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The farst plaase of the Helifield Heavy Ton e
Ft~t‘d'th tavriity wall beesye operational in late
The status ot jlans for aldition of a larger
r accelerator is discussed. |

Introduction

Atothe trae of the last Gyclotion Conforence, we
weit in the earls stages of hegirring the Hr"-( rhase
¢t the fiolrdreld Heavy lon tesearch Yacility [HUIRF)
and were propesirg the additicn of a second phase
tascd en A reen- ux;u‘.\lure-, separated-sector cyclo-
rror. 1T This cyclotion, with an encrgy constant of
b o= 307 would have Neen capable of providing uranium
fons with 174 of at least 10 “eWprucleon when injected
with the 25 MV tander of Fhase T, Since that last
rectitg, goud progress has been made on construction
of thuce 1 of cur facility., 1 ar scrry to say that . § R -
leapite cun efforts Fhase IL 1w still xm beyond the Fig. 1. The l!g]:fiuld fleavy Ton Resesrch Facility
]r;[“)_\.nl stage.  These last threc years have seen As at Oak Ridge
nary evolutinne in our preposed Thase 11 booster »
cvalotren, ard this pajer is intendel to provide a
brief tastofical roecerd of this cveluticon, scme of the
rrasuis for these changes, and the present status of
var plans.
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The preseet thare of copstruction is centered (
arent bothe additi o nonr o 2% MV tandun electrestatic ! |
accelerater to vur exarsting cyclotron facility. The | :
ren tanden has been drdigned with particular attenticn | ] S[c"u“l HHA""
to teatures cuch as transpgrt cptics, vacuum; amd | i
Jiagtostics that should erhunce its ability to acceler- e U ath i
Late heayvy jons. (ur existing isochronmus cyclotren ; : ;
(CF10) has been rodified to serve as a booster atceler- ) '
ator wiien injected by the new tanden, The two acceler- ‘ ! on
ators are adlso capable of completely independent { ! ¢
operation, | . W o ’ o
“ " .‘/,.._'\ fag
Construction on this phase is proceeding well, | e T .
The tuilding is essentially finished, the large.pres- ' || -t g— -
sure vessel has been completed and tested success- —_— (T - 1
fully, the major modifications to the ORIC have been — , X :—."!
completed, and installation of the tandem inside the ELIT ~ v |
pressure vessel has begun. 1 il \
A view of the HHIRY building, showing the newly N
completed tuwer, which houses the pressure vessel fc_ur Fig. 2. Vertical section of the IDIIRF building
the 25-MV tandenm, is shown in Fig. 1. A cross-section o
of the facility, illustrating the relationship hetwecen i } o i 3,
the new tandem and the ORIC, is shown in Fig. 2, One . The Thnse-1 facitity is scheduled to be oper-
feature of the 25-Mv tandem,? readily apparent from ational in OctoLer of next ycar., A plan view of the
the figure, 15 the “folded” configuration, This facility as it is expected to ook du‘ring carly
feature has been introduced since the acceletator has operaticn is shown in Fig. 3.
become large encugh, from electrostatic considerations,
that both lew- aund high-encrgy accelerating tubes can HITRF Fhase-11/77 >
be accommodated within the same column structurc. The : .
tander is being built, to our specifiditions, by The ion energy performance that will be available
tatienal Electrortatics Cerporation. Perfurmance from the 25-MV tandem snd the Phase-1 facility is shown
specifications call for U prA (6 » 1012 fons/sec) for in Fig. 4. Singe the vse of ORIC as a hooster scceler-
all ions. = ator will provide jons only up to mass 160 with cnergies
ahove the Coulombh bLarrier, the facility has been-de-
N N signedl with an eyc towards later addition of a larper
STk Ridge hationnl Unloratory, 0Oad Ridge, TN 37830, booster accelerator to mate avallable the full range
Reaentch spenanted by the iviolon of Besic Tnergy of fon masses, The proposed booster accelerator dis-
Sctences, U5 Bepaytment of Leergy, nndes contanct cussed at the 197% cyclotron tonference was & separated-
W 7405 kg d6 with thedulon Cobide Corporntlon. sector cyclotron with an energy constant Ky o 300, 1his
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Fig. 4. Comparison of ion cnergy performance =

