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ABSTRACT 

The new addition to the buildinG, the 
new medical and phyr.;icG cave::;, and 
improved equipment· aGsociuted vii th the 
external ·beams are described. Some 
problems in working with an active 
n~chine are discuzsed. 

' ... 

Conntruction on the 184-inch Cyclotron vla.s started in 1940, twenty­
) 

four years ago. Since that t:L~e the machine has underBone four distinct 
1 

reinct"l.rnations. 
. . 

It is indeed rernarl'..a.ble that nuch o. venerable antique . ( 

'I '/ 
I 
I 

iG still con::;idered worth improvinG~ 

1-lithin the po.st few yeo:rs the experimental facilities associated 

vlith the machine have been extensively enlarged and :iL'lproved. An addition· 

· to the buildine has doubled the e>-'})erimental ~a~ A new. cave for medical 

and biologicdl research and a ne't~ phy::;ics cave have been erected. Various 

:i.mprovements ·and new items have been added to the equipment associated 

with the external meson beam.and with the external proton-deuteron-alpha 

beums. 

• BUILDING· .ADDITION. 

The ne'1 addition to the building is shovm in Figs • 1 1 2 1 and 3. This 

measures o.pproxua~tely 40 feet by 210 feet, or 8,400 square feet net. This 

. was built at a total cost of $283,000 or a unit cost of $34 per square 

~ foot. These ore construction costs only and do not include design, 

inspection, the crane, or the cost involved .in moving the mechanical vacuum 

PurnQ)S as required by the building addition. 

. ·-
. :.' 
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For the greater part the building is of the usuoJ. steel frame 

construction Sheathed with C9l"l"Ugated trnn:.;i te. .At the bai:.:k of the 

pl1.ycics cave, however, the wall ie·of monolithic concrete with a smooth 

uninterrupted ourface on both the inside antl the outside. "Gun-ports" 

are provided in this im.ll at the level of the beam. With .thio construction 

the experimental Qrea can be continued outside the buildinG 1 .the concrete 
~ 

iinll providing shielding against i·lhich blocks can be neatly stacked. 

A 30 ton crane, runninG along curved tracko conformine to the shape 

of the building, serves the entire area. · This cos~ $50 1 000. The existing 
( 

crane, pivoted at the center of ~1e old part of the building, is still in 

service. Both cranen may be operated from the floor by pendant controls. 

In order to move items between the old and new areas an electrically povre~ed 
!1 
.I 

. ! 

truck rolling on rails flush with the fl'?or i::; provided. When placinG a ' 

shieldinG block in the mvkward no -man '::;-land bet-v:een the areas covered by. 

the two crones, a special handling device is er.~loyed. This consiots of 

a beam with one end ou:3pended from the hook of one crane and the other end 

suspended from the hook of the other crane" A hook may be moved along the 
I 

beam by means of an electrically driven lead screw controlled from the floor. 

PHYSICS CAVE 

Full aivantace of the addition to the building has been made with the 
I 

back of· the cave now extending to ·the new outcide buildinG wall. The cave 

is now almost three times longer in the direction of the benm than it was 

previously: 62 feet compared to 23 feet. The width remains the same. 

The aide wo.ll.s are ·5 feet thic.k, the back wall 16 feet, and the roof 4 feet. 

With the exception of the common wall bet1-1een the physics cave and the medical 

cave, nll the physics cave shielding is at present of ordinary concrete~ 
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However, new compocite shielding blocks of steel nnd heavy concrete 

are on order. vlhile the actuaJ. thickness will remain as shown in 

Fie:;. 1 the equivalent thickned in tenus of ordinary concrete will be 

more than doubled. 

Entrance tci the cave was forraerly throur;h a mnze. It '\vill be nm-1 

throueh a revolving bo.rrel door. This consistr.; of a steel shell, filled 

with steel plate ond heavy concrete. ·It is mounted on roller bearings 

at the top and bottom and is driven by on o.irmotor. This door is 7·} feet 

in diameter ond weic;hs 30 tons. This type of door takes up little room ·· 

and may be readily moved to other locations. It hac, however, proven. 

expensive to build. 

l,fr."'DICAL CAVE 

The new cave differs from the old one in that it (1) provides better 

Ghieldinc; nnd (2) provides more space. 

