to an ethylene glycol type. target, where the

principal change involves operation of the magnet at 25KG
rather San 19kG. "A proton polarization of 0.6 has been obtained

with the ethylene glycol target and the ratio of free protons

to pound (muelear) protons is much more ravorable than for the

LMN target. The absolute polarization of the target _ be

measured with an accuracy of about 3%; however the relative size

of the polarizationinoppositedirections can be determined

with considerably greater accuracy.

Botli of the final state particles are detected by a scin-

tillatlon counter hodoscope system appropriately placed around

14



“the polarized target magnet. This hodoscope system subtends

approximately 230° of polar angle and 30° azimuthal angle in
the lab. The system involves approximately 200 counters and

gives an event by event resolution of 6 msr. Thils counter

technique has been chosen over the spark chamber method used

in AGS experiment no. 390 because it can be operated at a

higher rate while maintaining a resolution consistent with the

uncertainties imposed by multiple scattering and energy loss
by the final state particles. We 2150 note that due to the

more RL kinematic conditions of a low incident momentum,

the resolution need not be as good as at high energies to

separate adequately the quasielastically scattered background

from the elastic signal

(B) Region of Kinematic Ambiguity

or)

As mentioned above, a region of ambigulty exists in the

kinematic identification of the scattered particles. The mag-
nitude and location of this ambiguity region for xT p elastic

scattering .can be seen in Fig. 2 as computed for mesons with

0.9 BeV/c incident momentum. Similar curves for other momenta

vary in detail, but are identical in character. If a particle
fron ati elastic scattering 1s detected in a left-hand hodoscope

at the angle in the laboratory shown on the ordinate, then the

particle going to the right will appear at the angle in the

laboratory on the abcissa indicated by one of the two central

curves Benin on whether the left hand particle is a KT meson

or —r— Bending of trajectories due to the Sp for the
polarized target has been includedinthesecalculations. The

/ [4



‘pands 1ndicate the consequence of finlte angular resolution

of the system, including the effects due to size of counters,

size of target, and multiple scattering; hence thelr inter-

section defines the region where kinematic identification is
ambiguous. Tig. 3 gives a plot of the xt HORN laboratory

angle against 1ts center of mass angle,where the crosses indicate

the limits of the ambiguous region. Also plotted are the g's

for the xt A and proton agalnst the Kt meson center of

mass angle. From these we conclude that appropriate threshold

Cerenkov counters can be used to resolve the ambiguity.

For K p scattering, the field of the polarized target

magnet bends the trajectories of the scattered particles in

opposite directions. This effect removes the above mentioned

ambiguities. Figure 4 demonstrates the situation for Kp

in a manner equivalent to Figure 2 for Kp, As can be seen,

there is no region of kinematic ambiguity for K p.

(C) Angular Acceptance

The low momentum recoil proton for small angles of K

meson scattering and the low momentum K meson for lsrme angles

of scattering suffer substantial multiple scattering and loss
of energy. Using the criterion that the overall r.m.s. uncer-

tainty of angle due to small angle multiple scattering and

uncertainty in the trdjectory resulting from loss of energy be

less than 5° for events from the entire target, the maximum

and minimum values of cospp" between which data may be collected

are plotted in Fig. 5 as a function of incident momentum of the

K mesons. Evidently a significant experiment can be conducted
9
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(D) Time Required

The time required for a measurement has been estimated

using the anticipated intensity of the beam which has been

designed with a +2% momentum bite and a *0.2" horizontal

image. 16 However, for our proposed experiment the momen tum

bite must be reduced to 1.5% and the horizontal image must

be increasedto*0.5"to reduce the divergence of the beam.

Hence we have assumed that only 3/4 of the particles in the

beam can be used and that the useful intensity will be 3/4 x

1.5 x 10° xt mesons per burst of 10% protons. Using the

data of Cool et 21.38 we anticipate that the K™/kt ratio in

our momentum interval is 1/4. We therefore expect a useable

flux of 1/4 x 3/0 x 1.5 x 10° K~ mesons per burst of 10+°

protons.

ky For Kp we have used a typical integrated elastic cross

sectionof12mbforthisrangeofmomentaandhave estimated

that 1/7.5 of the elastic events will be accepted by the counters.

In the case of Kp estimates, we have performed calculations

using the phenomenology described by Armenteros et a1. to
obtain some ldea of rates, polarizations, and sensitivities

to various resonances. We have also used the results of Daum

et a1.39_ a measurement of Kp polarization and differential

cross section in the region 1.4 - 2.4 GeV/c - to estimate back-

grounds. Based on the above considerations, we present Table IT

which outlines the details of the measurements and Table ITT

whlch gives estimated runing time,

J



TABLE IX

Experimental Dctaills

Incident beam intensity

(Particles/10%° protons)
Detected events/pulse

oD i(Assume 101° particles/pulse)

