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- ABSTRACT
The new addition to the building, the = - SN
s : nev nedical and physics caves, and U
L Eaa S - improved equipment’ associated with the .
ST ’ : external beams are described. Some “.
problems in working with an active )
nachine asre discussed.
ConStruction on the 18k-inch Cyclotron'¥as started in 19&0 twénty--~r
four years ago. Since that time the machine h&o undergone four diutinct ,
| . My
reincarnations. It is indeed remarkeble that such a venereble.egtique \
is still eohsidered worth improvingl .
Uithln the past few years the experimental Tacilities associated .
: with the machine have been extens ively enlarged and improved. An addition’_f~'-'
,d'to the bulldin" hae doubled the experimental area. A new cave for medical
and biolouical research and a new physics cave have been erected. Various .
© improvements and new items have been added to the. equipment associoted
with the external meson beam .end ‘with tbe external proton deuteron alpha -

beams

‘ +BULLDING “ADDITION.

The new eddition to the bulldlnb 1c shown in Figs. 1, 2, and 3. This
a_neasures approxinmately 40 feet by 210 feet, or 8,400 square feet net. This
d-:waa built at a total cost of- $283 OOO or a unit cogt of $34 per square
‘;d 'd -~ foot. These are conutruction costs only end do not include deuign,
inspection, the crane, or the cost involved‘in moving the Qechanicel vacuun -vi
pumps as Are’quirje’d by the building addition. |

SN
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For.the greafer part the building 1s of the usunl steel frame
.construct;on sheathed with.cprrugated transite. At the back of the

physiqs cave, however, the wgll is-of monolithic concrete with a smooth
uninterrupted surface on both the inside and the outside. "Gun-portsﬁ
' :are provided in this wali at the level of the'Eeam. With this const#uction‘

_ the eﬁperimentgl orea can be continued outside.the building,.thg'qoncrete '
woll providing cshielding against<§iich blocks can Be neatly stapked;

A 30 ton cfane, ruhning along curved trucks conforming to the shape

of the buiiding, serves the entire area.  This éos; $50,000.' The.éxisting’
crane, pivoted at the cehter of the old part of the building,is still in -

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

In order to move items between the old and new areas én electrically poweged

iy
t
]

truck rolling on rails flush with the floor is prpvided."When placing a
shielding block in the awkward no-msn's-land between the areaé covered by. -
the two cranes, a specizl handling device is enployed.  This #onsists'of

a beam with one end_suSpénded from the hook of one crane and the other end
suspended from the hook of thé other crane. -A hook may be moved along the

v { .
bean by means of an electrically driven lead screw controlled from the floor.

PHYSICS CAVE

Full advantage of the addition to the bullding has been made with the
back of the cave now‘extending to the new outgside building wall. The cave
;s now almost three tines longer in the direction of the beaﬁ than it was
previdusly- 62 feet compared to 23 feet. The width remains the some.
The side wells are 5 feet thick, the back wall 16 feet, and the roof 4 feet.
VW1th the exception of the cormon Wdll beuween the physics cave and the medical

cuve, all the physics cave uhieldlng is at present of ordinary concrete.
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Howevef, new composite'shiélding blocks of steel and heqvjiconcreté.

are on‘order, While the actusl tﬂickness will'reméin as shown in

Fig. 1 the equivalent fhicknesé in.tgrms of ordiﬁary concrete will 5e'

more thon doubled. | -
ﬁntranée td.the éave was formerly throuch a maze;> It will be now

“through a revolving bairei door. This-consists of a steei'éhell,'filled"h

with steel plate and heavy concrete. It is mounted on'roilef bedfihgs

at the top and bottom and is driven'by an eirmotor. This door is 7% feét

in diameter and weighs 30 tons. This type of door takes up little room”-x

and may be readiiy mqved_to other_locations.  It has, howevér,‘proven:

_expensi&e to‘build. : |

l‘_'\

1
i -

- MEDICAL CAVE

The new cave differs from the old one in that it (1) provides'bgtter:
sﬁielding and (2) provides more space.