The previous nedicol cave chieldinc \<IUS o.decLunte for clpha bombarililent 

within the cr:.ve. The radiation backGround in the whole buildinG 1 hoHever, 

was too hie;h
1 

when the full intensity proton bemn '\·Tcs used in the medical 

cave. It is expected thnt there •o~ill be considerable \·/hole -body proton 

irradiation of o.nimnls in connection with a contract vli th the National 

Aeronautics ·and Space Acency (NASA). F'w:'thennore 1 the increased shieldin;:s 

thickness will now allow people to work in the ti:.edical cave in prept~ra.tion 

for on experir:«~nt ·v;hile the beam is on in the physics cave. The converse 

chould r.uco be true. 

The original cave had a floor o.ren of 17 by lS} feet. The neiv cave 

io 21 by 24 feet. The ori.:;inal wo.lls vrere 5 feet thick, of ordinary . 

concrete with a density of 150 lbs/ft3. As llldicated in Fi~. 1, the new cave 
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shieldinG is partly ordinary concrete, portly heavy concrete of 

300 lbs/ft3 density, ond partly steel. The north vro.ll nm.,r has an 

equi vo.lent thickness of 10 feet of ordinary concrete, the east wall 

(or conwon we~ between the medical ond physics caves) has an equivalent 

thickness of l2 feet, the south or back wall has on equivalent thickness 

of 20 feet, and theweot wn.ll has a thiclmess of 9 feet. The orisine>.l 

roof was 2 feet of ordinary concrete. ~1e new roof is composite steel 

and ordinary concrete with an equivalent thicknecs of &It feet. f£' 

Entrance to the medical cave was formerly throuch a maze. AGain 

'-lith the thought of better nhielding, entrance is now through a door plus 

maze. This may ·be seen in Fig. 4. This is a plug door which is moved 

up o.nd down by a hydraulic cylinder •.. 'l'he door ir; so conl3tructed that 

'Yrhen it is open 1 t is in a pit in the floor and the top of the door 

serves as the floor of the pansac;e\Jo.y into the cave. Such a door requires 

the minimum of floor space but ic, of course, fixed 1n position by the 

pit in the floor. 

The door block is of ordinary concrete, 9 feet thick, 4 feet ·vride, 

and 13 feet high. It '~eighs 34 tons. The cylinder is 8 inches diameter, 

. has a 7 foot stroke, end opera ten at an oil pressure of 1350 psi. The 

hydraulic puil'!p E>ystem is driven by a 30 hp electric motor which closes the 

door in abou.t 30 seconds. Opening is simply by gravity 1 the rate of fall 

being determined by controlling the flo'\-1 of oil through a metering valve. 

· P.RO'roN -DL"UTEnON -ALPHA BEAN FACILITIES 

~1e duty fo.ctor of the externc.l. bewn has recently been substantially 

improved by the uce of a second dee. Thic \-till be discussed at this · 
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conference in a ::.eparnte paper by Kenneth r~1. Crm;e. The RF system iG 

described in Ref. 4. There han been no chnnr~e to the recenerntive 

extraction syctc.tn since it vms installed seven yeurs nco. A mnnber of 

improver.1entn h.·we, however 1 been mncle in the externn~ beam equipment. 

As the deflected beom·emer:.!;eG from the tc.nk it paoseo throuQ:l a 

recently inctclled dec;radcr. This if:. ohmm in Fie;. 5· It consiots of 

a box containinc: copper plates 11:hich may be ir1serted or removed from the 

uetUn path. P.ny totn.l thickness nay 'be achieved from 1/16 of on inch to 

10 inchec in incrementc of 1/16 of an inch. The individUD.l plates are 

actuated by air cylinders. remotely controlled from the control room. "'<) 

Thic de~rudcr is used only 'Hhen the beom ic directed into the physics cave. 

