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Abstract

A conceptual design for a very low velocity
(.007 < v(c < .07) superconducting heavy-ifon linac is
reviewed. This type of linac wmay have significant
cost and performance advantages over room-teaperature
ltnacs, at least for applications requiring modes.
beam currents. Some general features of the design «f
very—low velocity seuperconducting 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, 1is discussed 1in detail. Preliminary
tesults of a beam dynanmics study indicate that the loy
velocity linac may be able to produce heavy—ion beams
with time—energy cpreads of a few KeV-nsec.

Introduction

The recently completed Argounne Tandem-Linac
Accelerating System (ATLAS) accelerator consists of a
9 MV tandem electrostatic accelerator injecting a
superconducting linac that has an effective accelera-
ting voltage of approximately 40 MV, The tandem {5 a
modified FN-model machine, using foll stripping In the
high-voltage terwinal. The llnac consists of an array
of 42 independently phased superconducting nioblum
resonant cavities of the split-ring type.

Performance of the ATLAS system is limited by the
characteristics of the tandem electrostatic injector
in twe significant ways: (a) beam curreants are rela-
tively low and (b) foil stripping and the small gize
of the tandem restricts useful 1ion species to the
lighter half of the periodic table.

As was discussed in an earlier paper,l a cost-
effective vay of overcoming these limitations seems to
be to replace the FN tanden with a positive-ion seource
and a saall superconducting limac. Because the
velocity of the 1ons involved is a f{actor of five
lower than can be accelerated by present supercon—
ducting resonators, the proposed linac requires a sub-
stantisl extensfon 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 developaent of very-low-velocity super—
conducting resonstors {is discussed with eaphasis on
the technically difficult low end of the velocity
range. Sowe results of a beam~dynamics study are
presented, and the status of a prototype supercon~
ducting resornator {s discussed.

Elements of the Injector Linac

The first element of the injector will be an
eleclrgn-cyclotron resonance (ECR) positive-ioa
source” mounted on a high voltage platfora. To
sccelerate uranium beams, s 350 KV platform will be
cequired. The highly charged lona from the ECR source
wiil be accelerated ts ground potential, bunched, and
:nnlyzed before entering the superconducting tnjector

inac.

The linac will coneist of an array of short
superconducting resonators, interspersed with super—
conducting solenotd focussing elements aud arraaged in
several modular cryoststs. A tentstive layout for the
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Figure 1. Schematic representation of the initial
cryostat moduie of the proposed supercenducting
injector linac.

first cryostat module 1is showa in Figure l. Solenold
focuscing elements are highly effective act low veloci~
tles and since superconducting sglenolds have been
used very successfully in ATLAS,” sowmevhat smaller
solenolds of the same basic design will be used in the
injector linac.

The viability of this type of linac relies on the
fact tha: shors, high-gradient superconducting accele-
reting structures can be closely interapersed with
short, powerfully focussing superconducting
solenoids. The rapid slternation of radially and
longitudinally Ecscuseing elements wmsaintsins the beam
in much the game way as does a Wideroe structure with
quadrupoles in the drift tube, but wich the sinpliicity
and versatility of amall, independently controlled
modular elements. Aleo, the aigh RF efficiency of
auperconducting resoanstors 1is particularly advan-
tagecus st very low particle veloctities.

A tentative injector linac design calle for four
different resonant cavity geometries uhich would span
a range of particle velocities froz .075 ¢ to .07 c as
shown in the energy gain curves of Flgure 2.

The resonant cavities would be of two bastc
types: for higher velocities & two drift—tube, 3-gep
structure operating at 48.5 Hiz wiil be wused. An
sttractive geometry fur this type would be a low-
velocity version of a recently pﬁfpo-ed half-wave
heavy-ion accelerating structure. At lover
velocitles u 4-gap, forked drift-tube structure shown
in Figure 3, will be used.

Although a wingle drift tube, two-gap resonator
ts conceptually simpler than the proposed forked
drifc~tube atructure, the latter will provide tuice
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times by the reduced number 3f resonators.

