
ANNUAL REPORT

ACCELERATOR
DIVISION

LBi a536
UC34

January 1976 september 1977

Lawrence Berkeley Laboratory
University of Calffomia Berkeley



iii

PROFESSIONAL STAFF

January 1976 - September 1977

ACCELERATOR DIVISION

Research Staft T. Elioff C. W. Leemann H. K. Syversrud

R. V. Aita H. M. Ellison E. J. Lofgren :-16 M. Tekawa

J. R. Alonso R. S. Everett F. H. Lothrop R. K. Thatcher

R. L. Anderson R. J. Force R. Main C. A. Timossi

A. C. Barnes B. F. Gavin R. M. Miller J. E. Tommaney

D. A. Bentsen W. S. Gilbert W. S. Mirer C. L. Weber

L. Besse R. E. Gisser R. G. .\l'flll't: G. E. White

G. S. Boyle J. Glatz J. M. Palmatier ~1. D. Wolfe

J. P. Brannigan G. R. Gray J. M. Peterson F. W. Yeater

R. W. Brokloff H. A. Grunder D. D. Pohl E. Zajec

A. H. Brown J. R. Guggemos R. E. Purvis ~1. Zisman

G. M. Byer C. W. Hatch R. M. Richter Administrative

N. D. Cash C. H. Hitchin J. B. Rechen Staff

V. Cherniak J. Howard R. C. P. Sah C. S. Feole

W. W. Chupp J. H. Johnson W. S. Salsig S. Gil

R. Coates R. M. Johnson D. W. Schmeyer L. B. Hill

B. B. Cork O. J. Jones L. Schroeder B. H. Jeung

D. N. Cowles J. G. Kalnin" T. B. Selph A. Z. Sando

K. C. Crebbin L. L. Kanstein L. J. Skvarla K. E. Williams

T. L. Criswell D. Keefe J. F. Smith J. A Zelver

D. J. Crooke E. L. Kelly J. W. Staples

E. E. DeHartil" G. R. Lambertson R. Stevenson

M. Donald B. Leemann E. W. Stuart



i\.'

ELECTRICAL ENGINEERING MECHANICAL ENGINEERING PLANT ENGINEERING

I . .J. Barale R. K. Abbott L Bo~C'n

D. A. Brodzik R. T. Avery II. Iluhhd 1

.,. ~f • Cox G. U. Behrsing ". D. '·Iore

A. Faltens A. R. Byrns 1\. Pupel1uck.

C. H. Felts T. Chan T. ~I)'hr~ r

\, . S. Flood E. DeGuzman .J. ~icholas

1'. Freda W. F. Eaton II. Dan i L'] S

R. Frias A. J. Ferrari

L C. Hartwig A. Glicksman

1.,1. Eo Hearn Eo H. Hoyer

J. Holl Y. Kajiyama

L. 1'. Jackson A. H. Kennedy

:<. Lancaster A. Lake

.1. Lavelle S. Hagyary

D. Rohde R. B. Meuser

R. 1-;'. Sorensen B. Neyer

A. Stahl It. :, i SSL'J1

(;. Stover J. Porter

F. Voelker R. Reimers

II. W. Voge.l R. P. Singh

J. T. Tanabe
ACCELERATOR THEORY

F. L. Toby
A. A. Garren

R. W"lrren
L. J. Laslett

R. C. Wolgast
L. Smith

R. Yourd

file:///issen


v

FORWARD

This report covers the period from January 1, 1976 through

September 30, 1977. These twenty months saw not only the con­

tinuation of the Accelerator Division's es~ahlished programs,

but also the blossomjng of PEP as ground was broken for major

construction, and the introduction of a hrand new effort in

heavy ion fusion. A panel of distiaguished scientists reviewed

the Division's programs in May 1977, part of the annual peer

review process. The status of the Division's many programs are

detailed in the following pages.
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BEVATRON/BEVALAC

Inaugurated in August 1974, the Bevalac passed its initial

year and a half with a respectable record of research accom­

plishments, in spite of start-up challenges at the Bevalac and

substantial modifications in progress at the SuperHILAC. During

the period of this report -- January 1976 to October 1977, the

emphasis at this national accelerator facility was to log as

many research hours as possible. This goal was met with out­

standing success, providing hard evidence of the reliahi 1 i ty of

the Bevalac connection. Out of a total of 9809 research hours

scheduled, 8201 hours were run, for iln r-fficiency of 83%. For 8

months of the 20, the machine was shut down; about half of the

down time was due to budgetary limitations.

The established divisiop of research time for the two major

programs at the Bevatron/Bevalac was maintained: two thirds of

the time is all otted to nuclear science and one-third to bio­

med i ca 1 research. A speci a 1 agreement betwee!! ERDA and NASA

allocated 300 hours of beam time for NASA calihration studies.

The machine operated approximately 80% of the time ~n the

Bevalac configuration, using the SuperHILAC as the injector,

with beams of lithium, carbon, neon, argon and iron. The

Bevatron's 20 MeV injector supplied beams of protons, alpha par­

ticles, lithium and carbon for the remainder of the research
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time.

During the 20 month period of this repc··t, a total of 48

nuclear science experiments received beam, 22 of which were com­

pleted in this time. Biomedical research, which typically in­

volves short exposure times, represented 70 experiments, 29 of

which were completed. About half the research time was devoted

to outside national and international users.

Research time is assigned after research proposals are re­

viewed and recommended by either the Biology and Medicine or

Nuclear Science subcommittee of the Bevatron/Bevalac Program

Advisory Commi ttee. These commi ttees meet in the spring and

fall each year.

The weekly 'l.nd quarterly operating schedule for both the

Bevatron/Bevalac and the SuperHILAC is coordinated hy the

accelerator operations staff. Although h~dget has severely con­

strained operations. a ch3.nge from a one-week to a tl\o-,,'cek

operating cycle produced a modest increase in availahle research

time. By running the machine for 12 consecutive days, then de­

voting two days to maintenance, start-up time is redUce'.!, ~elier­

ating an additional two to three Sllifts per cycle for research.

Beam Development

The repertory of experimental heams at the Bevalac grew hv

three, wi th Ii thium, carbon and iron .ioining neon and argon.

The Bevalac carbon beam had heen much requested because inten­

sity of carbon out of the 20 MeV injector was fairly low, This
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beam, wh i ch was fi rst del i vered to experimenters in August 1976,

has become a cornerstone of the biomedical program, since carbon

and neon ions have emerged as two of the most promising beams

for therapeutic use.

A lithium beam from the 20 MeV injector was produced in Sep­

ter.1ber 1976 [or an experiment on cluster theory. Although not

technically difficult to deliver, lithium had never been re­

quested before. In .June 1977, lithium was produced by the

SuperHILAC's EVE injector, also for Bevalac acceleration hut

with much higher intensity.

In Octoher 1976, after three days of intensive work, a '.9

GeV per nucleon iron be~m was accelerated in the Bevalac and

extracted for several eager experimenters. This much-awaited

hearn, although low in intensity (several thousand particl~s per

pUlse), was employed for cosmic ray investigations for the 30

hours of its initial availahility. In July 1977, a second iron

run was conducted, wi th better intensi ty.