F.ncr[W chnn~es in the medico.l cave be om are mnde by cnother device to be l \, 
i' 

de:ocribccl later. 
I 

The benm next goes through the new collimator chovn in Fig. 5. This 

consists of two pairs of brass blocks 4 inches thick, one pair being 

movcble in the vertico.l direction and the other pair ill the horizontlll 

direction. vli th each pair 1 both the width of the "'lit between the blocks . 
I 

and the position of the slit may be va.ried remotely from the control room. 

There has been a collimator in thio npot for Ilk.".llY yeurs but the previous 

one did not have rer:1ote controls on the slit width. 

The beam then goes throUGh a s-teerinc; Ilk'l{7let ivhich ::1teers it into 

either the physics cnve or the medical co.ve. A'ncw G-inch quadrupole 

doublet replnces the 4-inch CJ.~'.pole previoucly installed in the beam 

to the phycics cnve. Thio incrcnscs the beam in the cave by a factor of 2. 

Jl.n existinG remotely 011erated beam plU<j co:r:JPletes the equipr.~ent in the 

l)hyGics beurn. The equipment alonc; the beam line to the medical cave is 
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all ne''· The follo"inG dencri)?tion is token larc;ely fro1;1 reference (2). 

ReferrinG o.,::~l:lin to Fi~_;. 1, this nc1·1 equipnent includec -in the 

followinG order - a qurulrupole, a benru l)lu£t, a ccatterint;; tc-..rc;et, end a 

collL-nator. This :..'...rray is U.lso shown in Fi[;. G. 

In order to collect more particles o..nd incre::.:.>e the avc.ilable berun 

current L'1 the medical cave} the beom tube di::uneter ''ll!.S increaBed from 

6 to 8 incheG. A new quD.drupole dot:.blet 1-r.J..s de:.;i,Jled to accOl~Jillodate this; 

no quaclrupoleG were previously in this line. ThiB ch~mi::e haa .been found 
c; 

to increc;.se the beam current in the cave by a subr:;tontic.l but unknown 

factor (i.e., beom measurements are not. complete). Avn.ile.ule be~Ull cm·rentG 

(internal and external for r.1econ:j 1 proton::~, deuteron:~ 1 c:.nd alphas) are 

disctillsed by K. H. Crowe in the po:.per previoucly mentioned. !1 

The berun plUG is si.J:rJ?lY a :_;afety device '.·ihich cuts off the ueru71 to 

I' 
I 

the cave '{hen the cave is not in use. It consist~; of a cylinder of steel 

c..nd heavy concrete v!i th tvJO off -center holes pn.rallel to the c.xi::.;. The 

cylinder is rezaotely rotated by on air cylinder so tllt~t the holen may be 

in or out of the beam. 
I 

The berm vo.cmnn tube is tenainc,ted in a thin vn.cmn:1 'i-'indOi-1 just ohend 

of the scatterinc; turc;et. The cco.tte:cinc tar.3et serves two prupo:;eo: it 

provides (1) a me8lls of controlliJ10 bemn energy by plc.cinG various thick"' 

nesses of o.b::;orber in the beOI!l path, r-nd (2) o. l:le['ns of producinG a clivercsinG 

scattered be::un for whole -body unirJ.::.l irradiation. 'This will explc:.in one 

of the needs for a lG.rcer co.ve: spnce is needed to place the cn~n~ far 

eno'll.Q1 mmy from the to.r;;et so that it is entirely within the scsttered 

beom cone. The scn.tterine tarcset is in the jom of a turret resemblinG 
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the muenzine of a Colt.revolver. Thic turret ic 30 1ncheo in diameter 

by 42 inchea long. It contnins four 8 inch diameter holes at 90 degree 

intervals. Any one. of these holes m..'l.y be rotated into the beom path 

and various absorber thicknesses may be placed in the holes. The turret 

is rotated manually from within the cave. 

CollimatorG of various kindG to f1 t particular experiments mny be 

placed downstream from the scatterinG tarset. 

HEDICJI..L CAVE EQlJIPNEHT 

Fit,rure 7 ic a. vieu of the in::: ide of the medic:r!J. cave.· The beam enter3 

the cave from the left o.t (a), (b) 1.s the exiutine; huma.n positioner, 

(c) is u device for loading the ccutterinG to.rcet turret, c~d (d) is the 

ne~ unimal rotator. 