capabilities for various accelesrator
facilities

size machine was essentinlly a compromise betwesn
minimizing costs and still providing at least 10 MeV/
nucleon for uranium ions.
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was preposcd is shown in Fig. 5, with the perforrance
capahility shown by the dashed line in Fig. 4. The
philosophy here §s very similar to that of our previous
proposal with the use of cither the 25-MyV tandem or
the ORIC as the injector and minimim disturbance of
the Fhase- l areas. There werc, however, sore detailed
chnngcs in®design.,  The injection line is slightly
more complicated in order tc accommodate the cffect of
the valley field, as determined from our model measure-
ments, ‘on the range of magnetic rigidities of rarticles
to be injected.® A decision was made to adopt a
vertical resonator design in place of the previous
radia) structures. The vestical half-wave rescnators
offered a significant reduction in power consumption
as well as>an increased frequency runge.  The new
desxgn eliminated the flat-topping electrodes of the
previous designewhich added to the potential power
savings. This decision was based on our ‘judgement
that the required beam quality could be attained by
improved buncher performance. The prototype double-
drift hammenic buncher® devéloped for injection of

= ORIC from thic 25-MV tandem has tested very satisfacto-

rily and could equally well provide the required bunch
timing for“the K « 400 separatcd-sector machine.
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Contourcd slot to adjust the magnetic
field contour shown on thiolower pole
of one seetor o the 0.15-scale model

Another change preposed for the:separated-sector
machine is illustrated in Fig. 6. Contoured slots an
the bisector of each sectur magnet pole face provide
an wvelaye ticld contour “for isochronizing particles
ta halt the full energy cnplbl]xt)-—ln this case, 50
MV, nucleon,  This means that che trim coils, instcad
of addicg to a tlat hate field, add or subtract from
the ntermcdiate field. Regquired maximum currents are
thus reduced by a factor of 2 and electrical power
reduced by a’factor of 4,

’ I0RE Phase-11/78
Despite our optimism and cnthusiasm over the
preposal for the K = 400 separated-sector cyclotron
bocster, it failed to receive support in the 1979
budget. The consequent delay®n beginning a booster
accelerator for this facility has resulted in a de-
cision to make a major change in our proposal.
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ook g teward what type tasility would best
serve experimoptal programs of the last half of the
next decade, the desire for increased cnergy caps-
bxlxt) stands out most clearly. Unfortumately, there
secms to be no way 1o significantly increase the
energy perfornance of-the scparsted-sector cyclotron
booster within reazonable bounds of project cost. The
energence of the concept for’n high field Isochronous o -
cyclotron,5:7+€:% utifizing superconducting main field
coils, offers the possihility of providing the increase
in ion encrgy pcrtoamnnce while at the same time
offerxng # savings in both censtruction snd opera!xng
costs. ;

A design prepared for consideration in_the 198D .
budget is illustrated in Fig., 7. Based on s 2.1-mecter ;
3.sector cyclotron, with superconducting main coils to
provide a maximum avernge field of S Teslal, this
layout departs significantly from our previocus pro-

.posals. FPreliminary characteristics of the accelerator
are listed in Table 1. A schematic plan yiew section
of the cyclotron pole is shown in Fig. B8 ajong with a

view of the proposed resounator illustrating the idea
of utilizing a twin dee stem configuratio?f A vertical
The

scction of the magnet ls illustrated in T}g S.
waxioum bending constant of Ap=1200 along with focusing,
limitations for lighter ions yields the performance

curve shown in Fig. 4. a

The higher ficlds of this accelerator and the
higher rf frequencies are no longer compatible with
use of the ORIC as an alternate injector. The higher
frequencies also require tighter bunching of the in-
jected beam and would pecessitate addition of »
temminal bunchiex to the 25-MV tandem. The luyout of » “
Fig. 7 11lustretes the proposed rearrangement of the
existing ORIC areas {ncluding utilization of the ORIC
vault for experimental arca. A feature of this layout .
that we think will be an essential component of: «ll
ofuture facllitdes is the provision for beam sharing.
The “beam splitter” consists of a 1.25- m-long set of
rf deflection plates and a 4 1/2-degree scg/;m magnet.
Two conventional bending magnels follow *b septum
magnet and small steering, mngncts precedi/and follow
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~oabte beoae .