The continuous effort directed at improving the intensity of

a II Be,,:! lac heams has yielded argon beams which now average 3 x

10 8 particles per pulse and neon of 2 x 109 , with peaks even

higher. Beams of argon +17 and neon +9 were also accelerated

for development studies to look at charge-exchange problems and

survi val cross sections for partially stripped heavy ions. The

tests of these hydrogen-like ions were very encouraging for the

future acceleration of elements as heavy as uranium when the

SuperHILAC's new injector and the Bevatron ultra high vacuum are
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availahle.

Additional beam development work concerned low energv -- 100

to 150 MeV per nucleon extraction studies.

experimental interest has emerged in these energie~ ,,;!Ii,'h p:Jr­

tially span the gap hetween the capahilities of the Ik,· .• trr,n·~

previous lower limit of 250 "leV per nucleon and the ",e\·er.l] 'It'\

per nucleon SuperHILAC and 88-in("h Lj"clotron. The 1:;(' '·k\/"

beam has been lIsed in the Biomedical faci I ity, and the ',10 'lci'/n

heam has I:leen e;,tracted and del i vered down the septum '·· .. /0· (>1 t"

the heam 30-1 cave. Further studies will focus 0'1 ''Iter' 111~~

the extraction system with the future ult~a high ,·,I(lIl1m.

computer model is also heing develo~'cd for use in des'!t~I·1\. .• n

ext. acti on system wi th improved efficiencv and re- dlKCd r ,ssc~

from large amplitude and low energy heams.

Ion Source Development

A duoplasmatron source opt imi ced for hea\'\' i ons ",a~ C'l!' j -.,-,,,.!

on the 150 kV test stand to ohtain a total ("urrcnt of ,-..,\ 'I

xenon and 25 rnA of argon collected 10 cm he"ond t~e ·.. 0,·._ ..
Measurements were made with a hiased Faradav cup; a !'1J!1ncti.·

spectrometer and an 18 wire beam profile measuring s,-qe"l l.ill

he added to the test stano in FY 78.

The 750 keV proton injector became operat iona I ,lnci hel' " cen

used to evaluate beams of H+l and 20~e+l. T~e quadrupol~

strength limitation in the column and transport I inc prohihits

tests of heams of mass greater than 20. Studies at the 20 'I€;\'
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injector ~€re aimed at more reliahle and intense beams of carbon

a,ld nitrogen.

Hevalac Transfer Line

Continued enllineering effort on the computer control system

for the Bevalac trano;fer line has resulted in consistently fast

;ind easy tune-lips by the operating .,taff. The control system

ha sheen viewed wi th great interest by severa 1 other labora­

tories. Mi;lOr changes have been made in the transfer line hard­

ware, sllch as installation of improved heam attenuators and beam

centroid locating grids. A troublesome quadrupole doublet ob­

tained from surrlus is being replaced to enlarge the aperture at

a critical point in the line to yield greater beam intensity.

Bev?lac Computer Status

Although installation of the ModComp computer control system

at the SuperHILAC has been the first priority, substantial pro­

gress has been made in converting the Bevatron's PDP-8 control

system to a ModComp architecture matching the SuperHILAC's.

Hardwire connections from ModComp II's were made to the magnets

of Beam 37, and several types of equipment status hardware have

been interfaced to the system. Improvements were also made in

operator control and display interfaces for the transfer line.

Del i very of the Bevatron' s ModComp IV-35 central processor is

scheduled for F, 78.
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Nuclear Science Research

Research results from Bevatron/Bevalac experiments emerged

at an impressive rate. The emphasis of much of the work

involved searching for large density effects which conceivably

arise from central nucleus-nucleus collisions. Although it is

clear that a great deal of energy and momentum is cleposited in

these collisions, no unambiguous interpretations of the data

have vet been developed to verify that non-normal, IJltra dense

nuclear material has been created.

Among the highlights of the major experiments (that is,

those set up on th~ experimental floor for several months or

more), is the work of the Po~ka~zer-Gutbrod-Stock group, an

interna- tional collaboration between GSI, UniverSIty of ~arburg

and LBL. Their measurements of t!",,- spectra of proton, deuteron,

triton and helium particles emitted in ~ucleus-nucleus

collisions led to the formulation of the "Fireball" model fnr

proton emissions and for production of composite particles.

With an enormous quantity of single particle incI1151\"e data

already produced, they are enlarging their instrumentation to

permit a more com- prehensive measurement of all events.

Another major experimental group goes under the name TOSABE,

standing for institutions at Tokyo, Osaka and Berkeley. Their

work, again measuring single particle inclusive spectra, has

produced new information of the product ion of pions wi th ener­

gies less than 100 MeV. This group has now be~n joined by
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scientists ~t Michigan State University.

I'he first results on negative pion mUltiplicity distribu­

t ions hy the UC Riverside and LBL collaboration usLlg the

Streamer Chamher, has evoked considerable theoretical interest,

and a number of models have been developed to inter- pret this

dat~.

Nagamiya-Chamberlain, another international collaboration,

bas produced suhstantial data on the evolution of pions, protons

~nd heavier particles at large transverse momenta. The spectra

of protons they have observed, with typical temperatures ranging

from 50-70 MeV, suggest that tbey origina.ed in a bot source.

The LfiI. Heckman-Greiner group has continued thei r Qxamina­

tion of projectile fragmentation in the zero-degree spectrome­

Expectations derived from their work indicate that projec-

hreilkup increases with increasing differenl in projectile

mass and target mass.

In the area of light ion collisions, the LBL group repre­

sented by Anderson ~nd Stei ner has studied the fragmentation of

light projectiles, principally deuterons and alphas, to test

thellries of projectile fragmentation processes. The concept of

limiting fragmentation seems to hold at 1-2 GeV per nucleon.

This group has also done the first research with beams heavier

than alpha particles to study the production of pions at ex­

tremely high energies far above simple nucleon-nucleus col­

lisions.

Further light ion studies by the Igo-Perez-Mendez group on
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proton-helium-4 and deuteron-deuteron elastic scattering has

contr ibuted much useful information for testing multiple scat­

tering models.

Nuclear Scic'n.e Experimental Facilities Development

A Heavy To'1 Spectrometer System, dubbed HISS, was proposed

and approved for construction. This device will provide a large

volume, high magnetic field for simultaneous momentum analysis

of large angle multiple fragments. Tbe core of the svstem is a

By October 1977, substant ial design work had

superconducting dipole with a two meter diameter pole face and a

one meter gap.

been campI eted.

Another new spectrometer called SOP (Spectrometer of Odd

Parts) was planned to

intention was to bring

replace the separated K beam 1 ine. The

this faci Ii ty, designed for beams below

250 MeV per nucleon, into operation during FY 78. However,

delays in receiving the magnets, and a change in design of HISS

to accommodate lower ~nergy beams, have made SOP unnecessary.

Other improvements include the installation of multiwire

proportional chambers inside the vacuum system at the east and

south extraction magnets. These devices have been extremelY

use fu 1 for monitoring beam intensities belOW about par-

ticles per pulse, which is the functional limit for TV-scinti 1­

lator paddles.
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~!2..L2.z.r~r~,:!_'~~(! ~~ne Rl'Osearch

Operational efficiency for the biology and medicine program

exceeded 80%. The stability of the Bevalac beam is a major fac­

tor in the continuing success of the radiobiological work, much

af which is done with live targets, and with the radiography

sessions, now conducted at two-week intervals.