For the proposed Injector Unac, 4 I8 resonator
Yinae waald accelerate uraniom beams sufficiently (o
inject inton ATLAS. Only ten resonant cavities would
eosuffictent for mass numbers helow 120,

A Verv Low Veloctitv Accelerating Structure

Develapment work has heen started with the forked
Ari€r tahe . A=gap resonant cavity, since the greatest
techanical Jdtfrficuletes, particularly that of mechant-
cal stahiifty, occur at the lowest veloclities.

Virtually il of the supecconducting dcuvelerating
stractures  currently ased for the acceleration of
heavy lons ecoasist of varlous forms and combinacions
of a (NACLer~Wiave resonant transmisston tine
teraiaatesd in the capacitive Joad of a drift  tuhe
which shapes the electromaguetic fleld near the hean
axis.  We opropose to use this class of resonatar for
Injector  Hunae, but  mast  mateh the
resonatacs 1o particle velozities o factor ot sitx
laver than has Yeea so far achieved, This
elrher thar o an to a lower frequency by leadthenlng

the  prapased
regqutres

the transaission 1lne or that we reduce the heam—axts
waveleasth by foreshurtenting the drife tabes, or that
Tither  chotee conflicts with  other

fers s regquienent s,

DL YR O T

cracial

Foreshartening  the  Jdeift tubes  {ncreases hoth
ott~axis varfations ot the accelvrating fleld ant alse
radial betoavansing eftectss Also, as a detft tahe iy
shartened,  the  aperiure mgst e reduced  ar the
witicteacy ot the dritt tube 4o conpltng to the heam

{6 derrre gty

The ather voaflictlag requitesat §s the nrest
mechanteal stabhidity reqaire! o 4 sapercomtuct ing
Fesonatar, For the class ot superoondact e
resangtars  Alscussed bege,  aableat mechantcal o Bz
tion  causes RF clgesfrequency Jltter 3o tvpicaldy
several facturs of tea larser than the fatrinstc
resonator’ bamietdth, Phase contral of the resonataor
then reqafres a fast-tuning sestem shich mest conteal
an RFE (reactive) power .

Pl

Mz le l!nl—:"' Iy the KF coerdgy content in terms ot the
aurmslized  energy  conteat Uy oot the  accelerat ing
fleld level E_. Exlsglng tunlng <systems can <upple ag
most a few lem.mH:-(.

For 4 »iven transverse wechaanteal aeceleratioe,
the dtsplacemeat of 4 drift tabe gt the oad ot
transmission line will vary as at least the cube of
the lengeth of the Mne.  Also, the etfect of 1 Zfven
dtsplacement on clgenfreqaency will e taversely pro-
portional to the capacitive gap Ddbetween the drife
tabes or wavelength along the beam axis.  Thas, woing
to lower particle velacvittes hy elther logeriag the R¥
frequencyv  or by reducing  the rapidty
worsens the mechantcal stability of a4 saperconducting
sveelerating structare.

WAV Lt

A coaxtal, ecvliindrically symmetric peamsetsy for
the transmission lae has two pr-)pcrth'i of particular
advantape for the present application. The <impit-
clty of the yeometry makes it feasible Lo constracr a
1ine with a substantial taper, providiag a high dedree
of mechanical stiffness. Also, fur a glven drife-tube
voltage or accelerating fleld, the RF eaergy of 4
coaxial line, to the exteat that vad effects can he
lanored, deperds only on the ratio of line diameter to
housing dlameter. Thas the diameter of the e can
be increased, obtaining good mechanical stiffness
without paying a penalty {a teros of {acreasing the RF
eucryy content.

