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c t e d l y t h e new tar . - lcn. I b o two a c c e l c r -
c a p a b l e o f co t r . p l e t c ly I n d e p e n d e n t

C o n s t r u c t i o n on t H s p h a j e i s p r o c e e d i n g w e l l .
1h<- r i i i l d i n p i ^ e s s e n t i a l l y f i n i she t ! , t h e larpe-j p r e s -
s u r e v e s s e l h a s been c o m p l e t e d and t e s t e d s u c c e s s -
f u l l / , t h e n.njor m o d i f i c a t i o n s t o t h e 0R1C have been
c o c i j ' I c t c J , and i n s t a l l a t i o n of t h e tandem i n s i d e t h e
p r e s s u r e v e s s e l h a s b e g u n .

A view of t h e HHll'.V b u i l d i n g , showing t h e newly
compU-ted t o w e r , which h o u s e s t h e p r e s s u r e v e s s e l f o r
t h e 25-MV t andem, i s shown in P i g . I . A c r o s s - s e c t i o n
of t l ie f a c i l i t y , i l l u s t r a t i n g t h e r e l a t i o n s h i p be tween
t h e iKW tandLfii and t h e OIMC, i s shown i n r i g . 2 . One
f e a t u r e of t he 25-MV t .mJt jm, 3 r e a d i l y a p p a r e n t (vom
t he f i g u r e , i s t h e "1'oUled" c o n f i g u r a t i o n . T h i s
f e a t u r e h.is been i n t r o d u c e d s i n t e t h e a c c e l r i a t o r l ias
becor.e l a r g e cnt-uyl;, from e l e c t i o s t f l t i c cons j d e r a t i o n s f

t h a t b o t h low- and h i g h - e n e r g y a c c e l e r a t i n g t u b e s can
be accommodated w i t h i n t h e r.ame column s t r u c t u r e . The
tanJc i r i s b t i i i j ; Ini i 11 , to o u r s p e c i f i c a t i o n s , by
T.n t i cna 1 1.1 ci 11 u; t ;it i c s C 'c rpora t J o n . P e r f o r m a n c e
s p c t i l i c a t if.ns c a l l f o r I pi-A (6 x= 1 0 1 2 i o n s / s e c ) f o r
Nl 1 i o n s .
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This ieport w»s prapwed as in •ccount of work
HKinsored by the United States Cowrnment. Neither * e
Umted Slates nor the UniieJ States Depariment of
Energy, nor iny of their employees. n « any of their
contactor*, nibcontnetois, or the* emplojmi. nukes
» y winanty. expreis or implied, or attunes any legal
liibihty or inpomihilHy fot the accuracy, compteteneM
oi uaefukwM of any inrormaiion, apparatus, product or
ptoccs dtickned. or represents ifiat its UK would not
infringe privately owned riflhfs,

Fig. 1. The Hoiifield Heavy Ion Research Facility
at Oa& Ridge

SECTIOMrM ELEVATION

F i g . 2 . V e r t i c a l s e c t i o n of t h e JOIIRF b u i l d i n g

(I
The riinsu-r facility is scr^ilulcJ to be oper-

ational in October of ne>.t year. A plan view of the
facility ns it is opected to looV during early
operation is shown in FTfc. 3.
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The ion tMiergy perfon- i . tnco Hint w i l l he u v a i l a t i l c
from t h e 2S-^1V landcm iir.d t h e P h a s e - 1 f n c i l i t y i s shown
i n Fifi. ^ . SJij-r,e t l ic u**' of 0H](' a s a t - o o s t r r a c c e l e r -
a t o r w i l l p r o v i d e i o n s o n l y up t o mass 160 w t l i e n e r g i e s
above t h e Coulomb b a r r i e r , t he f n c i l i t y lias b e e n ' d e -
s i g n e d w i i h an eyt tuwar«ts I n t e r a d d i t i o n of a l a r g e r
b o o s t e r a c c e l e r a t o r t o mjl.e « v : i i l n b l t t h e f u l l r a n g e
of i on m a s s r s . Ihp p r o j m s r d b o o s t e r n c c r l e r a t n r d i s -
cii'.f.cd M the- If>7•» c y c i o t m u l o n f r r t - n e c w;is n s r | ) a r * t r d -
^ e c l o r l y c l o t i o n w i t h nn et t r i py rnn i t t a i i t Kjj • .(00, 1 M »
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Fig. 4. Comparison ot' ion energy performance
capabilities for various accelerator
facilities