Achievement of the first fractionation run in October 197/i

represents a real milestone in the Bevalac biomedical program;

the Bet'alac carbon beam was del ivered for a six-consecutive-day

run Gt an outstanding 94% efficiency. Fractionation of a large

radiation dose into severll equally-spaced sJ11aller ones allows

hiological repair mechanisms to minimize the radiatior. effect on

normal tissue. It is technically difficult to accomplish frac­

tionation hecause of the requirement to reproduce the same he"J11

characteristics on a daily patient treatment schedule.

Af',<.'r the Fi rst success, a ten-day fractionation run was

performed in .TunC' 1977, with equally fine results. This latter

run signiFic,J illl even greater accomplishment, since it was the

fi rst pil t i "nt treatment at the Bevatron, culminat ing severa]

years of intensive pre-tharapeutic research at this facility.

Considerable progress was realized in the development of a

human rac1iotherapv facility within the biomedical area. Cave

IS being converted into Treatment Room I, with a commercial
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patient positioner (to be delivered in FY 78) and

laser location systems. A patient staging area,

waiting, changing, examination and preparation rooms,

built adjoining the treatment room.

A heam flattening system is being produced to deli\'er the

highest possible dose uniformly over the large Jiameter beams

desi red for radiotherapy. The system, modeled after the one

created at the 184- inch cyclotron, u';es scatt~ring foi Is and

occluding rir,gs to achieve an overall uniformity of about 2%

over fields of 10, 20 and 30 cm diameter.

OthE:r improvements in hiomed heam delivery are in progres~.

A fast beam cut-off system is being in.plemented to interrupt

beam extraction within Olle millisecond when the desired total

dose has been del ivered to the target. Rapid heam switching

between the treatment rooms is als0 being achieved by modifying

the swi tching magnet power supply and control system. Pulse

to-pulse heam routing hetween the rooms is essential for effi­

cient use of heam time in biomedical situations, since set-olp is

much more time-consuming than treatment.

The ~inibea'1l Facility was commissioned dt:ring this period

also. This area, designed for microbiological radiation stud­

ies, is equipped with an optical microscope mounted on the beam

1 ine for in si tu observat ion of cellular response to heavy ion

bom;'ardment. A typical desi red spot size of 1 mm diameter is

achieved with a 3 mm collimator at Fl.
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MEETINGS

~erfllr.AC-Beva1ac Joint Users' Meeting

!loth accelerators have users' associations, each of which

holds annual meetings. During February 17-19, a joint Bevatron-

Beva1ac-SuperHTLAC Users' Meeting was conducted. The three-day

conference, which consisted of general interest sessions and

nuclear science and biomedical portions, was attended by 150

scientists, who considered the combined format very successful.

Thi~Heav~ Summer Study

The 1976 edition of tbi~ week-long ::onferc;nce, wbich has

grown steadily every year, sa" participation by nuclear scien-

tists from arou'1d tl]e world. Lee Schroeder and Norman Glen-

clenning arranged the program for this LBL-sponsored study.

USER HANDBOOKS-----------

New user handbooks I,ere written and distributed for !levatron

scientists hy the staff of the Accelerator Research Coordination

Office. With the expansion of the Bevalac research program, two

handbooks now exist: Nuclear Science, and Biology and Medicine.

Each book covers much needed information on conduct ing research

here, how to submit proposals, and operational data on acceler-

at or capabilities and support services.
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EXHIBITS, ETC.

The Accelerator Operations Group collahorated with DOE and

the Smithsonian National Museum of History and Technology in

Washington, D. C. to contrihute to a new exhihi t on the Histor i-

cal Development of Accelerators and Detectors, which opened in

Fall 1977.

\. KGO- TV in San Frane i seo filmed severa I seq llences a t the

184-inch cyclotron and the Bevalac Biomed Facility in Spring

1,'76 for a one hour documentary on new methods of cancer treat-

men' . LBL's Dr. Joseph Castro discussed how patients were

treated at the l84-inch for hrain tumor conditions that require

the use of large-field helium-ion irradiation. Dr. Kay Woodruff

summarized pretherapeutic studies with heavy ions on animals at

the Bevalac. The resul ting fi 1m, ti tIed "I used to have

cancer," was aired in June of that year.
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SUPERHILAC

With the completion of substantial improvements and modifi­

cations to both the accelerator and experimental areas, the

SuperHlLAC achieved excellent research operatio!l in fiscal 1976

and 1977. Operational efficiency was 79%, representing 7299

hours out of a scheduled 9255. The SuperHILAC was shut dow); for

8 months out of the 20 included in this reporting period;

approximately half of the shutdown time was for budgetary

reasons.

Time sha ring of the SuperHI LAC beams between two user s (and

occasiona Ily three) has been \'ery effective, especially since

the Bevalilc line can be operated simultaneously with all the

other Sl1perHILAC beam lines. Customarily, a light ion (mass 18

or less) \,'ill be sent to the Bevalac, while a heavy ion is de­

livered to the SuperHlLAC experimental area.

Twenty-fi ve experimental groups used the SuperHlLAC during

this period. Of these about one-fourth are LBL based, one-half

are from other institutions, and the ramaining quarter are

collaborations between LBL and other organizations.

The SuperHILAC Program Addsory Committee met three times to

make recommendations to the Laboratory Director regardIng allo­

cation of research time.
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ion Source Develvpment

Recent source work at the SuperHILAC has focused on opera­

tional reliahility and long life performance of ion sources. A

np.wly constructed off-line duplicate Adam source facility has

allowed the testing of sources for this injector and the debug­

ging of mechanical. and electronic improvements for subsequent

accelerator use. Even injector source studies and improvements

are conducted on the accelerator whenever possihle.

Long-lifetime iron and calcium sources ha,e been developed

in the past year; each represents special challenges that were

overcome to make these ions available for experimenters. Work

continues on holmium and lead sources.

Con5iderahle attention was paid to developing efficient col­

lecticn <'nd reprocessing techniques for calcium 48, a rare and

expensive Oak Ridge produced ion which is much desired hy Super­

HILAC experimenters.

Beam Development

Among the new heams developed for experimenters' were a

titanium-50 hearn, run principally to tune for a difficult cal­

cium-48 hearn, and iron-56, which was produced mainly for Bevalac

users. Al though iron had been accelerated at the SuperflILAC

before, the new beam was fully stripped, yielding approximately

3% of 26+ ions. Short source lifetime over the first three-day

run was the major problem. Further work on sources produced a

much more successful iron run the next January. Iron has now



16

become a standard beam in the SuperHILAC and Bevalac repertory.

SuperHILAC Facilities Development

Duri~g the spring 1976 shutdown of the SuperHILAC, an exten­

sive rehuilding of the experimental area was begun. Beam lines

Ell (Coulex) and EIS (Bevalac) gained separate ports at the MI

switching magnet, enabling these lines to timeshare beam for the

first time. A new East Cave Area, with three caves and six beam

lines was added, along with a new bending magnet to distribute

heam among them. A new North Cave Area wi th three caves was

al so added, al though the beam lines are scheduled for ins:-' la­

t ion in the future. All beam lines have been equipped with im­

proved vacuum pumping and more steering magnets. All control

and monitoring of power supplies, vacuum valves, and Faraday

cups came under computer control, supplemented by local analog

control capability.