The F-type Resanator

Figure 3 shows the cross s=ction of a 48.% MHz,
8, = -009, G-gap accelerating structure (hereafier
referred to as the F-type resonator). This resonator
geowetty will usefully accelerate with
velocities as iow 318'98z5 c and would provide for the
acceleratlon of [ tn  the proposed (fnjector
linac.

part lcles

The outer cylindrical hwousing has an 87 1D and an
overall length of 42 fnches. The tapered ceater con-
ductnor has a Jlameter of 4 f{nches art the shorted oend
and tapers to a diameter of 2 inches At the high-
voltage end. The forked (‘rift tube straddles a lnw-
voltage couater drift tube, both of 5.5 Lluch diameter
in the transverse plane. The deif¢ taube diameter s
larger than rfequired to shape the fleld an the heas
axis In order to provide a large capacitive Jonl and
shorten the transmisstion 1ine, thas {neragasine
mechanical stabilicy.

Tahle 1 compares the electromagnetic properties
af  the F resonator «ith the split=-rinyg struoctures
carreatly  in use tn the ATLAS  systen. The peak
surface flelds are acceptably low, and pecformance s
expected to he limited hy electron loadiag.,  m the

hasls  of performance of  resanatars e the  ATLAS
systea, acewlerating pradisnts of 1 a/m or Ligher
should he obtatfaeable (o the F-type resonator. At this

pradient, . sisgle F-type resonator would pravide

wlfvetive acerleratingg potential ot 8K XV,




Table
Properties of Several Argonne Superconducting Zesonator Geometrles

Poak Surface Fields*

Static Frequency

Opt Lz .
Tepe velocity Frequency Electrlc Magnetic RF Facergv* Shifce* deagth
v Lty PR I 1 P 2,80 v 'n AT I DL 59 4. 19%.6 cm
i VoI EAT) 4. 80 tsn .147 12 15.6
', Joiny 7.0 4,85 142 .07 59 20013
¥ 'L a8.5 5.9 104 0.132 -- 1.2
*AL an accelerating ygradieant E‘ =1 MVY/m. ":1 15 deftned as the energdy gatn per untt charge per unit length for

aosvaehronous particle,

progertfes of this geometry have been
linac environment 4t room temperature

Machantcat

mcasured in the

ustar a0 tull-sise normally conductiog madel. Such
acasarements in this labordtory in the past have given
tairly accurate {within typically a factor of two)
tndicitton of vihration levels of  superconducting
resonatars  in actual cryogenic operation. A total
wiyenfroquency  jltter  of  3)-6D)  Hz  peab-peak  was
abserved, a vibratton level roushly equal to  that

Aieh the
vihrattion

experfvnced hy the preseat ATLAS resanators,

tow RF enerav content Hf the Foresonator, 4

level ten tiaes as hish sould be 2ithin the range of
the PIN diode hased fast-taning svstem currently used
for ATLAS,

version of the F oresonator cmploved a
tapered line the dlameter of the present destgn,
exiblited a4 vihratton fnduced RF eigenfrequency
=100 2 n-p.

An carlier
haif
and
jttter Of

A Prototvpe Supercunductiag Niobium Resonator

Construction of a provotype nloblum supercon-

duccing resonator has been inftiated and i{s, at this
writing, approximit.ely 82T complete.

The  nuter  housing  of  the resonator and  the
counter drift tube are constructed of explosively-
bonded niobl{uma-copper conposite which provides good
thermal stability Gtogether with high mechanical
strength,

The outer housing of the prototype resonator has
been explosively bonded directly In cylindrical form,
cliatnacing a difffcult seam weld, and reducing con-
straction costcs. The 8 {nch ID tube used for the F
resonator will also serve as the outer howsing for the
next twn of the cthree remaining reson<tor Lypes
required hy the injector.

The taptred line. has been formed by welding two
half conds af .09 Inch afoblus sheet.
tnbe s heing formed from a
soltd plece of ‘nlobtum, with a few cooling channels
drilled fnto the snlid block. The recent avatilabilicy
of very high thermal conductivity ntobium permits this
coust=effective approach without d-:gragl% the thermal
stabilitv of this critical companent. The use of
cooling  rhannels a4 solfd block incredases hy a