size machine was cssiMit i nlly n comiiromise betwevn

minimizing costs and still providing «t leftst 10 MeV/

nuclcon for uranium ions.
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was proposed is shown in 1:ig. 5, with thccpcrforriancc
Cii|>'ihi lity shown by the daslitd line in Tig. 4. The
philosophy here is very similar to that of our previous
Iiroposal wilh the use Df cither the 25-MV tandim or
the 0R7C as the injector and minimim disturbance of
the Phase-I areas. Tliere were, however,^ sorre detailed
changes inai!csij;n. The injection line is slightly
wore complicated in orJcr tc accommodate the effect of
the valley field, »s determined from our model measure-
ments, on the range of n.acnetic rigidities cf particles
to be injcctfil.1* K decision was made to adopt a
vertical resonator design in place of the previous
radial structures. The vertical half-w»vc resonators
offered a significant redxiction in power consumption
as well asAan increased frequency runge. The new
design eliminated the? flat-topping electrodes of the
previous desicn^which added to the potential power
savings. This decision was based on our judgement
that the required bean quality could be attained by
improved bunchcr perfonnance. The prototype double-
drift harmonic bimclier5 developed for injection of
P!!1C from tl.e 2S-MV tandem lias tested very satisfacto-
rily and could equally well provide the required bunch
timing for°the K - 400 sep»r»tcd-sector machine.

t r>f «dilj t Jon
11/7/

for



Fig. 6. Contoured slot to adjust the magnetic
fieltl contour shown on th^flower pole
of one sector op the 0.15-scale model

Another change proposed for the *scparated-sector
machine is illustraicd in rig. 6. Contoured slots on
the bisector ot each sector magnet pole face provide
an i.vi.i..ff tivli! contour "for isochronizing particles
tu h.ilt ll-.f i'u 11 energy capabiIit>--in this case, 50
McV, mtcKvn. 'Mu •• incuts that the trim coils, instead
of iijitii:;; to n tl.it 'r.ire field, add or subtract from
tti<- i titcn;ic.l i.ite t'ieJJ. Required maximum currents are
thus reduced b> a factor of 2 and electrical power
reduced by aalactor of 'I.

11111W Phase-11/76

Pespite our optimism arid enthusiasm over the „
prcpys.-il for the K = 400 scparated-scctor cyclotron
bocster, it foiled to receive support in the 1979
budget. The consequent delay°in beginning a booster
accelerator for this facility has resulted in a de-
cision to make a major change in our proposal.

touting Ui*.iid uhut ty| c tiuilil/ would lu-ut
scrvr expn'imintal |>ii'|Tiai>s of (lie tan In If cf the
noxl Jec.Vilc, the desire for inctensci rnerjy cny»-
bility stands out most clearly. Unfortunately, there
sotras to l-i! no way to significantly increase the
energy performance of the stparatcd-sector cyclotron
booster within reasonable bounds of project cost, the
encrfience of the concept for'a high field Isochronous
cyclotron,6»7'e>' utiliiing superconducting main field
coils, offers the possibility of providing the increase
in ion energy performance while at the same time
offering • savings in hotli construction and operating
costs.