Rearrangement of the experimental areas has increased the

efficiency of hoth experiment set-up and operation. Typically,

one group now sets up its experiment as another group uses the

accelerator. Remodeling of the experimenters' 'counting room'

where the data is collected is slated for the next fiscal year;

when that is accomplished, there will be adequate room to serve

two major experiments simultaneously.

A 30- inch scattering chamber from Technolics, Inc. was in­

stalled at the end of beam E-73. This chamber contains two in­

dependent tables, each capable of 360 0 rotation, an out-of--
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plane counter arm, and a sl id~:;g band for an external time of

flight arm. This successful device is remotely controlled and

monitored. with interface to the data-collection computer.

Many instrumentation improvements were also accompl ished.

The operators' energy monitoring system was simplified and ex­

panded, and the Brutus spectrometer system, designed to supply

experimenters with ahsolute energy measurements, was calibrated,

debugged and routinely used. In the stripper area, an IR CCTV

system was installed to non-destructively monitor bp.am position

and size on the stripper foi 1. Several other electronic moni­

taring improvements were in the design and testing stage at the

end of this reporting period.

The EVE injector high voltage power supply, which had long

been dangerously overworked, was completely replaced in Sep­

tember 1977. The new supply has given no problems, and avoids

the prospect of a total EVE breakdown.

Finally, a three-story annex to Bldg. 71 was constructed to

relieve severe space limitations. The bottom floor serves an

'3xpanded mach i ne shop, and the other two are devoted to exper i­

menter and staff offices.

SuperHILAC Research

The major research groups at the SuperHILAC average ahout

20-30 shifts of beam time, spl i t into 2 or 3 runs, during a

given 6-month scheduling cycle. About half of the beam time is

used for nuclear reaction studies, and another 25% for Coulomb
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excit~tion ~nd other particle-gamma studies with heavy projec­

tiles. The other major types of studies are atomic spectroscopy

of highly charged hydrogen and hel ium-l ike ions, and studies of

the heavy transcurium nuclei.

Because of limited experim~ntal areas at the SuperHILAC, the

outside user nuclear reactio~ groups all use a single cave

area. The primary facility in this area is a 30-inch diameter

general purpose scattering chamber. In addition, a time-of-­

flight facility is available for experiments requiring mass in­

formation. The thrust of the nuclear reaction program at the

SuperJl1LAC involves the study of equilihration of the various

degrees of freedom associated with "deeply inelastic scat­

tering," including measurements on the nuclear charge, mass,

a:qlllar momentum transfer, and kinetic energies of the fragment~

emitted in the reactions.

The Coulomh excitation experiments involve looki'lg at high

srin states of good rotors and going up the ground band in

h~ck-hending nuclei. The measurements of the Lamh ~hift in

hydrogen-like nuclei and the fine-structure splittings are

severe tests of high-order corrections to quantum electro­

dynamics in a strong Coulomb field; measurements of the tran­

sition prohabilitie3 for certain forbidden transitions are tests

of relativistic calculations for these highly charged ions.

Finally, the heavy element groups are studying both the chemical

and nuclear properties of isotopes beyond Cm, and hunting for

the superheavy elements.
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~~~~ILA~.Control Syst~m Overview

The 5uperHILAC computer control system has been in operation

since April 1975. The ;nitial emphasis was to provide pulse--

to-pulse time sharing for concurrent experiments at the 5uper-

IIILAC and at the Bevatron. Wi th the achievement of this goal,

the focus was shifted to speeding tuning hy extending the scope

of control and operating capahi I i ties, imrroving system

reI i:lhi Ii - tv, and shortening recovery time in the event of

flilure.

In Ap,il 1976, two computers were added to the control

system and some 100 additional experimental heam line magnets

\;ere tied into the computer control network. Monitoring devices

havc heen integrated into the control system as well. "fany

operator display features were streamlined and speeded up.

A major revision involved enlarging the control room to al-

low space for three control stations. Two of the.e stations are

necessary for independEnt operator manipulation of two simul-

tD.neous heams, and the third station allows heam dC'.'e]npment

wtrk to continue.

USER HANDBOOKS

The 5u;>erHI LAC Exper i menter's Handhoo\.: ,,'as puhl i shed ~JY the

Accelerator Research Coordinat ion Office. This new book con-

tains relevant information on submitting proposals ~nd conduc-

ting research at the 5uperHILAC, along with data on accelerator

and beam characteris~ics.
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184-INCH SYNCHROCYCLOTRON

Since July I, 1975, the 184-inch synchrocyc10tron has been

operated 3S a dedicated medical facility for LBL's Division of

BiGlogy and "'edicine. The program of pituitary irradiations

tinder the direction of Dr. Charles Linfoot continued, with 59

patients treated during the period January 1976 throuDh Sep­

temher 1977. Th i s therapy, considered the treatment of choice

for Cushing's disease and acromeg:':', makes use of the precise,

pencil-point heam of helium ions to irradiate the pituitary

gland.

A small amount of radiobiology work is performed at the

184- i neh hy LBL researchers. These studies represent a frac­

tiona I percentage of the operating time of the accelerator, and

they are conducted on a time-available basis.

Beginning July I, 1975, the first patient trials for cancer

therapy were launched at the 184-inch in a project headed by Dr,

Joseph Castro in cooperation with the Northern California Cancer

Program. To perform these treatments, a large field irradiating

capahility was developed. The emerglng helium ion beam has a

diameter of 5 to 7 cm, and a range in water of about 31. 8 cm

wi th the Bragg peak. For large tumor treatment, a scattering

foil and two occluding rings are inserted in the beam to enlarge

it to 20 or 30 cm diameter, depending on which of two scatterers
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The Bragg peak is also extended to 6 to l4cm by means

of precisely machined spiral brass ridge filters. The intensity

of the beam is uniform to hetter than +2% over 90% of the dia-

met er.

To accommodate the enlarged patient load, now six per day, a

740 square foot patient receiving area was added to the lB4-inch

with the renovation of ~n existing modular building. The new

facility contains a waiting room, two dressing rooms, x-ray

darkroom, and radiologist's room, all on the same level and con-

tiguous to the treatment room.

Another impr~vement was to the Accel~rator Technician's Shop

in Building BO. The enlarged machine SJlOp is a multi-purpose

facility wh;ch is also used for the design and construcLon of

patient treatment collimators, immobilization devices and other

eq u ipmen t.