The previous medicol cave shielding'was adeqguate for alpﬁa bombafdment
within the cave. The radiation background iﬁ the whole building, howevet,
was too highiwhen the full intensity proton beam was used in the medical
cave. It is expected that there will be considerable whole-body proton
irradiation of animals in connection with a contract with the National
'Aeronautics'and Space Agency (MASA). Furthermore, the increq;ed shieldingz
thicknéss will now allow people té work in the medical cave in preparation
for an experinent thlé the.beém is on in the physics cave. The converse
ghould also be true. |

The original cave héd a floor area of 17 by 18% feet. The new cave

| is 21 by 24 feet. The original walls were 5 feet thick, of ordinary .

concrete with a density of lSO lbs/ft3. As indicated in Fig. 1, the new cave
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shielding is partiy ordinary concrete, portly heavy concrete of

300 lbs/ff3 density, ond partly steel. The north well now has an

equivalent thickness of 10 feet of ordinary'qoncrete, the east wall

(or common wnll between the medical snd physics caves) has an equivalent

thickness of 12 feet, the south or back wall hzs sn equivalent thickness

of 20 feet, and thewest wall has a thickness of 9 feet. The originel

roof was 2 feet of ordinary concrete. The new roof is composite steel

end ordinary concrete with an equivalent thickness of 8% feet. |
Entrance to the medical cave was formerlyvthrough a moze. Again

with the thought'of better shielding, entrance is now through a door piué-

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

up and down by a hydraulic.cylindef-ndThe door 1is éo constructed that
vhen it is open it is in & pit in the floor and the top of the ddor‘
serves as the floor of the passageway into the cave. Such a door requireé
‘the minirmm of floor space but 1is, of couise,vfixed in position by the
pit in the floor. "

The door block is of ordinary concrete,‘9 feet thick, 4 feet ﬁide,
end 13 feet hish. Itvweighs 34 tons. The cylinder is 8 1nches diemeter,
“has a 7 footvstroke, end operates at an oil ﬁressure of 1350 psi. The
hydraulic pump system is driven by a 30 hp electric motor which c;éses the
door‘in.about 30 seconds. Openiné is simply by gravity, the rate of £21l
being determined by controliing’the flow of oil through a meterihglvalve."

- PROTON -DEUTERON -ALPHA BEAM FACILITIES

The duty factor of the external beam has recently been substantially

improved by the use of a second dee. This will be discussed at this "
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conference in a separate baper by Kenneth M. Crowe} The_RF systgm.is
described in Ref. 4. There has been no chanse. to the regenerative
extraction syﬁteﬁ since it was installed seven years ago. A numbér of
limprovcments have, hoﬁever, been made -in the external beém equipment.

As the deflected beam‘emérges from the tank it passes through a
recently instolled degradcr; Thié is chown in Tig. 5. It consiscts of
a box containing copper plates which may'be insertéd or rémoved from the
Lewm path. Any total thiclmess muy'behachieved from 1/16 of an‘inéh to
10 inches in increments of 1/16 of an_inch.‘ The individunl plates are
actuated Ly ailr cylinders.remotely controlled from ﬁhe contfol room. @5‘
o Tﬁis deprader is used only when the beam.is directed into the physics cave.

Enérgy changes in the medicel cave beam are made by enother device to be H

t
A
i
}

described later.

The beam next goes throurh the new collimator ;hown in Fig. 5. This
cénsists of two pairs of brass blocks 4 inches thick, one pair being
moveble in the verticol direction and the other pair in the horizontal
direction. With éach pair, both the width of the slit between the biocks,
and the posiéion of the slit may be varied remotely from the éontrol room.
There has been a c¢ollimator in this spot for many years but the previous
oﬁe did not have remote controls on the slit width. |

The beam then goes throush a steering nagnet which steers it into
either the physics cave or the medical cave.. A'new 8-inch quadrupole
doublet replaces the 4-inch quadrupﬁle preViously instslled in the beeam
toithe physics cave. This increases the beam in the cave by a factor of 2. .
An existing remotely operated beam plug corpletes the equipment in the

physics beam. The equipment along the beam line to the medical cave is
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all new. The following deséripﬁion is tcken largely from reference (é).,

Refefring again to Fig. 1, this new equiprent includes =—1in the
followingvgrder -:a gquadrupole, a beson plug, o ccatterinyg torget, ond a
collimator. This array iz also shown in Fig. O.