K design prepared for consideration inthe 1980
budget is illustrated in Fig. 7. Based on * 2.1-acter
3-sector cyclotron, with superconducting main coili to
provide a maximum average field of 5 Ter,li, this
layout departs significantly from our previous pro-
posals. Preliminary characteristics of the accelerator
are listed in Table 1. A schematic plan view, section
of the cyclotron pole is shown in Fig. 8 along with a
view of the proposed rcsonntor illustrating the idea
of utilizing a twin dee stem configuration! A vertical
section of the magnet is illustrated in F,*g; 9. The
naximum bending constant of>g=1200 along with focusing
limitations for lighter ions yields the performance
curve shown in l:ig. 4.

The higher fields of this accelerator and the
higher rf friiiucncics are no longer compatible with
use of (he ORIC as an alternate injector. The higher
frequencies also require tighter bunching of the in-
jected beam and would necessitate addition of a
terminal bunch'cr to the ,,25-MV tandem'. The layout of
Fig. 7 Illustrates the proposed rearrangement of the
existing OIUC areas Including utilization of the OI'IC
vault for experimental area. A feature of this layout '
that we think will be an essential component of: all
"future facilities is the provision for beam sharing.
The "beam splitter" consists of a 1.25-m-long set of
rf deflection places and a 4 1/2-degree septjira magnet.
Two conventional bending magnets follow Jh^scptum
magnet and small steering,magnets precedi/and follow

Fig, 7. Proposed hi yout
for Phase-IE/76
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Energy'constant, bending, I: ' MrV/A 1200
u

tncrgy constant, iodising, V' ,f MeV/A t 300

PonJi, Tcsla-meters o 5.08

Aveiagc bean radius, extraction, niters 1.02

Nur.biTu of sectors •• 3

Mutter, 1/2 I2, typical 0.015

Magnetic field spiral, degrees, r-neters 0*173.2 r

Injection radius, cm, min, max ' 1 16-32

Energy gain rnio, E^/E., min, m i ; > 10-40

Frequency'range, Mlz 30-72

Harmonic range 3-7

Dee angle, degrees 45

RF power, MY/dee, max at 75 Mllz ; 75

Mugnet weight, U.S.-^tons ,, *\.53O

Magnet height, ft, in. 13'10"

Magnet diameter, ft, in. 15' 0"

ThC|l achievable energy is limited either by bending ac-

cord i.ng to I: = Kg 3— or by focusing as F. •= K, q/A.
A

The crossover occurs at q/A » KJ/^B Dr•

cyclotron-tandem combination, at about A

> f it a

r lnls

150.

fij ; . 8. Plan view and section of the l'hase-II/78
<•• cyclotron T
;•• ' n

1/
the '|di;f lect) on pl.ite.-;. By oper:it i nj; tlic deflector u c

pl.ncs on n suljhainonic of the orbit frequency, bcani

pulses can be alternated between ap.yo two of the princi-

pjj.hcam lines or shared amoiif nil three. Por oper-

ation in a single tie:un line, the deflector plates are

not used mid displacement is provided by the steering

jnii('.n|rts. A duplicate deflector system on the heain :

line, from the i\5-WV tandem allows similar sliaring of

the direct tandem beam. This system, then, provides

the capability of accommodating up to three simultane-

ous ciperiments. ,.

A11 houy.h Ihtr. proposal did not i^'-ccive the

etulot -.i-mrnt of t h r Nll?-A(; I j t i n t i i j s Stihc^irmi 11 ec f u r
i n c l u s i o n in ,the I'.IMO blld^i-t, it wits reconimendt'd th;it
t h e priipo'.nl b e l u i t h e r ilevel<V|ied w i t h c o n s 1.In nt ion

Fig. 9. Elevation section of Phase-II/78
cyclotron

given to possibilities of providing ever higher iorj
energies. The possible variations that we have
examined, to date, are all based on the basic layout
shown in Fig. 7;

Future Options

Two possibilities beyond the accelerator dis-
cussed in the previous section have been explored.
These options have been developed in response to two
questions: (1) What type of facility would be re-
quired to provide energies of"at least 100 McV/nucIcon
for all ions? (?) What is the practical1limit to the
size of a superconducting cyclotron booster?