PUBLICATIONS

J. Staples, Lattice, an Interactive Lattice Computer
Code, LBL-04843, (UC32/45lJ3011TID-4500-R65 (Oct. 1976,)

----,Accelerator Division Annual Report, LBL-05370,
(Dec. 1976)

W. Schimmerling, J. Alonso, R. Morgado, C. A. Tobias,
H. Grunder, F. T. Upham, A. Windsor, R. A. Armer, T.
C. H. Yang, and J. T. Gunn, The Bevalac Minibeam
Facility, LBL-05540, (UC48/440301) Presented at the
1977 Particle Accelerator Conf. Chicago, Ill. (March
16-18, 1977)

C. Leemann, J. Alonso, D. Clark, H. Grunder, E. Hoyer,
K. Lou, J. Staples, and F. Voelker, A Heavy Ion
Facilit for Radiation Thera ,LBL-05545, (UC2U + UC
48 450103), Presented at the 1977 Particle Accelerator
ConL, Chicago, Ill. (I,larch 16-18, 1977)



.!..!.

Ca Lccmunn, .J. !dc)nso, II. (~rundc:r, E. Hoyer, G. Kalnins,
D. Rondr~au, ,J. StQ~lcs ~nd P. 'Joelker, A 3-Dimcnsional
l!.,=-il~_S..':'~_r,-i_n,]__ ~:Ls.~':'!"_l?£ _Particle Radiation Therapy,
Lil ,-()SS4fi, (UC28 + UC48/4S()103), Presented at the 1977
Pa, tiel" r":cc:l"r,,tor Conf. Chicago, Ill. (t1arch 16-18,
1977 \

,J. J~lonsu, H. i-'o("C(~, t-1. 'rr:ku',oJi1, and II. Cr'Jndcr, Accelera-
~ion :2.f__I~'-,-r:..,=-i_a_!l.:t Stripped Ions ut the Bevalac, LBL-05:>58,
(UC28/4S0]()IJ Presented at the 1977 Particle Acec:lerator
Conf., Ch;c,-,go, Ill. (March 16-18, 1977)

P. I\dr,I1,', v. ,1"col)son, H. Kilgore, and D. Hondeau,
,,-_<:..':m_troLc;~I::.'-'--f7l_~i'::.':!.~lIumanInterface, LEIL-()5577,
(UC3S/31317S) Presc:nted at the MUSE Int1. Conf., Ft.
!'uud,'rrJ'11", Fl. (December 5-8, 1976)

11. !\. (;rLJl1ciL'r, dnd F. B. Sc!lph, ~eav...L_~_on_!.:.~el('~_,J.tors,

I~JJL-()G423, (UC28/452J()1) Submitted to Ann. Hc:'1. Nucl.
Sci., P. 71, (T,pril 1977)

11. l\. CrUllUL'r, c'. \'J. Lecnlann, and Fa 8. 5(: i[... i1 , Rc:la­
t.i.."_l_stic H'-'..",-~ U)n~-,"\£c:"'.JS'_~!.c<r_s, LHL-()6425 (UC287,f~i301)

To b" Prt'""ntcd ilt the International Conferc:nce 'Jn High
8ncrgy'Ac~c1craLors, Serpukhov, U.S.S.R. (July 11-17,
1977)

D. ,I.
600n

<..'1 arJ-:, l~('ccni J~~0----9.rL!SS ._i n .t!£i:~YL20~ S(jur("e~,
(IlO ddt",) ----.

LBL-

H. II. C;rulldeL-, Future Sources of Particles for Clinicul
Use, lIigll LET \-/orkshop, Tokoyo, Japan, 1,31,-61 S5, l Sept.
1977 )

J. H. Alonso, H. A.
tors as Sources for
in Radiology, 1977.
Symposium, Chicago,

Grunder, Ch. W. Leemann, Accelera­
High LET Hadiation, to be published
(Presented at RSNA AAPM Therapy
LBL-6426 (Nov. 1976)



I'll'

1'. El ioff in charge

A. Al tmann, K..4,'erv, W. Basinger, R. Belshe, S. Blai r, R.

Caylor, "1. Chambers, 1'. C"an, C. Chavis, V. Cherniak, .1. Chin,

E. Close, K. ConnellY, G. Cullen, D. Curtis, ~1. Donald, F.

Duarte, R. Dw i ne 11, 1'. El i 0 ff, E. Eno, A. faltens, W. Flood, A.

Garren, S. Gi 1, S. Goss, E. Granucc i , D. Greenwav, K. Halhach,

Iv. Hammonds, W. Harrison, E. Hartwig, C. Hitchin, E. Hoyer, T.

.]ac1(son, D. .Jerko, C. .J ohn son, A. Kenney, A. Kru~er, t, . Lake, .J.

La s let t , J. Lavell e, T. Lauri tzen, W. Lee, L. Leung, S.

Lundgren, R. 'lain, A. "1asana, V. "1ore, K. Nissen, L. !\Ii3in, P.

Oddone, A. Paul, .1. Peterson, C. Pike, R. Reimers, D. Rondeau,

R. Sal" S. Sheperd, I.. Smith, C. Sojourner, .1. Staples, R.

Tafel ski, J. Tanabe, R. Thomas, H. Warnock, W. WiL,on, O. Wong,

R. Iv rip h t, .). Ze I v') r .

PEP (the Positron-Electron Project) is a joint venture hy

scientists and engineers from LBL and SLAC. The six-sided sto-

rage-ring facility is currently beirg constructed at the end of

the two-mile-long linear accelerator at SLAC. The comp I et ed

machine will provide a storage ring in ',hich counter-rotating

heams of electrons and posi trons wi 11 colI ide head-on at six
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points around the ring, with energies up to 18 GeV per beam.

During this reporting period, PEP construction geared up to

fllll speed. Heavy construction was started, wi th deep excava­

tions for the beam housing and experimental areas. Most of the

major techn ical components, such as m'Jgnets, vacuum chambers,

radiofrequency cavities, ann instrumentation and control sys­

tems, were in production by the end of Fiscal Year 77.

A numher of experiments had heen proposed in expectat ion of

an Octt-her 1, 1979 turn-on date, six months earlier than origi­

nal project ions.

Conventional Facilities

The PEP tunn~l is 20 to 80 feet helow ground, so a signifi­

cant amount of ~xcavation, earth moving, and tu:.neling has been

necessary. PEP staff members developed prel imi nary conceptual

designs and provided general criteria and specifications for

this work. The detailed engineering, design, inspection and

construction management functions have been the responsibility

of the joint "enture of Kaiser Engineers and Parson Brinckerhoff

Quade and Douglas. Five-phased construction contracts were

developed in order to optimize and maintain an expedient

schedule.

The award of the Linac Junction Contract initiated the June

2, 1977 groundbreaking ceremonies. Actual work began with the

SLAC linac shutdown on July 1, 1977. The contract involved ex­

cavating down the existing linac housing (some 40 feet deep in
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places), cutting through the heavi ly reinforced concrete walls

of the structure and construct ing approximately 300 feet of the

PEP injection tunnels. ~any complications were expected hecause

of the proximity to existing utilities and structures. Time was

a major prohlem hecause most of the work had to he, and was,

completed hy the end of Octoher, during the chedL.~d linac

shutdown.

Work an the Prel i Illi nary Si te Work contract began in August

1977. PEP roads, drainage systems and fencing and rou!'h excava-

tion on the southwest portion of ring are part of this contract.

The largest contract is for Beam Housing -- the construction

of all PEP tunnel enclosures rexcept the small sect io: . .; complet­

ed in the Linac Junction Contract) and the heavy concrete por­

tions of the interaction halls. This was begun in Novemher 1977.

