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Abstract

A conceptual design for a very low velocity
(.007 < v/c < .07) superconducting heavy-Ion ltnac Is
reviewed. This type of llnac may have significant
cost and performance advantages over room-temperature
Hones, at least for applications requiring modes,
beam currents. So«e general features of the design t>t
very-low velocity superconducting accelerating struc-
tures are discussed and a design for a 48.5 MHz, v/c -
.009 structure, together with the status of a niobium
prototype, Is discussed In detail. Preliminary
results of a beam dynanlcs study Indicate that the low
velocity llnac nay be able to produce heavy-Ion beams
with time-energy cpreads of a few KeV-nsec.

Introduction

The recently completed Argonne Tandera-Llnac
Accelerating System (ATLAS) accelerator consists of a
9 MV candem electrostatic accelerator Injecting a
superconducting llnac that has an effective accelera-
ting voltage of approximately 40 MV. The tandem Is a
modified FN-model machine, using foil stripping In the
high-voltage terminal. The llnac consists of an array
of 42 Independently phased superconducting niobium
resonant cavities of the split-ring type.

Performance of the ATLAS system Is limited by the
characteristic* of the tandem electrostatic Injector
In two significant ways: (a) beam currents are rela-
tively low and (b) foil stripping and the snail size
of the tanden restricts useful Ion species to the
lighter half of the periodic table.

As was discussed In an earlier paper, a cost-
effective way of overcoming these limitations scene to
be to replace the FN tandem with a posltlve-lon source
and a saall superconducting llnac. Because the
velocity of the Ions Involved Is a factor of five
lower than can be accelerated by present supercon-
ducting resonators, the proposed llnac requires a sub-
stantial extension of existing superconducting RF
technology.

In what follows, first the over-all conceptual
design of the Injector Is briefly reviewed, and then
the design and development of very-low-velocity super-
conducting resonators Is discussed with eaphasls on
the technically difficult low end of the velocity
range. Sose results of a bean-dynamics study are
presented, and the status of a prototype supercon-
ducting resonator is discussed.

The
electron
source
*ccelera
required
will be
analyzed
llnac.

Elements of the Injector Llnac

first element of the Injector will be an
-cyclotron resonance (ECR) posltlve-lon
mounted on a high voltage platform. To
te uranlua beans, a 350 KV platform will be
. The highly charged Ions froa the ECR source
accelerated te ground potential, bunched, and
before entering the superconducting Injector

The tlnac will consist of an array of short
superconducting resonators. Interspersed with super-
conducting solenoid focussing eleaencs and arranged in
several modular cryoststs. A tentative Isyout for the
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Figure 1. Schematic representation of the Initial
cryostat module of the proposed superconducting
Injector llnac.

first cryostst nodule Is shown In Figure I. Solenoid
focussing elements are highly effective at lou veloci-
ties and since superconducting solenoids have been
used very successfully in ATLAS, somewhat smaller
solenoids of the same basic design will be used in the
Injector llnac.

The viability of this type of llnac relies on the
fact thas short, high-gradient superconducting accele-
rating structures can be closely interspersed with
short, powerfully focussing superconducting
solenoids. The rapid alternation of radially and
longitudinally focussing elements ssintalns the bean
in such the same way as does a Wideroe structure with
quadripoles in the drift tube, but with the simplicity
and versatility of small. Independently controlled
•odular elements. Also, the high KF efficiency of
superconducting resonators is particularly advan-
tageous at very low particle velocities.

A tentative injector llnac design calle for four
different resonant cavity geometries which would span
a range of particle velocities froc .075 c to .07 c as
shown In the energy gain curvei of Figure 2.

The resonant cavities would be of two basic
types: for higher velocities r. two drift-tube, 3-gap
structure operating at 48.S KHs will be used. An
attractive geometry (or this type would be a low-
velocity versloji of a recently proposed half-wave
heavy-ion accelerating structure. At lower
velocities a 4-gap, forked drift-tube structure shown
in Figure 3, will be used.

Although a single drift tube, two-gap resonator
Is conceptually stapler than the proposed forked
drift-tube structure, the latter will provide twice
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For .1 nlven transverse iw.-h.nili-.il i c - . - l - i it Ion,
th..- displacement of a dri f t tub- it th.. •••i.l ol •
transnitsslon l ine w i l l vary -is at l eas t the cuh.- ->f
the length of the l i n e . Also , the et f.-ct of < < l « n
displacement on etgenfrequeney uill V- Inverse ly pro-
port ional to the c a p a c i t l v e i?ap between the d r i f t
tobes or wavelength alon£ the beam a x i s . Thus, .'.oln<
to lower partlcl i* ve lo--i t l e - by .-lth.-r I w i l i . ; : !ic KF
frequency or by reducing th.' va-.v len>',t h rapidly
worsens the mechanical s t a b i l i t y ol a superconducting
-iccelorat ini» s t r u c t u r e .