The hUillc"Ul pod tioner shown has been 'used for mnny years for the 

irradiation of the pituitary Gland. This is in connection ~ith severo.l 

Clioeases 1ncludinc;, cancer of the bree.st, acromec;aly, Cu::;hinG 's disease 1 

I II, 
·l 
\ 

e11d Parkinson's disease. The pc.tient io in o. horizontal powi tion · ~i th hiG 

head interoeqtinc; the becm. The bed and the head rect are not shown in 

this picture. In order to m.iniiuize the irradiation· of curround~ tissue . ' 

the bed rr.n:y be placed at A variety of onc;les in the horizontn.l plune. The 

patient's head is also mechonice~ly oscillated durinG irradiation. 

The patient is· vie'Wed by ,t1vo closed-circuit TV cameras. The TV receivers 

!" 
are located in three plo.cen; (1) in the nUl"Ge's sentry-box just outoide the 

cave entronce (see Fig. 4), (2) in the ma.in control room, and (3) in the 

ne~ medical control room (Pig • 8) • Fo.cili ties in the niedict-..1 control 
. . . 

room - in addition to the TV rece_i vers - include dosimetry, remote controls 

for the positioner, and 11off 11 control on the Cyclotron. 
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A new-positioner to replace the exiotinG one is currently beinc 

detigned. Figure 9 is a picture of a model·of this new positioner~ The 

new positioner will lw.ve the followinJ feat~eo. · Insteo.d of beillG desicned 

. for irradiution of the head only it is designed so that any part of the 

body may be irradiated. It '~ill hD.ve three del)rees of remotely controlled 

translation and two degrees of remotely ~on~rolled rotation. It is ueaiened 

for a hiGh der.;ree of accuracy and rit;idity; .reproducibility '1ithin 0.010 

inch ic ex:pected. 

' 
The animal rotator (Fig. 7) is for omnidirectional whole-body radiation 

to simulate conditions in space. .The animaJ. is placed in ahollow spherical 

· or dumbbell-shaped chell nk'l.C.le of styrofonm. 'l'hi::; shell is rotated about 

a horizontal axis with a speed which mey be varied from about 0.5 rpm 
. . 

to about 10 rpm. 'llle shell io also routed about the verticnl. axic ~ . In order 

. r 
to provide a unifonn distribution of rad.intion it is neceosa.ry that this 

rotation about the vertical axis va.ries sinusoidally in time.· 'This silmsoidnl 

variation is provided by a Scotch yoke mechuniom in the ba.se" ·The time for 

one revolution about the vertical axis mny be varied from less than 1 minute 

to o.bout 15 minutes. 

J:.rEBOH BEAN :·'ACILITiill 

The me non facility han been 111 use for some yeo:rs. ReferrinG S{;o.in to 

Fig. 1 this facility cons:fsts of: (1) an internal. meson turcet vthich may be 

moved both r~ially Md azimuthally, (2) a thin '-'indow throuch 't-thich the 

mesons ererge from the tanlt, (3) a meson focu::>ina quadrupole, (4) a '1heel 

in the shielding wo.ll with a dirunetra.l hole '-thich ma.y be o.liGUed '-ti th the 

raeoon beom, o.nd (5) the mes9n cave. Chnxli}ElO · have been made to the ··window · . .. 
and to the quadru;pole". 

~ ... '. 

. ~ . ·~ 

.... . . . 
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The previous r.eson idndow was o.ctu.:.').lly two oeparc.te ivindmrs in 

sepr .. rate ports on the t~'nk• Then it wu.s founrl that one of the best 

position:::; wns in between the two ports. Recently the two porto hc.ve 

been made into one lnrce port $nd one lro-ce window huo been inr:t:Uled · 

in thin. This window .is of alur.limmt 0.025 inch thick, 8 inches wide 

und 82 inches long. 