The Support Facilities Contract was scheduled for awarding

in March 1978. This will include the major portions of electri­

cal and m'3chanical uti 1 ities, as well as the steel framed parts

of the interaction halls and all other ahove ground nui 1ding

structures.

The Final Site Work Contract, including landscaping,

piping and finishing touches, is scheduled for execution

January to June 1979.

road

from

Technical Components

The PEP technical components and related functions are
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bro~dly c~tegorized into the following systems: main ring mag­

nets, m~gnet pewer supplies, injection and injected beam trans­

port, vacuum, radiofrequency, instrumentation and controls, and

survey and alignment. Many of the "lajor components ha\-e now

been developed ~nd designed, with engineering models produced

and tested. Production activities were proceeding at a rapid

pace at LBL, SLAC and a nUT;;her of outside companies which were

fabricating parts.

t!~ets:

There are some 700 magnets of almost a dozen varieties that

must be fahricated and installed within the PEP main ring and

the injection heam transport system. The largest are the nearly

200 m~in ring hending magnets, each of which weighs 10 tons and

is appro~imately 20 feet lorg.

The coils for the bending m~gnets are heing fahricated by

outside suppliers, along with the main ring quadrupole cores.

The "insertion quadrupoles," a larger type of focusing magnet to

he positioned next to the interaction areas, are heing con­

structed at LBL shops. These magnets will focus the beam to a

minimal size: at the interaction point. For this, an extremely

high magnetic field quality is required, and magnetic measure­

ments of production prototype units indicate that the required

centr'l.l fields have been achieved. Custom contourin[; of the

end-polp tips is also necessary.
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Injection System:

There are various specialized "splitter" and "kicker" mag­

nets used in the injection process to first direct beam pulses

away from the SLAC Tinac, then transport them to the PEP ring,

and finally manipulate the beam particles for proper insertion

to the PEP main ring. Approximately 1,000 electron bunches and

10,000 positron bunches will he directed from the SLAC linac

duri'lg a period of several minutes to fi11 the ring. The beams

will circulate for several hours before injection is repeated.

The cores and coils for the bending magnets and quadrupoles

for the injection transport system are in production at several

engineering companies. Kicker magnets, with ceramic vacuum

chamhers and thin metallic inner coatings were still in the

design stage by the end of this reporting period.

Power Supplies:

A number of different types of power supplies are requi red

for the variety of magnets incorporated in PEP. Purchased power

supplies have already been delivered, and others have been

designed and developed H LBL, with engineering models under­

going tests in the Bevatron area.

Radiofrequency System:

Twenty-four rf cavities are required for PEP, distributed at

three regions around the ring. The rf system maintains the

energy of the circulating beams by re-supplying the energy that
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is lost continuously from synchrotron radiation and various

cavi ty losses. Seven of the aluminum cavity rf structures were

being assembled at FY's end in preparation for high power tests.

The rf system operates at 353 MHz. New 500 kilowatt kly-

strons (12 are required) have been developed at SLAC to meet PEP

needs. High-voltage power supplies were on order and the numer­

ous electronic and control systems associated with the rf system

were in different phases of design, testing and production.

~'!.c:.,!um~l~~-=-

The vacuum system consists of nearly 1.5 miles of specially

extrlldcd ~lllminum piping, with ccrresponding bellows anJ flanges

~nd provisions for beam monitors, collimators, slits, and

sreci~J instrumentation. The vacuum chambers in the curved sec·

tions of the ring are water-cooled to dis~ipate up to 3 mega­

watts of power from synchrotron radiation. Within the field of

the bending magnets, the chambers have sppcial sections for

sputter-ion pumps.

The curved portions of the vacuum ,ljamber are in production

in 14.5 meter long sections.

Instrumentation and Controls:

Major systems in this category are communications, master

oscillation and tuning, synchrotron light monitoring and other

beam control and diagnostic instrumentation, vacuum system in­

strumentation, machine protection, personnel protection, rf and
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magnet control s and computer control. Seven peripheral compu­

ters are stat i oned around the PEP ring and will be connected to

tHO larger central computers in the main control room. Both

interfacing hardware and software are under developme~t.

Survez-~~d Alignment:

The quadrupoles must ~e positioned to Hithin 0.2 mm accuracy

relative to an ideal heam orhit to permit heam circulation.

With the aid of an established array of primary survey monuments

and a liquid level systelT' around the PEP ring, engineers can

rapidly determine the magnet ~(,;itions llsing a special laser

system .,jth laser targets which they have developed and con­

nected to magnet fiducials. This system has its own computer

which will specify any corrective magnet positioning required.

Ex~jme'!!..~-,-

Even though the first heam turn-on is still a \,ays off, ap­

paratus for experiments is heing created at an eager pace. In

April 1977 the PEP Experimental Program Committee considered the

first experimental proposals. Of the ten proposals, represent­

ing nearly 200 physicists from over 2S institutions, four ",erc

ultimately approved, two of which involved LBL scientists. A

second round hy the EPe was scheduled for .January 1978.
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I:!EETINGS:

The 1976 PEP Conference, sponsored by LBL and SLAC, was held

at SLAC .June 23-25. The Conference, which was held in place of

the usual summer study, was one of many opportunities for po­

tential users to discuss and be involved in PEP planning.

K. Halbach, (LilL); and R.P. Holsinger, (LASL), Superfish-­
A computer Program for Evaluation of RF Cavities with Cy­
lindrical Symmetry, Submitted to Particle Accelerators,
(LBL-5040)

K. Halbach, Effects of Variable Measurement Coil Displace­
~ent~, PEP 208, (Peb. 11, 1976)

K. Halbach, Analysis of Some Errors in the Experimental
Determination of the Harmonic Content of Multipole Magnets,
PEP-209, (Feb. 23,1976)

R. Sah, Automatic Surveying Techniques, PEP-210, (March 16,
1976)

R. Sail, J. Gunn, Status Report: Plans for PEP Survey and
Al~ent, PEP-2l1, (Dec. 12, 1975)

P. Channell, An Illustrative Example of the Chirikov
Criterion for Stochastic Instability, PEP 218, Sept. 8.
1976) -

T. Chan, J. Gareyte, Scaling Law for aunch Lengthening in
SPEAR I!-, I'EP-224, (Dec. 1976)

B. Autin, Alteration of the Dispersion Funrtio~ Due ts
Sextupoles, PEP 230, (Nov. 12, 1976)

R. Sah, A Precision SurveYing System for PEP, PEP-234,
(LBL-:,553), (~larch 16, 1977)

T. Jackson, PEP-.1:!?.9net Power Supply System, PEP-235 (LBL­
5555), (March 16, 1977)

P. Wilson, Computation of Loss to Parasitic Moaes in Cy­
lindrical Cavities with Beam Ports, PEP-?36. (March 9,
1977)

http://Channe.ll
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J. Tan"'be, A. Lake, Computation of Hagne·~ rarameters_, 1'EP­
229, (Sept. 30, 1977)

D. Autin, Paraticle Motion in a Tim~ I~dependent Cubic
Potential Application to Sextupole Trajectories, 1'£1'-249,
(Junc· 28, 1977)
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SUPERCONDUCTING ACCELERATOR - ESCAR

G. Lamher t son in cha rge

D. S. Anderson, P. C. Bean, A.R. Borden, R. A. Byrns, .J. G.

Carrieri, RoOJ. Caylor, W.W. Chupp, W.F. Eaton, G.A. Gachis, S.