In order to collect more particles ond incrénﬂe the a#aiiable beom
current iﬁ the nedicol cave, the beom tube diameter wus incrensed from
v6.to S-inches. A.new quadrupole doublet wos desi;med to acécmmddatevthis;
no quadrupoles were previously in this line. This change has,ﬁeen fou%?
to increase the beam current in the cave by a substonticl but unknown
factor (i.e., beam measurcments are not complete). Availéble bean currents
(internal andextemal for mesons, protonu, deuterons, and alphas) are |

l

‘discussed by K. M. Crowe in the paper previously mentioned. h
: |
The beam pluy is simply a safety device which cuts off the beom to
the cave when the cave is not in use. It consists of a cylinder of steel
and heavy.concrete with two off-center holes porallel to the oxis. fhe
cylinder 1is reniotely rotated by an air cylinder so that the holes may be
in or out og the beom.
- The bemvocuum tube is terudncted in o thin vacuun window just ahead
of the scattering target. The ccattering target serves two pruposes: it
provides (1) a means of controllinz beum energy by placing various thick-
.nesses‘of cbsorber in the becm paﬁh, end (2) o meons of producing a diverging
scattered bécun for whole-body onimnl irrax_iiation. This will explein one
of the neecds for a larger cave: cocpoce is néeded to place the wnimal far

enough away from the torget so that it is entirely wifhin the scattered

beanm cone. The scattering target is in the.form of a turret resembling
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the magazine of a Colt revolver. Thic turret is 30 ineheshin_diameter
by 42 inches long. It contains four 3 inch diameter holes at'90 degree
intervals. Any one of these holes may be rotated into the beam path
and various absorber thicknesses may be placed in the holes.  The turret
is rotated manually from within the cave.-

Collimators ofvariouu kinds to fit particular experiments nay be
" placed downstream from the scattering targct.

FEDICAL CAVE EQUIPMENT

Mpure T is o view of the incide of the medical cdve.- The beam'enterév
‘the cave from the left at (a), (b) is the existing human positioner,

(c) 1s a device for loading the scattering target turret, cnd (d) is the

new enimal rotetor.

The human positioner shown has been used for many years for the '
.irradiation‘of the pitultory gland. This is in connection with several
aiseases inciuding, cancer of the breast, acramegaly, Cushing's disease,
‘end Parkinson's disease. The potient is_in»a horizontel position-witﬁ hie
“head interseqting the becm. The bed end the head rest are not shb@n in
this picture. In order to minimize the irradiation'of'surrogndihg tissue -
the bed may be placed at a variety of angles in the horizantal'plune. The .
patient's head 1is also mechanicelly oscillated during irradiation{

The potient is- viewed by two closed~circﬁit v cémeras. he TV receivere
are located in three places; (1) in the nurse‘s sentgbiox just outside the
cave entrance (see Fig. &),'(2) in the moin control room, and (3) in the ‘
new medical control reom (Fic;v8)- Focilities in the nediccl contrdl
‘room - in addition to the v receiver - include d081metry, remote controls