The meuo11 focuoing quadrupole which hl.l..d been in nervice.Ai'or some 

ye~l.rs ho.d becorr.e Q.Ui te rndioacti ve. In e.ddi tion it has to be located 

in an urea which has th~ hiGhest actiVity of CJ.lY P.lnce within the 

chielding but outoide the main vacuum tank. Tld3 iG the area which is 

bombarded 11y thnt part of the l)et..m which is only pn.rtiolly deflected ond 

' .. 

I 

doeG not actUt!..lly cet throtl£1h the maenetic channel. Positionine of thin 
1\r 

. I 

' 
qu.o'1drupole for the vo.rious meson ue<:U11S, ·'Doth in trnrwlti.tion arid rotation,. · 

wan previously done nlf>.nttally and -vms one of the biecent sourcea of 

ro.dioacMve exposure for the ere••. 

The new qua.clrupole ho.s a reHlotely controlled mechnnism which permi to 
'· 

positioning cpf the ~et from the conti~ol room. Tlus io shoY.n in Ficc. 10 

::nd 11. The qut>.drupole mn.y be trc:nsl£'.ted pc.rf'.llel to the ohieldi.nc; \·mll 

bothvertico.lly e.nd horizontally ond o.lco rotated o.bout a vertical axis. 

Pm•er is supplied by air motorD. In addition to reducing rrulioactive 

' 
exponu:re of the crei-1 1 more optimum meson becmn cah be ~;enernted since the 

quo.drupole can be positioned durinG operation of the Cyclotron. 

;·._ 
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ACTIVITY PROBLENS 

"Improving a synchrocyclotron" somehow implies a rise in the ncti-

vity level of the machine. At a conference on improvinG synclll-ocyclotrona 

it is therefore appropriate to say a fe"W words about the pre:>ent problems 

encmmtered 1n making repairs and alterationo to un existing "uni!:"g?roved" 

Ill2.C hine • 

The 184-inch Cyclotron was rebuilt ceven years a(;O in order to d011ble 

the enerey. At that tir.le essentinlly all the then active parta were re-

placed.· Since then it has been workinG ntendily on a three-shift banis. 

The averaee interntil beam current has been 1-2 microamperea. At least 

95% of the runninc time has been i·ri th 730 NeV proton::;. 
lt. 

It is possible for the crew to enter the vault :il:1n1ediately after the \i 

beam is turned off to mn.ke quicl\. chf'..ne;es or minor repairs. After cooling 

for a day or less, the radiation level in the cyclotron . vault has dropped 

so that a person cnn safely opend D.n 8-hour day in it, provided he stays 

a few feet away from the one or two most active spots. 

Two exru:hples of repairs or alteration::; to the lJl.."'.chine "'ill serve to 

illuGtro.te what can be done at the present levels of activity and vlho.t 

might be done at higher levels of activity. 

La~t year part of the dummy dee fell off. This was the re:Jult of 

eddy current force due to the collapse of the m..'1{.:,'1let field under fault 

conditions. To rnnke the repairs it \>Tas 1 of courGe, necessary to enter 

the tonk. The machine was cooled off for three dayr.; • Ho,•ever 1 after 

the first few hours the reduction in activity is vecy clow. 1Vo men vtho 
( 

had had little recent radioactive e::-.-posure were elected to do the vtork. 

( ,,, 
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7hey each otayed in the tank for about ten minutes a.nd durinz. thin til:1e 

each received about 200 - 500 mR. If the annual a.llovmble do;.;e in 5 R 

and if this is sp:teud evenly over the yenr, then the e.llm.,ro.ble Heeld.y 

done is 100 mR. On thiG ban is they each rccei veU. a max.ir:n.un of a five-

i·teeks 1 dose. It "ould lmve been pos::Jible for therl to have re~.uined in 

the tank nix times lonc;er (one hour) und ctill not have exceeded a 

·"reportc..ble incident" dooe (3 R). At this tiEle the hottest spot that 

ims observed wus on the otc.inlecs steel ion source tube, which vra.s nec.r 

the beam exit ro.d.ius i.Jhere it received Sl)lrctter from the rec;enerntor. 