Gil, W.S. Gilhert. E.C. lIartwig, B.II. floyer, C.P. Johnson, E. L.

Knight, S ..J. Knoll, L..J. Laslett, l.W. Lee, K.II. Lou, R.~. Main,

R. B. Meuser. G.A. :-Jewell, .J.M. Peterson, lLA. Rahe, .J. R. Rechen,

R.V. Schafer, L. Smith, F.L. Tohy, F. Voelker, 11.W. Vogel, R.P.

Warren, E.R. \'iellington, G.W. West, W.A. Wilson, R.C. Wolgast,

.l.A. Zelver.

Con s t I' uc t i on of ESCAR, the experimental superconducting

accelerator ring, progressed suhstantially during this reporting

period. BSCAR's purpose is to gain timely, full-scale exper-

ience in the construction and operation of the world's fi rst

fully cryogenic proton accelerator. It is and will he an inval-

uahle research tool in creating the next generation of very

powerful accelerators already planned at several lahoratories

around the world. Superconductivity is the only technology that

can minimize the escalating costs of real estate and energy that

are required for these new machines.

When completed. ESCAR will accelerate protons from an exist-

ing 50 MeV linear accelerator to above 4 GeV energy. The device
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offers considerable flexibility for mounting accelerator experi­

ments, allowing storage of tightlY bunched high-current beams,

and even acceleration of heavy ions.

The breakthrough represented by ESCAR is the use r;-; ~llrer­

conducting magnets for all of the main accelerator ring's 2~

dipoles, 32 quadrupoles and numerous trim coils. Although the

technology requi red to bui ld superconduct i ng magnEts has he en

ad/anced at many laboratories over the last several years. ESCAR

is the first attempt to build a complete ring of reproducih.le,

high quality sllpercondllcting magnets in an operating accelerator

with all of the necessary support systems.

Headquarters for ESCAR is in Building 47, ... ;th the rest of

the Advanced Accelerator Studies Group. The accelerator site is

an area at the aborth end of the Bevatron experimental ~all.

~lagnet s

The magnets and other components of the ring are fah~i,ate,i

in the LIlL Mechanical Shops. By Oc:tober 1977, 12 of the Jipole

magnets had heen completed and extensively trai .. ed and tesred,

wi th the parts for the next group of magnets being pr"cured or

constructed.

~lnstallation

Two quadrant corners of ESCAR, consisting of six dipole mag­

nets each, have heen installed at the final ring site. Survey
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and alighment of these magnets of their support girders is com­

plete. Each group of six dipoles is connected with a common

hore tllhe, insulating vacuum jacket, nitrogen-cooled shield and

helium circuit. Liquid helium transfer lim"', based on the

20- foot test design, have been run hetween the ESCAR refrigera­

tor and Qlladrant IV.

Cryogenics and Refrigeration

A new refrigeration facility, Building 56, was finished next

to the accelerator ring. It houses the large helium refrigera­

tor/liquefier which supplies ESCAR's refrigeration requirement

of 15JO watts of heat removal at 4.2 0 Kelvin. Most of the

cooling capacity is directed to maintaining magnet coils in the

superconducting state, while the remainder is used to cool cryo­

pumps in the warm straight sections between magnet quadrants. A

mixture or gaseous and liquid helium will be circulated through

all the magnet cryostats in series. This two-phase system, a

unique feature in the [SCAR design, is expected to be ahle to

remove more heat than alternate schemes.

Afte, test runs of the compressors, some modifications were

made and one cnmpressor was replaced by the manufacturer. Tests

of the refrigerator are set for November 1977 with the 12 in­

stalled dipoles as a realisti, load.

Vacuum

The fabrication of ESCAR provides an opportunity to operate
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an accelerator with V:1cuum chamher walls in part 31 LSO Kel-

vi n. The condensat i on of ?-,JS on thi s surface "i 11 provide a

pressure helow 10- 11 torr, as needed for modern storage rings.

Instrumentation for the testing of the bore of QuaJrant IV was

in place at the end of the fiscal year. Aux i 1 i a ry vacuum sys-

tems for insulation of the ~rYostats and transfer lines I.ere

heing assemhled.

Electrical------
\Iuch of the electrical effort during this period has heen on

the hel i um refr ig'3rator control sand instrumentation. Two

dipole magne: power supplies have he'en tested I>ith conventional

magnet loads. Quench-protection circuitry has h('e~ fahricated,

with testing in progress.

Test operation of the assemhled sy~tem of 12 magl1('ts cooled

hy the series two--phase floh is to proc,-,,:,l;-\1 th,' hc'gin~ing of

FY 78. ~lore magneto, \,'ill he added t') t\le rlng ~" the\' are

produced, I>ith completion of the main ring projected for IY79.

MEETINGS-----
1977 Particle Accelerator Conference, ~arch 16-18, 19 7 7,

Chicago, Ttl.

ESCAR Advisory Committee, Jan. 28 29, 1977, LBL.
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I'IJIILJCATIONS

I,. :""i L1,. L. ,J. ,L.H::f:sun, (~E':'.,:,~I.in~ :~odes Ern ESCJ,f{, ESClIR-
P,I;',;"il I'J76)

,). h. 1<r'ch'"IJ, Aulomiltic ["terl.o~f:s_on ESClIR, E"ChR-33, (June
1 (J, I 'J 7(, )

.J. h. ".'<:I",n, ESCllI~J..''!.-r:..,!meters i:lS of June 1976, ESClIR-34
(.IUIl'· II, 1376)

l.. ,I. La,-;lr'll, (!I>."'.!uting Nodes for ESCAR l.eading '.:0 Lower
Val".:,; rcL..!Jlf:1:..r.ilnsition Enc.!31:, ESClIR-35, Pm']. 23, 1976)

Iv. r;i lI)crl, G. Lumbertson, et. ul., ESClIH i·lid-Term Report,
/';SCld{-l6 (LHL-4818) (lIuq. 1976)

,J. Hl,chen, Electrical Leuds from Liquid Helium to Outside
l:n>,;_iL".nment, ESClIR-37, (Sept. 24, 1976)

,I. I'r,rhcn, ESCld{ Dipole ~2, Partiul Tests, 1::'('1\;,-38,
(Sc'pl. 24, 1976)

U. MJin, Dcformution of Mugnets 0-38 and LSD-I, ESCAR-33
(:J 0\1 • I 1, ·1976)

,1. '-'1. Pc"!tcrson, Effects of a Sextupole Component in the
ESClII{ _1!~!1..d ,"1agnetS;-ESCAH-40 (Nov. 9, 1976)

Iv. \'i. Chupp, ,£est of Prototype Liquid Level Sensor for
J:SC:l\I{.~~to_Cr~, ESCl\R 41 (Nov. 29, 1976)

IV. II. CllUPP, A Surrunary of ESfJ·l Magnet and Cryostat Tests
r:SC,'IR-42 (]jov. 29, 1976)

,). Il. Hccllen, System Tests Planned for July 1977, ESCAR­
'13, (Dec. 14, 1976)