for the positioner, and "off" control on the cyclotron.’
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A new pooitioner to replace the exiutin; one is currently being
' _deaigned. Figure 9 is a picture of a model’ of this new positioncr. The -
v.‘new pooitioner will have the followin fewtureu. In tead of being de icned'
- foxr irradiation of the head 9nly»it is designed so that any port of the‘
body maY'Se irradioted. Itiwill h;ve three degrees‘of renotely controlled
translation and two degrees of remotelyAééntrolled rotation. :it'is designed
| . for a high degree of wccuraéy and rig:idity; .‘,reproducibility‘ withih O.CiO
:.inch is expected. ,H i.  '” | ‘ |
The enimal rotutor (Fig. 7) is for omnidirectional whole-body radiationf
to simulate conditions in spaée. The animal»ig placed ina hollow upherical N
'.«'or duribbell ~-shaped chell made of styrofoam. This shell is rotated about
| a horizontal éxis with a speed whichjgay be varied fron about 0.5 rym WK
to about 10 rpm. The shell is also roated about the vertical axisJV.In order
. té Provideva wuniform distrfbutionvof rgdiation‘it is ngéessary that'this:
.rotation about the vertical axis varies sinuséidxxj.ly in tine. "I'h'is'sinusoidql
| variation is provided bj a Sc¢otch yoke-meéﬁanis@ in fhe base. ’ime ﬁime forf
one revolution ebout the verticel axis may bé_véried_froé less than 1-minute '
“to obout 15 minufeé.' ' | ‘ |

ﬁESON BEAM FACILITIIG

» The meson facility has begn in use for sonme &enis. Refeffing again tov
 Fig. 1 this chility constmé of: >(l)van internai ﬁeson tarpet which may.bé
moved both radially and~azimuthally,’(2) a thin fiﬁddw through which the
_ mesans emerge from the tank, (3) a meson fé#usihg quadrupole, (4) a wheel -
in the shielding well with a diametral hole vhich ma.y be aligned with the

reson beam,.aﬁd‘(s) fhe meson cave. -Chahgeathvq bé¢n made to the=window' 

 and to the quadrupolé:- f"’,f;" R .['Vf”'j_,j: o
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The previous meson vindow was actually two senarﬁte windovws iﬁ»
separate portﬂ on the t*nk Then it was found that one of the best
positions was in between the two ports. Reuentld the two ports hhve
been made inuo one lorge port and one larbe window has been in,tﬂlled
'.1n-this. This window is of aluwiima O¢025 inch thick, 8 inches wide
and 82 inches long. | | | . |

The.mesoﬁ focusihg quadfupole whiéhbhad been in service~for some
years hadibecomerquite radioactive. In eddition it has té be located
in on area which hes the highest activity of nny.p;ace within the
shieldiné but outéide the mein vacuun tanka' This 1s tﬁe_areavwhiCh‘is
bonbarded by tﬁat bart of thé beam which is only partinlly defiected ond

‘does not actually get through the maanetic'channel. Positioning of this’%f '

quadrupole for tle vorious meson Leans, both in tranulation and rotation,
"was previously done manuelly and was one of the bigrent sources of
'rudioactive exposure for the c¢crewv.

The new quadrupole hau a remotelj controlled nechanism whiuh permito.
poultionlng of the magnet from the control roqu. This is shown in Figs. ;O
X 1nd 11. The cu.druﬁole nay be trﬂnglsted purﬁllel to the shielding wail |
both: vcrticwlly and horizontally and also rotated about a vertical axis.
"Power is supplied_byvair motors. In addition to reducing radibééti#e
.éxposuré of the créw,’mdre optimum meson becms can be generated giﬁce'the

quadrupole can~be‘positionéd during‘qperation’of the Cyclotron.
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ACTIVITY PROBLEMS

"Improving a synchrocyclotron” somehow implies a rise in the acti--
vity level of the maﬁhine. At a conference on irproving synchfocyclofrond
it is therefore appropriate_to say & few words about the present probiems‘
encountered In making repalrs end alterations to an existing "unimproved"
machine. | |

The 18h inch Cyclotron was rébuilt seven years abo in order to double
the energy. At that time essentiully all the then active parts were re-
‘placéd.' Since then it has been working steadily on a three»shift bas;s.