Events/hr
(Assume 1500 pulses/hr)

x" K~
1.1 x 10° 5.8 x 104

3 J A

2.9 10% 1.% x 10H

Hrs/momentum point

Events/momentum point

Number of points

O:atictica accuracy/point
a) Polarization
bh) Cross section

5.8. 10°

£0.02
1%

2.5 x 10°

F

£0.02—£0.08
1.546 - 5%

TARIE TIT

Time Estimates
(Times in Hours)

K

“U81) Collection of data
2) Set up time/momentum point

(4 hr/point)
Reversing polarization
(1/2 hr/ rcversal)

}} Background measurement
5) 10% separator breakdovm

K-
100

=P It ly

25
(3 reversals/point) (5 reversals/point)

10 25
2910

Total 112 hr 313 hr

Total hours Cor Kp and Kp experiments: Loy hrs

; 13
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,o FACILITIES REQUIRED FROM BROOKHAVEN

In addition to the use of the low momentum Separated beam

from the external Primary target for the time indicateg and

assistance for rigging our apparatus into Position, the follow-
ing major facilities will be required,

Polarizeg target

1) 60 ampere, 208 volt, 3p 4 wire v services - 1 unit
2) 100 ku power supply for magnet

3) 50 gallon Per minute, 90 psi cooling water - 1 unit

4) 20 ampere, 208 VOlt, 3p, 4 wire v Services - 1 unit
5) 20 ampere, 110 volt, ly services

~ 3 units

Counters

1) trailer With air conditionep

2) 20 ampere, 110 volt services

3) tektronix 585 Oscilloscope
4) model 100 frames

5) NIM bins

6) Dual discriminatops (11101)
7) Dual discriminators (New type)
8) And/or (M102 op 103)
9) Dual Ang (M107)

10) Dual Fan-In (M112)
11) Dual Fan-out (1108)
12) ‘Dual Nanoamp (11106)
13) Linear Gate (11116)
14) bp, ¢, Mixer
15) 100 MHz qual Scalers

1 unit

~ 12 units

- 2 units

- 5 units

- U units

= 10 units

= 2 units

~ 6 units

= U4 units

- 2 units

~ 1 unit

- 4 units

oy 2 units

— 6 units
I uni ta

J



16) 10 MHz dual scalers
17) Delay box

18)© 3 K volt, 40 ma power supply

- 10 units

a 10 units

10 units

On Line Data Facility

A PDP-8 computer will be used as a satellite to

the PDP-6. We would expect to use about 40,000

memory words in the PDP-6 and about 1 second of

processor time per AGS burst. We would expect

to have a line printer and oscilloscope readily

available as well as 2 IBM magnetic tape drives,

two ‘dec~tape units and the use of about 50,000

words on the magnetic disk.
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AGS PROPOSAL

PART II

From: V. W. Hughes and G. A. Rebka (correspondents)

R. Ehrlich,K.Kondo,D. C. Lu, S. Mori

P. Thompson, M. E. Zeller - Yale University

Subject: Measurement of the polarization asymmetry in
elastic scattering of antiprotons from

polarized protons for incident momenta

between 0.7 BeV/c and 0.8 BeV/c. Study of

diffractive behavior and possible resonance

formation.

Beam: Use of low momentum separated Pp beam derived

from the slow external proton beam.

P momentum range 0.7 BeV/c to 1.2 BeV/c.

175 hours of AGS time.

Detectors: Hodoscope system of scini”llation

counters.

Scattering Target: Ethylene Glycol Polarized Proton Target

September 30. 1969
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1 Introduction

The pp system has intrinsic interest from at least|two

standpoints. IT can provide means for studying the readantihs
of hypothetical high mass bosons, with high mass resolution,

whose existence (or non-existence) is important to various

particle classification schemes. Secondly, as a consequence

of the many avallable inelastic channels, the elastic 7has
a "diffractive" appearance even for very low incident momenta.

A CERN groupt has analyzed both &amp; ang the polarization
asymmetry in the region 1.73 ~- 2.97 BeV/c in terms of a very

simple optical model, with considerable success. A Caltech-

BNL-Rochester® collaboration has had similar success in des-

cribbing the backward fo. with the same model in the region
0.7 to 2.16 BeV/c, using optical parameters which vary only
gradually with energy. Optical models of this sort can provide

a standard with which one can contrast models involving res-

onance formation; e.g., an "unreasonable" energy dependence
of the optical parameters will emerge in the presence of

significant resonance formation, if indeed an optical model

will fit the data at all. Figs. 1 and 2 show typieal expecta-

tions for ang polarization on the vole of Ref. 2's model.

2. Experimental goals
* “ I ¥i ow 2 +

The proposedppexperimentwould,liketheKpexperiments,

use the projected separated beam, derived from the slow extracted

beam. The avallable momentum region would then correspond to

0.7 BeV/c«p « 1.2 BeV/c. This corresponds to.a mass range

PIA



between 1.99 and 2.15 BeV. Within this range (or near its

bounds) lie at least two suspected boson resonances. The first

object, observed by Cline et a1.,3 is reflected in clear enhance-

ments in the elastic cross section near 90° and 180°. It occurs

at an dncident 7 momentum of ~70 MeV/c and has a full width

corresponding to ~70 MeV/c. If, as 1s possible under favorable

circumstances, it were to induce a polarization reversal about

90° in the c¢.m., such behavior would automatically conflict

with the simpler optical models.
Another structure, perhaps more well-founded, occurs at

“1.1 BeV/c. It has been recently observed in the reaction

Pp — re The quantum numbers favored by the authors of

ref. 4 are 237% wt, It 1s estimated to have a mass ~2.12

BeV and width ~200 MeV. Its relation to a bump in the I=1 pp

total cross section, observed by Abrams, et al.” 1s uncertain.