I',. C. Wolgast, General Requirements and Possib 1 e Design
~l~Q~che~, ESCAR-44 (Oct. 7, 1976)

H. II. Byrns, W. S. Gilbert, G. Lambertson, J. Rechen,
ItQlUs from the.J.:..Q.·lli.truction of ~. ESCAR-45 (LBL-5549)
~'Iaroh 16, 1977)

R. Meuser, Structural Support System for a Superconducting
f1agnet Coil, ESCAR-46 (LBL-6161) (March 3, 1977)

L. J. Laslett, Evolution of the Amplitude Distribution
Function for a Beam Subjected to Stochastic Cooling,
ESCAR-47 (LBL 6~59)
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HEAVY ION FUSION-----------
D. Keefe in charge

J. BiJognano, S. Chattopadhvav, 1'1. Chupp, A. Faltens, A. Garren,

F. G()SS, E. lIoyer, D. .Judd, G. Lamhertson, L..J. Laslett, C.

Leemann, .J. \1eneghetti, 'J. ~iellffer, S. Rosenhlum, F. Selph, .J.

Shiloh, L. Smith, .J. Staples, Ii. Vanecek.

The lIeavy I0n Fusion I'rogram at Lal/rence Be:kelel' [,ahora-

tory, offici~lly funded hy ERDA in late \larch .)77, was spurred

by indications that an intense heavv ion accelerator rnay offer

significant advantages over laser or electron beam systems as an

igniter in an inerti"l confin'~ment fllsion pr,wer plant. An ERDA

Summer Study of Heat'y Ions for Inertial Fusion \,'as held in

Berkeley in JlJlv 1976, and a study proposal, "Heavy Ion Fusion -

Prop0sal for a Program at Lawrence Berkelev Labord'_ory," l;as

prepared in September 1976. Argonne and Brookhaven laboratories

are also involved in the national effort in heavy ion fusion.

The direction Df research and development in the program at

LAL has been to single out the novel problems i,. accelerator

design that must be solved to achieve a pilot power plant driver

of I MJ and 100 TI'I, and for the in~ermediate Heavy Ion Demon-

stratton Experiment (HIDE). Among those challenges are the need

for large charge per pulse (or high curreDtl and high he am power

http://inerti.il
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on target. The requi red currents are one to two orders of mag­

n i tude heyond our present experience for heavy ions, and the

power even more, which presents an interesting twist for the

accelerator scientist who normally tries to provide the lowest

possihle heam power for experi~ental users.

An intensive theoretical program was launched to investigate

the conditions for safe propagation of intense heam currents in

[oellsi n!~ systems, such as cont inLlous and interrupted solenoid

1ense syqems, and quadrupole strong focusing systems. Using

computational techniqucs, much n'ew information has hecn gener­

ated on space-char.ge-dominated transport phenomena. Work with a

new J.BJ. particle numerical simulation code and an existing one

at the Naval Research Lahoratory progressed well.

The presence of the Bevalac as an operating heavy ion linac

and sYnchrotron facility and the expectation of its imminent

ural,illm ion capahility offers an outstanding resource in staff

expertise. Our unique experience in having huilt and ope!"ated

an induction 1 i nac is alse particularly appl icahle to this ef­

fort. We are now partL:ipating in studies of low-beta RF ac­

e"l erat ing structures and ion sources sui tahle for heavy ion

fusion. The requirements for an RF injector for HIDE are only a

step away from those of the SuperHILI\.C third injector, soon to

be constructed. Work on a mul ti -aperture ion source has pro­

gres5"d to the point of demonstrating currents of heavy ions

suitahle for ~IDE, though not yet for a power plant.
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An experimentnl program on intense henm propagation was ini-

tiated 'vith heavy ions to avoid difficulties in oextrapolatinif

d~t~ from smaller experiments with lower mass particles. Whi Ie

mul t i -ampere beams of gaseous ions such as xenGn have he en pro-

c1uced ~t ',BL with eTR sourcc.;, we decided to construct n large

apertur n contClct- ion i zat ion source of es+ l to escape gas load

problems. A drift tllbe system employing pulse-power units ac-

cclcrates !l heam of ahout onc ampcre to Z-3 ~IV. A quadrupolc

transport system of some 24 magnets elZ pcriods) will he

installed to study transport chnracteristics such as emittance

degradntion. \lllCh of the required equipment has heen harrowed.

Severnl scientists from other institution,; in the United

States and Europe have participated in the program for various

periods of time.

"1EET[~GS

Workshop on Low-Beta High Intensity Accelerating Structures,

June 1-3, 1977, LBL.

I'IIIJI, 11,\'1111';'0

[{cavy Ion Fusion: l'roposal for Program a_~

Lawrence Berkeley Laboratory Proposal :33, HI F",N-l,
(Sept. 1976)

D. Kcofc, ~inear Induction Accelerator for Eleavy Ions,
1°;6 "rotan Linear Acce12J"ator Conference, 'HI FAN 2-­
,L13L-5388), (Oct. 19761

Edited by R. O. Bangerter, W. B. Herrmannsfeldt, D, I.
Judd, L. Smith, ERDA Sununer StUdy of Heavy Ions for
~nerti~ Fus:i:2r:l.' HI-FAN 3 (LBL-5543) (July 19, 1976)

L. Smith, G. Lambertson, L. J. Laslett, T~ansport of
Intense Ion Beams, 1977 Particle Accelerator Conf
"n,nce, HI FAN 4, (LBL-5552) (~larch 16, 1977)
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D. Keefe, Linear Induction Accelerator to Produce
Intense Short Pulses of Ver Hi h Ions, HI-FAN-5

Bev 3201), (Aprll 1976)

J. Staples, High-Intensity Low-Beta r.f. Accelera­
ting Structures, HI-FAN-6, (March 1977)

D. Keefe, The Transport-Limited Current: Thin-lens
Approximation to FODO Structure with Space Charge-­
Effects, III-FAN 7, (March 24, 1977)

D. Keefe, Influence of the Target Requirements on the
Beam Parameters of the Igniter Heavy Ion Accelerator,
HI-FAN-B, (March 30, 1977)

L. J. Laslett, Summary of FODO Coeffieients, HI-FAN-9,
(April 11, 1977)

A. Faltens, D. Keefe, ~lications of Induction Iinac
Technology to Heavy Ion Fusion, IV International Conf.
on High Energy Accelerators, July 11-17, 1977, HI-FAN­
10, (LBL--6453), (July 1977)

L. J. Laslett, The "Figure of Merit", Q'/u 2/3, for
Beam Transport Through a Periodic Quadrupo~e L~ns
~tem, HI-FAN-11, (Sept. 9, 1977)

D. Nueffer, C+ Beam Transport Through a Periodic
- s -

0uad~upole Lattice, HI-FAN-12, (Sept. 1977)

L. Smith, Stability of the K-V Distribution in Long
Periodic.Transport Systems Part I General Formula­
tion, HI-FAN-13, (Oct. 4, 1977)

-----, Report on Heavy-Ion Fusion Program Fiscal Year
1977, HI-PAN-IB (LBL-6796) (Sept. 30, 1977)