To produce uranium ions of 100 MeV/A, a single
booster following the 25-MV tandem would need an
energy constant K * 3000. Since this appears,
a priori larger than practics.l, a more effective way
°to achieve this energy seems t.o be multistage acceler-
ation. Performance of one-possible solution is shown
in Fig. 10. Here, the 25-MV tandem would be followed
successivcly°by K •= 600 and K = 900 cyclotrons with
stripping between each stage of acceleration. The ion
energy from the first booster cyclotron is chosen to
produce a stripping ratio of 2:1 between cyclotrons. =

The tandem tcrminul voltage required.to produce the
correct charge state for the ?irst cyclotron is also
indicated in the figure. Although ii^oight seem mor-ST^
practical to design two cyclotrons of the same size »
{•the same performance could be Achieved with tvo K »
850 cyclotrons) the injection conditions\for the 2S-MV
tandem arc better satisfied with the sizes shown.

Of course the three-stage facility docs introduce
the additional complexity of two injection-apd two
extraction systems but the major drawback is the addi-
tional loss oJjsSrecjisity introduced by the second
stripping. /Sncrgies S}(own in Fig. 3 are achievable
with intensities of io'\ particles/sec. JjssSnfmSs?.,
for Pig. IC( arc of the c\dcr of lo'jLjjru-t/sec. Even

• so, intensifies from the fierce-st,|^efiici lity would be
two orders ofTnagnitude above=oT2ier proposals for
facilities covering this energyyfange.

Our most recent studies of a large single booster
i-yclntrnn have lncn influenced by the recent closing \
of the Spiuo 1'iidlntlon Effects Laboratory nnd the \
possibility that the lnrge ycit.e of the SRI I. synchro- :
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Fig. 10. Ion energy performance for a double c>;clo-
;.; Iron booster injected by the 25-MV tandem.
'r- The Jashed'"'line..sihows energy performance

without the iiiternvdjatf booster. The
'terminal voltage requirement for thrcc-
stape operation is *}&6 shown, "

cyclotron might be available for conversion to another
accelerator. What type of booster cyclotron might be
built utilizing this magnet? ^

One possibility of a liirge high-field machine .->
utilizing the SRV.I. yoi.c is shown schcmnticaHy in J:ig.
11. A ̂ pole diameter of 3.9 m is selected to operate
at average field levels up to about 3,5 Tesla while
ma intaining fields in the yoV e at nhout 2.0 Tflsla.
The effective energy constant KB for this cyclotron
ki'iiU! '•*» ISt:0. Couplcil to the 25 MV taiuUm, this

^itould yield tn.uiiun ions with energies in excess of
10 M'.V/imcleon. Scm'eL parameters of°this accelerator
arc listed in Table 2."
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I'1 «r» view o( IIOMSIQI c y c l o t r o n , :

u t i l i z i n g the Sliri. c y c l o t r o n yoke.
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Enrrev constant, bmding, Kg, McV/A ./

Fnergv constant, focusing, C,, NcV/A

Bp , Tcsla-irifters

AVCT.IJ:<! beam rjiUius, extrnction, neters

Niirihur of sectors

Hiijnctic field S|'ir»],
0-dcgrccs, 'r-wotcrs

Enerjy jain ratio, ' f/l:j • •>»«

Frequency nipgc, Mlz

Harmonic r^ngo

Dee angle, degrees

Hagnct weight, U.S. tons^

15CO

600

1.7

e>Sin

SO

9-18

1.2.J

90

2360

, The m.ichinc conctpt discussed here differs in M
I number of impcJrtant aspects from other Urge (K 1 M 0 )
superconducting cyclotrons presently under, considrr»-
tion. Since the upper energy limit for a machine »t
these f icld'^levels tit ill zi ti|* oidy iron pole tips to
provide flutter appears to be about 200 MeV/nucleon,
to go significantly beyond this requires the intro-
duction of valley coils. ' It also becomes advantageous
to use a four-sector geometry and to ease the path
constraints on the injection trajectories by relaxing
the spiral angle somewhat. Valley coils introduce a

, new dimension in tiic design of such machines by allow-
ing some flexibility in the control of injection
conditions.