- o
Energy” constant, hending, Kn.' MeV/A 1200
Energy constant, focusing, Xf,' MeV/A B 3o
Poman‘ Tesla-meters .- 0 5.08
Averape beam radius, extraction, meters 1.02
Numbers of sectors 5 3
Flutter, 1/2 12, typical ! 0.015
Magnetic fxeldwspiral, dJegrees, r-meters 5-173.2 r
Injection radius, cm, min, max K ’ 16-3?
Energy gain raio, E[/Ei' min, max il 10-40
Frequency range, Miz 30-72
Harweonic range ) 3.7
Dec angle, degrees ‘ 45
RF power, }W/dee, max at 75 Miz - 75,
Magnet weight, U.Saytons ’ ~530
Magnet heipght, ft, in, 13110
Magnc} di%mctur, ft, in. 15' o

K
*Thwﬁichicvub)e energy is limited either by bending ac-
2 e .
cording to E = K, 4 or by focusing as F = Ke a/A.
A2 g
|
The Crossover oceurs at q/A = K /l or, for this

cyclotron tandem ccmbxnatxon. nt lbout A = 150,
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Fig. 8. Flai view and section of the Fhase-11/78

¢ cyclotron o
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the sdeflection plates. By operating the deflector o
plates on a subharnonic of the orbit frequency, heam
pulses can be alternated between any, two of the princi-
pa) beam lines or shared amonp nll three, For oper-
aticn in a single beam line, the deflector plates mre
not used and displacement is provided by the steering
muynrts A duplicate deflector system on the heam”
line from the I5-MV tandem allows similar sharing of
the direct tandem beam. This system, then, provides
the capability of accomnodating up to threce simultane-
ous experiments, .

Although this propo%ul did not precive the
cndorsement of the KUSAC Facilities wu!vu\rrml tiee for
tnclusion inthe 1980 budpet, it wis recommended that
the proposal be further develdped with considrantion
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Fig. 9. Elevation sectior of Phase- 11/75

cyclotron

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

" Future Options

Two possibilitics beyond the accelerator dis-
cussed in the previous section have been cxplored.
These options have becn developed in response to two
questions: (1) What typc of fncjlity would be re-
quired to provide (nLrgxcs ofo at” least 100 MeV/nucleon
for all ions? (?) What_ is the prlct:cal “limit to the
size of a supcrconductxng cyclotron hooster?

To produuu uranium ions of 100 MeV/A, a single
booster fellowing the 25-MV tandem would need an
energy constant K 2 3000. Since this appears,

a priori larger than practxcal. a more effective way
’to achicve this energy scems to be multistage acceler-
ation. Fcrformance of omne. posslblc solution is shown
in Fig. 10. lere, the 25-MV tahdem would be followed
successively by K = 600 and K = 900 cyclotrons with
stripping between each stage of accelerstion. The ion
cnergy from the first booster cyclotron is chosen to
produce 8 stripping ratio of 2:1 bcthcen cyclotrons.
The tandem terminul voltage rcquircd to produce the
correct charge state for the Tirst cyclot:on is also
indicated in the figure.
practical to design two cyclotrons of the same size.
{the same performance could be achieved'with two K =
850 cyclotrons) the injection condltions\for the 25-MY
tandem are better satisfied with the sxzes\shown

Of course the three-stage facility dog¥ introduce
the additional complexity of two injection: nnd two
extraction systems btut, the major drawhack is thc ‘sddi-
tional loss ofimcengity introduced by the secqud

e i
stripping. hergies s!@un in Fig.- 9 are achievable
with 1ntcns/tlcs of !0 \pnrtICIES/SLC //lr’iﬁgxtxcs
for Fig. 1¢f are of the >\§§r of '91,_./4‘/5=°- Even

> 50, lﬂtLH‘b&ies from the tigece- -stAge flclllty woiild be
two orders of‘magnltudc abovc~uzacr proposals for

facilities covering this energy(yange. y
)

Our wmost rccent studies of a large single hooster .

cyclotron have heen influenced by the recent clnsing
of the Spaco Madiation Fifects Lakoratory and the
possibliity that the lurge yole of the SRLI synchro-
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“Fig. 10. lon encrgy performance for a double cyclo-
. i tron booster injected by the 25-MV tandem.
K " The dashed“line shows encrgy performance
! without the internediate booster. The
@ © ' “terminal voltage requirement for three-
stage operation is also shown, ~
* n o n
o s
@ cycletron might be available for conversion to another
b accelerator. HWhat type cof booster cyclotron might be
built utilizing this magnet? )

One possibility of & lurge high-ficld machine 5
utilizing the SRLL yole is shown schematically in Fig.
1. Apole diameter of 3,9 m is selected to operate
at average field levels up to about 3.5 Tesla while
maintaining fields in the yole at about 2.0 Tesla,