' Thé everage internal beam current has been 1-2 microampéres.i At léast
- 95% of the running time has been with 730 MeV protons. | | l

It is possible for the crew to enter the vault immediutely after the{
beam is turned of'f to make quick change" or ninor repairs. After copling
for a dqy or less, the radiation level in the cyclotronm vault ﬁas'dr;pped
so that a person’can safely sbend an 8-hour day in-it, prdvided he stays
a few feet away from the one or two most active spotsa B

| Two examplea of repairs or alterationu to the mpchine w1ll serve to o
illustrate whgt can be ‘done at the present levels of activity end what
night be done at higher levels of ac£1v1ty. , |

Last year part of the dumy dee fell off.  This was the result of
eddy current force due to the collqpue of the masmet field wnder fault
conditions. To moke the repalru it was, of course, necessary to enter
the tank. The machine was cooled off for three days. However, after
the firct few hours the reduction in activiﬁy is very élow. Two men who-

_ p S
hed had little recent radioactive exposure vwere elected to do the work.
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They each_stéyed in tﬁe tank for about ten niinutes ond during this tinme
each received about 200 - 500 nR. If the annusl ollowable dove is 5R
and if this is spread evenly 6ver the year, then the sllowable weekly
dose is 100 mR.  0n this basis they each received a maxirum of a five-
veeks' dose. It would have been possible for them to have remuained in
the tanﬁ six times longer (one hour) cnd still not have exceeded a
"'reportéble incident" dose (3 R). At this time the hottest spot that
was observed was on the stainlesé steel ion source tube, which was necr
the beam exit rédius;where it received splatter from the regenerator,

- The activity‘measured'so R/hour. ‘The ion source tube was removed duriﬁg
repairs.

Another example is the work which hod to be done to chanfe two bort\
into one port to accommodate the new megon window. As noted before, this‘
ig in the hottest spot inside the shieldings but outside thevtank. The
work involved several days"effort in burning and‘welding in the active‘
steel. In this case the work was done three weeks after the m&chlne WS
‘ shut déaﬁ. "o four-inch thick wall of lend bricks wes stacked inside the‘.v.
tonk to ‘protect thé workmén from the activity inside the tank, This re-
duced the sctivity in the'work}ng area by a factor of two. FEach §f_ceveﬁ'
welders vorked eight - ten hours in the arec. The maximum dose was,é?O_mR,
the average doce was 140 mR. If one man had done 81l the work, he would
have received about 1 R, ©£till well within en acceptable limit.

It wos considered advisable to prevent (1) the inhalation of the
‘active iron vapor by the welders and (2) the spreading of active particles
‘ around the builuing. To achieve this, a wooden frome covered Qith sheef

plautlc was built around the- immediate area, totally enclooinﬁ the velder
{
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and the work. The x;elder wore & nask wifh a hése lcading outside the
enclosure. The ctmosphere inside the enclosure vas éoxltixlmlly changed
end ‘was passed through a filter before Leing discharged into the building.
The filter wos monitored but no ac-ti%rity deﬁectable with an ordinary
Geiper counter was found.

It is appurent, vthen, that the present level of actiﬁtie.;s con be~
© coped with in a very safle end couservative way. With extreme care and
carefd planning, ésti'{itie:‘-s up to suy ten ‘cime-s the precent levels
~cowld possibl';,r be tolerz;ted. Activitieo ‘béy'ond tlxi$ point, while not |
necessirily impossible ,' would require extraordinary meusures and be

extremely difficult to handle.
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Figure Legends
1. Schematic Plan View of the 184-inch Cyclotron and Building

. showing the new experimental facilities.

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.

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.

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.

5. Degrader and Collimator for Deflected Beam.
The beam enters at right. Reading from right to left: beam port,

. vacuum valve, degrader, collimator, steering magnet.

6. Part of Beam Transport System for Medical Cave before |
Installation. Beam enters at left. (a) quadrupole. (b) beam tube.':
(c) beam plug. (d) vacuum window.

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

8. Medical Control Room. Facilities include TV receivers for

. viewing patient, dosimetry, remote controls for p051t1oner, and .
. '"off'" control on'the Cyclotron.

9. Model of Proposed Human Positioner. This device is designed = -

_for irradiation of any part of the body.

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

_ translated horizontally and vertically.

11. Meson Focusing Quadrupole after Installation. The dee tank
is on the left and the Meson Cave sh1e1d1ng wall is on the right.
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