A c o a x i a l , c y l i n d r i c a l ly symmetric tfe.uvi rv for
the transmission l ine has two proper t i e s of p a r t i c u l a r
advantage for the present a p p l i c a t i o n . The s i m p l i -
c i t y of the tfeonetry makes It f e a s i b l e to construct a
l ine with a s u b s t a n t i a l taper , providing a hl£h decree
of laechanlcal s t i f f n e s s . Al«o , for a «lven d r i f t - t u b e
vol tage or a c c e l e r a t i n g f i e l d , the RV energy >f a
coaxia l l i n e , to the ex tent chat end e f f e c t s c-tn he
Ignored, depends only on the r a t i o of l i n e diameter t o
housing diameter. Thus the diameter of th.? 11-ie can
be increased, o b t a i n i n g good mechanical s t i f f n e s s
without paying a penal ty In terns uf l;icr«as in," the 8F
energy content.

The F-type Resonator

Figure 3 shows the cross sect ion of a 48. 5 HHt,
8O • .009, 4-gap accelerating structure (hereafter
referred to as the F-type resonator). This resonator
geometry wil l useful ly accelerate par t i c l e s with
v e l o c i t i e s as low ggg-QQ^ c and would provide for the
acceleration of U In the proposed Injector
l inac.

The outer cy l indrica l housing has an 8" ID and an
overall length of 42 Inches. The tapered center con-
ductor Una a dl4.*t»ter of 4 Inches at the short e l end
and tapers to a diameter of ? inches at the hl>;h-

end. The forked i'rlft tube straddles a low-
counter dr i f t tube, both of •>."> Inch diameter

in the transverse plane. The drift t«ib~ diameter Is
larger than required to shape the f ie ld >*'\ th.* h.'.m
axis In order to provide a lar^e capacftlvv loi.f an.I
shorten the transmission lln-;, thus I ucr.-.is In.'
mechanical s t a b i l i t y .

Table 1 compares the electromagnetlc properties
of the K resonator with th..- s p l i t - H u t structures
currently in use In the ATI.AS syste:». The peak
surface f ie lds are acceptably low, and |wrforcMice Is
expected to he limited by electron loading. 'hi the
basis of performance of r.;son it irs In the ATLAS
syst.-», aco-ler^t Ing cradl.-nts of ) MV/m .>r Ulnher
should hi.- obtainable in the F-typ.* resonator. At . this
>;r.i.Ilent , t vlnKlf F-type n-souat or w>uld provl-I- in
.-tl'-i-ttve ace-U-rat I lit', potential •>( JiHJ KV.
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A i'rototyptf SupercortJucttn)t Siobluo Resonator

Construction of .1 prototype niobium supercon-
<1iiccln.< resomtor IKIS been Init iated and I s , at this
w r l l tt i i? , .'lppro>cl in.it .»\y HOt c o m p l e t e .

The o u t e r h o u s i n g jf t h e r e s o n a t o r ind t^ie
counter drift tube ire constructed of explosively-
bonded nioblua-copper composite which provides good
ther«.il stability Conether *lth hlnh «cchantc»l
strennth.

The oyttr houclng of the prototype renonator han
b«en explosively bomled directly In cylindrical forn,
<; 11»1 noting « difficult *ean weld, and reducing con-
struction costs. The 8 Inch ID tube used for the F
resonator will also serve as the outer housing for the
next two of the three remaining reiomtor types
r<M|ulr«d hy the Injector.

The t*|»«r«<] U M . hae. been foracd by welding two
h.ilf ••.ines of .'MO Insh nlohlnn sheet.

The forked dri f t cube Is he Ing formeJ fron *
solt.l piece of nlobltia, with a few coollnK channels
•Irilled into the so l id block. The recent ava i lab i l i ty
uf very hly.h th-.Tm.il conductivity ntohlu« pernlts this
>:o*t-ef feet Ive tpproach without lit^.r.idlni> the thernwl
s t a h l l l l v of this c r i t i ca l coaponent. ' Tlw use of
.'jolln/, riMitnels 1:1 i sollit block lncreasus by a
ficl'ir of s i* the distance heat must f low through the
nlohliim when 1'omp.ired with the present drift tube
.IvsltC'i. The drift to bet .ise.l In the current ATLAS
superi:oMi1iiot Inii cav i t i es nre hollow, with I.S iMi wall
thickness and cooled by nucleate bollliiK of llauld Hi>
Ins l le the drift tube. The therwtl conductivity of
the •il'ihliii* to he used for th« drift tube of the F
reson.it'ir h.is bi'en ne.isure:i) nn*i foiind to be nearly tmn
:l:»-s larger th.m typlc.il v.tlues for the rc.ii:tor-nr;ide
•il.»blu-:i Currently eniiloyed. Thus the use of cooling
•h.in:i.-ls wil l not d..-xra«te the thermal st*bl Hty of th«
drift tohe is (:ow|)jired with current |i r.t.ji t.-.-.

SCALE (inches)

Figure 3. Cross section of the F-type resonator. The
Ui.5 HHz resonant cavity Ms four accelerating M»«, a
clear aperture of. 1.5 ea an4 an active length uf 10
C M .