Enoﬁﬁy constant, bending, [“, MeV/A 15C0
Fnerg&'cnns!ﬂnt, focusing, Kf, MeV/A “ 600
Bo Tesla-meters ' €.6

max’ B ‘
Average beam radius, extrdction, meters

- Nurher of sectors

Magnetic field spirsl,

8-degrees, ‘r-meters 9=5in

. %fergy goin y}tio. Kflfj, max 50
Freguency range, Miz 9-18
Harmonic range ° v 1,2,3
Dee angle, dugrees 90

2360

Magnet weight, .8, tons: o

i

The machine concept discussed here differs in s

, number of important aspects from other large (K 2 R00)
superconducting cyclotrons presently under. considers-
tion, Since the upper energy limit for a machinc st
these ficldMevels utilizing onfy 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 alsc becomes advantageous
to use a four-sector geometry and to case the path:
constraints on the injcction trajectories by relaxing
the spiral angle somcwhat, Valley coils introduce a

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

° Shown in Fig. 11 are injection Joci computed for
two calculated Tields. One to accelerate uranium ions
to SO0 MeV/nmucleon and the other to acéelerate carhon
ions to 300 MeV/nucleon. The ursnium case does mot
Tequire any field contribution from the valley coils,
while the carbon case requires s 1.0-Tesla contribu-

The ¢ffective encrgy constant kg for this cyclotron tion. Focusing frequencies for these two cases are
;huld Ve 1500, Coupled to the 25 MV tandem, this shown in Fig. 12 In the case of the lighter heavy ions
Shonld yreld vraniun ions with energies in excess of ’ ; K °
: €0 MeV/nuclvon.  Sem@ parameters ofothis accelerator 0.5
wre listed in Table 2.7 T ! [ T P
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needed not only to provide sufficient flutter to

ohitan tacusing but also to reduce fields along the

injection path 1n order to natch the magnetic rigidity

of the beams provided by the 25-MV tandenm.
°

ot

a o

)
The valley field contribution. produced by reom
tenperature coils would be limited to abont 0.5 Tesla
for dccnp[db]c jewer levels.
JJipht heavy ions weuld be about 250 MceV/nucleon for
“this configuration, Tor valley fields above 0,5 Tesla,
suj.crcondncting, coils would be requiréd.

The nagnct as shewn here would have s rather wide
wedinn plane gap, the total O]eanL between pole tips
being 23 cm. The laminated structure of the SREL
eyclotron yolke does not lend itself to & vertical dee
structure and two 80-deg radial rcsonstors are shown.
The gap sizc is choren to mccompodate these-acceler-

.ating clectrodes and a circular trim coil platter on
cach pole face, This structure implies limited pene-
tration across the median plane by the. cryostat. This
may require a cryostat design that takes most of the
load forces biack to the yoke.

The top energy for the o

[

The bcan cxtraction path shown if Fig. 11 could
-be accemplished using two 80-deg electrostatic deflec-
tors .operating at 160 FV/em, Ly two septum magnets of
the Sume lenpth operating with fields of -0.08 Tesla
or by a cunhination of these clements. ThesT initial

. elarents would be followedoby a 0.9-Tesla magnetic

7

o

o]

channel.

(SN f

<A pos>lhle qt;uululu for the 90-deg rcsonnlurs is
stetched in Fig. 13, The resonator structurc has a
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Fig. 13. Possible design for accelerating

clectrode

rectangular cross-section with a 2,5-cm aperturc and ™

nominitl 5-cm spacing dee-to-ground,
15071V, Thg structurc has some increasc in height
beyond the pole but is still limited by the cryostat,
Reyond the cryostat the height is increased to provide
spuce for support structure and vacuum pumping, A
movable shorting plane tunes thc resonator over g 9-
to 18-Mitz range. y

Exl

Design voltage is

6

L6, J.H.

“ oy

Crptulna AT R EERY N ,‘\ : .

JIC ents some anterosting poss:!:lllizh, snc of which

has bren outlined here. At this writing, the chance
for such g conversion is uncertain, 11m construction
of & high-field cyclotror of this siz¢ ‘does not need
to depend on such a conversion. Houcver, starting
with a new yoke would llkely lead to s few conflgu-
ration, . w

° Sumrary “

ﬁc arc at the prescnt time actively pursuing
design studles for sevaral cptions of a hooster cyclo-
.tron for Phase 1] of the HIIRF. It seecms most likely
that the final chcice will ke for a single-stage
booster in the range of ¥ = 1200 to 1500. Ke look
forward to being closer to the realization of such an
sddition to our facility by the time of lhe neat
cyclotron conference. -
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