Shown in Fig. 11 are injection loci computed for
two calculated fields. One to accelerate uranium ions
to 50 McV/nucleon nnd the other to acfielemte carbon
ions to 300 MeV/nucleon. The uranium case does not
require any field contribution from the valley coils,
while the ciirbon case requires » 1.0-Tesla contribu-
tion. Focusing frequencies for these two cases arc
shown in Fig. 12. In ttie case of the lighter heavy ions
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Fig. 12. facuiiiii^j duqurncies CHlctilnted using
computed f i e lds for two cases



•irrJril ni'l only lu pinviilr sufficient flutter, to
oM.tuv I'oiusiiig but also In rrtiuce fields a^ong the
injection path in oiil"r to watch the magnetic rigidity
of the b c u s provided by the 25-MV tandem. n „

T lie valley field contrihut ion proJuci'd by rocm
ttr.perature coils would be liiii t etlrto about O.S Tcsla
for acceptable titwcr Kvcls. Tlie top energy for the ?.
liglit heavy ions would be about 2J0 MtV/nuclcon for
this configuration, lor valley fields above 0.5 Tesla,
Mi] crcondiict ing. coi 1 s would be required).

The nagnei as frhuwn here would have a rather wido
redinn plane gap, tlie total opening between pole tips
beinf, 23 cm. The luninated structure of the 5REL
cyclotron yoke does not lenJ itself to 1 vertical dee
structure and two 00-dtg radial resonators are shown.
The jap sisc is choven to accommodate these accelcr-
,. atinr, electrodes anJ a circular trim coil platter on
each pole face. This structure iuplies limited pene-
tration across the median plane by the cryostat. This
may require a cryostat design that takes Host of the
load forces back to the yoke.

The hcan extraction path shown in 1'ig. 11 could
- be accompli shed ui.iny two 80-deg electrostatic deflec-
tors .operating at HiP tv/cm, by two septum magnets of
the same length .operating with fields of -0.08 Tesla
or by a ci.n.hinalion of those elements. Thesri initial
'clcisvnts wuu'UI be fol lowcd°by a 0.9-Tesla magnetic
channel. ^

(; A j'ossible structure for the 90-dej: resonators is
sViitched in Tir,-r 13. The resonator structure has a

i i I t u I r. 1 1 • . I ' i.' ! ' I i t • 'i'\ •

J-II <nts some itiiriisling possili li I i(/i, r'ni of wiiich
hat ':i'en out 1 ii <-.1 here. At this writing, tl.« chance
ior such a conversion is uncertain. Tire construction
of n liit;li-firli! cyclotron of this size' does not need
to Jci'cn.! on such a conversion. However, starting
with a new yoke would likely lead to a new configu-
ration. -. \\: •

•= Suwgary '

We are m the present time uctivcly (luisvitng
ili-sif,n studios for several c|.tions of a booster cyclo-
tron fur Phase II of the IIIII'I'. It 5f<ms most likely
that the final choice will he for a single-stage
booster in the range of I: * 1200 to 1500. Ke look
forward to being closer to the realization of such an
addition to our.facility by the tine of the next
cyclotron conference. ,
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Fig. 13. Possible design for accelerating
electrode

rectangular cross-section with a 2.5-cm aperture uml^
nominal 5-cm spacing dec-to-ground. Design voltage is
lSfl'kV. Thq structure has some increase in height
beyond the pole but is still limited by the cryostnt.
Beyond the cr>oslat the height is increased to provide
space for support structure mid vacuum pumping. A
movable shorting plane tunes the resonator over a 9-
to 18-MlSz range. :j
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