The elasticity of the Abrams bump, if J=3, would be ~0.2.
While such an inelastic resonance would not radically affect

do elastic (it would enhance the elastic oPous oelien of
“30 mb by only ~0.5 mb), it could appreciably modify the
polarization for cosg &lt; 0.0. Since, however, the CERN group

has recently measured pp polarization between 1.0 and 1.4 Bev/c ©

we shall restrict our proposal to the lower energy region.

Our COA will consist of 3 measurements at ~50 MeV/c

(Am ~ 15 MeV) intervals; i.e., at 700, 750 and 800 MeV/c.

3. Experimental technigue

The experimental appartus will be largely indentical to

that described in our =o proposal. No region of Kinematic



amplguity exists, and separation of elastic from quasielastic

and inelastic events should present no problem. Because the

p rates are expected to be quite modest, we shall also be able

to apply a time of flight criterion to both the incident beam

and the scattered particles. The former condition, in combin-

ation with a threshold Cerenkov counterinvetoshouldeliminate

events induced by 7's and K's. Time of flight applied to the

scattered particles will reduce mesonic annihilation background

to a negligible level: even at 0.8 BeV/c, the velocity of

the slower scattered particle does not exceed 0.51c.

The principal experimental limitation in available center

of mass angles 1s set by the heavy ionization and multiple

scattering experienced DY both the recoll proton from small g,

and the p at large ge. We expect to obtain useful polarization

data in the range cose, ls 0.6 at .700 BeV/c. Data on Se
will likely be restricted to a somewhat smaller range.

For deriving CEEISeE of the time required we have set

a, nominal goal of an absolute polarization error of 0.1 at

cosa, = 0.0, and assuming bins of 0.1 in cosg. Asaconse-
quence we expect smaller errors elsewhere, since 4s generally
at a near minimumat~90°.

 We assume a typical p flux of 5%10° /pulse and a typical

2 ~ 0.1 mb/ster. With 60% average polarization. and a
90

detection efficiency of ~0.16, the error in polarization is:

2.0
P) ~ Sf5(P) i

So

where Nooo the number or detected elastic events, = 7.5x107% x

number of machine pulses. Thus we require 35108 1neldent nls
1)8



or ~40 hrs. of machine time to zttain the specified precision

at each momentum. Below, we summarize our machine time require-

ments.

1) data collection (3 pts) 120 hrs.
2) beam adjustment and set up 15 hrs.

3) polarization reversals 5 hrs.

Lt) backszround study 20 hrs.
5) 10% separator breakdown ~15 hrs.

175 hrs.

)



References

L
-

vy

?
) a

¢ |

5

5

¢. Daum, F.C. Erné, J.P. Lagnaux, J.C. Sens, M. Steuer and

F. Udo, Nucl. Phys. B6, 617 (1968).

J.K. Yoh, B.C. Barish, H. Nicholson, J. Pine, A.V. Tollestrup,
A.S. Carroll, RH. Phillips, C. Delorme, F. Lobkowicz, A.C.

Melissinos. and Y. Nagashima, Phys. Rev. Letters 23, 506 (1969).

D. Cline, J. English, D.D. Reeder, R. Terrell, and J. Twitty,
Phy.Rev. Letters 21, 1268 (1968).

H. Nicholson, B.C. Barish, J. Pine, A.V. Tollestrup, J.K. Yoh,

C. Delorme, F. Lobkowicz, A.C. Velissinos,. Y. Nagashima,

A.S. Carroll, and R.H. Phillips, Phys. Rev. Letters 23, 603
(1569).

R.J. Abrams, R.L. Cool, G. Giacomelli, T.F, Kycia, B.A. Leontic
K.K. Li, and D.N. Michael, Phys. Rev. Letters 18, 1209 (1967).

Private communication from J.C. Sens to V.W. Hughes.

© Ar)



0D
Elastic Cross-section

10.0 0.800 BeV/c

5.0
S—

2.0

{ .O
pri

o
~
a

&amp;
— 0.5

—
Joe

oSTT

0.2

O.|

0.05

————

 A ——
——

rem

cn—

—

———

%

¥
Y

ee

0 0.5 0.0 -0.5 -1.0 231

cos Bnim



oN
~

0.8— 0.800 BeV/c pp
&gt;

i;

or

0.6

«
oO
Ye

 Oo
N

—
O

oO
 LL

0.4

0.2

0
 0

ob
0.5

i ——
0.0

oOS 8. ys
-0.5

Ry

(