The activity measured ·so R/hour. ·The ion source tube was removed durint; 

repairc. 
l\, 

Another exrurQ)le in the worlt which had to be done to chance tvro ports: 

into one port to ncconunodate the new meson window. An noted before, this 

is.in the hottest spot inside the shieldinc; but outside the tnnk. The 

vrork involved several days ' effort in burninc; and weldinG in the active 

nteel. In this cnoe the work wu.s done three '"eeks after the mach~ne w::.\s 

shut do~. I.A four-inch thick well of lead brickn we.s stacked inGide the 

t:::nk to'protect the i·lorkmen from the activity inside the tank. '1"11is re-

duced the ncti vi ty in the i.Jorkinc; area by a factor of tvlO. Each of ceven 

I 

welder~ i·lorked eight - ten hour::> in the arer.~. The maximl.nn dose was 270 mR, 

the avera.ce dose ivan 140 ml~.. If one mDn had done oll the work, he W01..1.J.d 

have received about 1 R; ctill well within e~ acceptr~le lL~it. 

It w:::.o con:oidered advisable to prevent (1) tl~e inhalation of the 

active iron vapor by the >o~elders and (2) the cpreading of o.ctive particles 

around the buildinc;. To achieve thn., a wooden frame covered with Gheet 

·~ 

plo.Gtic was built ~ound .the· ir.unediate area, tota.lly encl9sin3 the welder 

'·. 

/" 
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' :mel the >wr1~. The welder wore a J!'k"tZk t.;ith a ho:-;e lendinG out:~ide the 

enclocUl·e. The ntmosphe1•e inside the enclOGUl'C \l:i::; continuully cllr..n.c;ed 

Mel \tas pauGed throUGh a filter before beinc di3cho.rc;cd into the buildinc. 

The filter wD.s moni tared but 110 ucti vity detectable with un ordinary 

Geicer counter was found. 

It is appu.rent, then, thn.t the pre.:;ent level of activitier> cr:n be 

coped -vii th in a very safe and conserva.ti ve '.-tn.y. va th extrene c2.re o.nd 

cn.rei'ul pl::m.nin(i, acti·.;itie:; up to G<ty ten time::; the preuent level~ 

·could p03Gibl~r be toleruted. Activitie.; beyond thi;.; point, ivhile not 

nece~jO[.!.rily imposcible, iY01.ud re(luire extraordinary neu.o:>u.re::; and be 

extremely difficult to h:mUle • 
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Figure Legends 

. Fig. 1. Schematic Plan View of the 184-inch Cyclotron and Building 
. showing the new experimental facilities. 

Fig. 2. Interior View of the New Addition to the Cyclotron Building. 
The "gun-ports" for extending particle-beams outside the 
building may be seen to_ the right. 

Fig. 3. Exterior View of the New Addition to the Cyclotron Building. 
The portion of the wall which is concrete is to provide continuous 
shielding between the exterior and interior experimental areas. 

Fig. 4. Entrance to Medical Cave. The hydraulically operated plug 
door is behind the folding safety door in the center of the picture. 
The nurses sentry-box to the left is provided with a TV receiver 
for viewing the patient. 

Fig. 5. Degrader and Collimator for Deflected Beam. 
The beam enters at right. Reading from right to left: beam port, 
vacuum valve, degrader, col.limator, steering magnet. 

Fig. 6. Part of Beam Transport System for Medical Cave before II 
Installation. Beam enters at left. (a) quadrupole. (b) beam tube.'; 
(c) beam plug. (d) vacuum window_. ~ 

Fig. 7. Interior of Medical Cave. (a) beam entrance, (b) human 
positioner, (c) scattering-target loader, (d) animal rotator. 

Fig. 8. Medical Control Room. Facilities include TV receivers for 
viewing patient, dosimetry, remote controls for positioner, and 

... "off" control on the Cyclotron. 

· Fig. 9. Mo,del of Proposed Human Positioner. This device is designed 
_for irradiation of any part of the body. 

Fig. 10. Meson Focusing Quadrupole before Installation. Quadrupole 
may be remotely rotated about a vertical axis, and remotely 
translated horizontally and vertically. 

Fig. 11. Meson Focusing Quadrupole after Installation. The dee tank 
is on the left and the Meson Cave shielding wall is on the right. 
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