Sone le.i» Dynaitcs In the Resonator

The beam dynamic* of the f i r s t resonator In the
Injector -tre particularly Interesting beri.is..- "f t he
exceptionally lar^e energy change of the beam within
the resonator and also because pf the small aperture.
For the case presented here, ™Nt''* from a 200 KV
platform, the beam energy more than doubles In
traversing the four .icceler.it Ing JMP* of the f i r s t
resonant cavity.

Ou and near the beam-axis the e lect romagnetlc
f ie lds can he represented very accurately by A uear-
flei«l e l ec t ros ta t i c approximation with cyl indrical
symmetry. The e l e c t r i c f i e lds h«v.? b.;.:n ••nlculateil
numerically, uKlng the method <if moments, from the
drift tube geometry. The results presented here are
for hunches of 500 part ic les randomly distributed over



•.ho i ' l i B ' . ! Incident pli.is« space voluae and Hii
- i ! N i rn 'c l through the resonator with 4 0.5 m
><>.< -1th radial v.irlat i.m of hotli I •>».•! ltu<iln<il and
transverse Holds taken Into accimnt. Thl* ca lcula-
ttonal i;»pr.iach is .1 straightforward, hrutc force
iw.ifc-rlc.il •».•:'! >.) Jlitch Includes from the outset
vlrt tally i l l the •>'.>>ct rmugnet fc forces experienced
hv 1 pirt ic l . ' t rave rs I n>* the resonator.
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•201 _i J I .

-2 -! C I 2
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-ll
-20 -10 0 -200 0 200
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Figure '-. Calculated dynamics of a 5 8 N1 1 3 * beaa with
entrance ve loc i ty i ( n • .0098, traversing an F-type
reso:Mt>>r jpor.itln^ at K • 3 MV/in. Exit ve loci ty Is
3 o u l " .0142 and th<> wntr^nce RF phase Is 26 degrees
In ailv.«t\c« i>{ syn '.rxi in-; phase. Curve A - Transverse
p h ^ s v spHCf. Th.» f t i t t fr i i i )? hunch l i^s ^ t r a v e r s e e m i t "
t i n c e -. • 2i) n raB-mr ti l . Curve B - L 0 n g l t u d l n . 1 l
l i r o p t r ' . l . ; s if .1 hiim-li • • n t e r l n i ; w t t h ivr-> t i m o - o n e r g y
spreH.I t.i ^h.iw e f f e c t s .>f r.i.)1.)l v a r l . i t ( o n of t h e
l o n i ; l : u . ! l - \ 1! i . - r . ' I . ' r . u ln>; f l . ' l . l . C u r v e C - L o n g i t u d i -
!i:i! ;i>vi<i' •,|i.i-.:o is<iiiinl:i|>. in I n j i - c t o i l hunch u i t h a
1 *i:) p*; : I rr.,- w t . i t h .m.1 x •'* Ki»V-nsec t I w i ' n c r ^ y ^ p r e ; i d .

Initial
effect* would
nuaerloil r*«
phase itpace

c*tia*te«
he •• . i l l ir,

for a M N t '
entering eslttancv i>f 20

Chat
; horn
f 4A a

i — •

raJIwil
oat by the 4*t*tl*A

ihow* the traiM««r*«
the «»|tecc«J

0«fac«««lmi
ef fec t s are i)nlt« al Id and gire-ient no <l«slj(n

figure 4ft shows the tImc-i-ner^y <pr<ad Induced In
.1 hunch with th>: ihove t r.»iwv.'rsi- pr i;>frt lef , hut r.ero
In i t ia l tlme-cnoritv si>rt-.n1, by off-.ml* variations of
tlw 4Cceleraclni( f i e l d . Tlio Induced Kpread of
.05 ICeV-n»oc is extremely small in.) show* clearly that
fInlte-apertvire e f f e . t s In chc lou-veloclty rexonator
wi l l not he .1 practical Unit •»! he.ia quality.

Figure *C shows the loni(ltudtn.il pli.i«e-*pace for
a bunch with the a hove transverse ,>ruperties .ind an
ln(t la t tli»- energy spread that .issno-s ttiat x t ine
wtiilti of 1̂ 0 |itcosei'<iu<ls .ml < 1 l<*e-enori{y spre-iJ >if 4
KeV-iisec can Se iclileved f ro;n the siiurce. The
additional ttac-ener^y spread .ic>|ulred In traversing
this f irst resonator Is less ih.m O.b KeV-nser, an.l t •»
expe.-tfil to ho oven less for S'llist'.j.i.-iu resMi.itors.

Results s«ch .is the ibuve ln.Hc.ue [hi: the llna<:
wi l l be Intr ins ica l ly capable .if »ery t>!>;h he-im
quality, and the act<iil ll.nits ire HVely to be set by
extract ion, bunching, and analyzing systems. The
anticipated total time energy spreads of a few KeV-
nnec for the case presetted compares very favorably
with the 50 KeV-nsec that would !>• upl iMl if .1 high
quality tandem-produced tHram.s.
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