The Ffurked drifs

factor of slx the Jdistance hedt maust flow (hrough the
niobium  when compared with the present Jdeife tube
design. The drtft tobes ased 'fn the current ATLAS

supercondact ing cavittes are hollow, with 1.5 wa wall
thickness amd conled by nucleate bolling of Iiquid He
tnside the drifr tnbe.  The thermal conductivity of
the atshtum.to he used for the detft tuhe of the F
resimatar has been measured and. fonnd to he aearly ten
s larger thas typtcal values for the reactor=grade
Hoblum carrently caployeds  Thus the use of tooling
“hanaels will not degrade the thermal stabilitylof che
drift tabe s compared with current practtae, |

|
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Figure 3. Cross section of the F-type resonator. The
4B.5 Miz resonant cavity has four accelerating gaps, a
clear aperture of L.3 cm and an active leagth of 10
[oL_2Y .

Some Ream Dynamics in the Resounator

The beam dynamics of the first resonator In the
{njectar are particularly lnteresting becauase af the
exceptinnally large energy change of the heam vwithin
the tesonator and also hecause g& (Pg’ small aperture,
case presented here, from a 200 KV
the heam energy more than  doubles fn
four accelerating gaps of the first

For the
platform,

resonant cavity.

near the beam-axts the vclectromagnetic
flelds can b represented very accurately by a4 uear-
fleid clectrostatic approximition with cyllndrical
Symmetry. The electric fields have heen exlculated
numerically, asing the method of momeats, from the
drift tube meosetry. The results presented here are
for tunches of 00 particles randoaly distribuated over

M and



the defined toctdent phase space volume and numeri-
sally traced through the resoastor vith a 0.5 ma sesh
md sith radial varlation of both longitudinal and
transverse flelds taken iato sccount.  Thix caleula-
ttanal wpproach s a straightforvard, brute foree
namerical  wethod  ahich dincludes from  the  outset
virtaally all the olioctromagnetic forces cxpertenced
By 1 perticle traversing the resonator,
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Figure %. Calculated dynamics of a lel3+ beam with
entrance velocity 3 = 0098, traversing an F-type
fesonator operating at £ = 3 MV/m,  Exit velociey Is
Sout ™ D142 and the entrance RF phase {s 26 degrees
{n advance of synchrouaus phase. Curve A ~ Transverse
phase space. The entering hunch has 4 traverse emit~
tance - 2 ) x  minemroed, Curve 8 - Longltudingl
propertics of 2 hunch watering wlith zera time-energy
spreqad o show effects of radlal vartation of the
lonptzadingl werelorating field, Curve C - Longitud!~
aal phase wpae assuming an Injected bhunch with a
1959 ps tfme wideh and v 4 ¥oV-nsec time-energy spreasd.

Inittal nuutec' that  radtal  defocuseting
effects would he smill arc born oat by the detslled
numecicil results. ;‘lgo‘:f. A shows the transverse
phase «pace for a i heam -l“ the expected -
entering emittance of 2 x mw-mrad, Oefocuusing
effects are quite wild and present na desiga prodbless.

Flgure 48 shows the time-energy spread fnduced in
4 hunch with the above transverse propercics, bat zeco
taftfal tlme-energy spread, by off-axis variatioas of
the acceleraring fleld. The 1onduced wpread of
05 KeV-ngec 13 extremely small and <hows clearly that
{Inlte~aperture effects In the low-veluclty resonator
will not e a practical [lmtt «m beam qualicy.

Figure 4C shows the longloudinal phase-space for
a bunch with the ahave transverse properties dand ao
fnittal tim energy spredad that assames that a4 time
width of 150 pteuscconds and o time-energy speead of 4
KeV-unsee can be  awhileved from the  source. The
additinnal time-cvinergy spread acqulred In traversing
this first resonator (s less than D09 KeV-nsec, and i~
expected to be even less for subsequent resaaators.

Results such as the above tndicate thet the lHage
will be intrinsically capable of very Bigh  heanm
quallty, and the actusl timits are lixely to be set by
extraction, bwunching, and analyzing svstems. The
anticipated ctotal time energy spreads of a4 few KeV-
nsec for the case preseated vcompares very {(dvorably
with the S0 KeV~asce that would be tvpteal of o high
quality tandem—produced beams.
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