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Summary

This paper reviews briefly the main r ults
presented at this conference. The sectic .s are as
follows: Highlights, General Observatj os, Funda-
mental Processes In Sources, Positive >n Sources,
Negative Ion Sources, Beam Formatior .nd Emiztance
Measurements, Stripping, Accelera® .s and Experi-
ments, and Future Prospects.

Introduction

I wish to thank the Conference Chairman, Bob
Livingston, and the Program Committee for the priv-
ilege of summarizing this conference. The papers
presented us with the latest progress in heavy fon
source research and technology. Of equal importance
weTe reports on studies of the fundamental processes
which occur in jon formacion, beam extraction and
cmittance measurements, and stripping processes in
gases and foils. There were also several excellent
papeis on heavy jon acceleration projects and the
experiments to be done there. The performance of
these accelerators and the quality of experiments ave
heavily dependent upon the Intensity, quality, and
mass range of beams available from the heavy ion
sources. In this short summary paper I can mention
only a fraction of the large varlety of work de-
scribed here in over 50 papers. For the whole
story the reader should certainly consult the com-
piete proceedings.

As usual the local crganizing committee from Oak
Ridge arranged an excellent conference schedule, in-
cluding social activities. The outdoor dinner and
folk dancing were enjoyed by everyone, especially the
large friendly bear. There were two free afternoons
when the delegates could travel to the old settlement
at Cades Cove or up to the ridge of the Smoky Moun-
tains. The fall colors were at thelr peak near the
altitude of Gatlinburg.

The delegates who went to Oak
Ridge National Lab after the conference had a congenial

dinner there Thursday evening before the tour on Friday.

Many spent a comfortable night at the Roval Scottish
Inn {formerly the Holiday Inn).
to include the ORIC cyclotron, a description of th.
plans for the new 25 MV tandem accelerater facility,
and the Van de Graaff Laboratory.
went to the Thermonuclear Division to see the ORMAK
and ELMO Bumpy Torus experiments, and the associated
neutral hydrogzen sources used for injection, The
delegates were impressed by the vide variety of ion
source work being done at Oak Ridge.

The opening address by Zucker of Oak Ridge pave an

The tour was organized

Fig.

After lunch the group

interesting historical perspective on the carly develop-

went of N7 sources at Oak Ridge. The motivation was
weapons effects, but this source formed the basis of
future PIG souce development at Berkeley, Dubna and
c¢lsewhere. The work at Qak Ridge war in turn based
on the Calutron sources developed at Berkeley for
uranfum separation in the carly 1940's. Those sour-
ves rame from the cyclotron sources of the 1930's
where the magnetfc fleld was free. So we see 2 step-
hy-ktep proceus of P1G Rource development with con-
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1. Conference highlights.

Highl tghes

This Conference follows the tradition of the
previous one, also at Gatlinburg, four years ago at
this same colorful time of year in the Smokies.

There was much progress in the heavy ion source field
during these four years. To me the highlights of the
Conference were the presentation of results obtained
in the past year by the Dubna group under Dcnets, who
developed the EBIS (Electron Beam Ion Source), and

hy Geller's group at Grenoble building ECR (Electron
Cyclotron Resonance) sources. These highlighte are
illustrared in Fig. 1. There sources show significant
improvement in charge state distribution over the
present standard PIG (Penning Ion Gauge) source.

Thie is 11lustrated in Fig. 2 by plotting mome °f the
nitrogen data presented here, interpolating between
carhon and oxvgen for ECR, alonpg with some older PIG
source data!., The EB'S has produced the spectacular
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Fig. 2. Charge state distributions of three types of

positive ion sources.

result of 25% Fullv stripped nitrogen beams, with
10'7 particles/pulse intensity. The FCR has an
intermediate distribucion between the P1G and FBIS,
but has the advantage over EBIS of a long duty cycle.
The plasma regimes of these sources are shown in Fig.
3, an updated version of a similar plot by Winter and
Wolf in 1974.¢ Their electron temperature and n:
values are indicated. The electron temperature must
be several times the jonization potential of the last
e¢lectron removed, for efficient lon production. n:,
must be large enough to make the high charge states.
The new EBIS and ECR sourc»s have higher n: and
electron temperatures than conventicaal PIG and
duoplasmation sources and so make the hipher charge
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Fig., 3. Plagma parameters of positive fon sources.

Eu ig8 electron temperature, n {8 clectvon
denstty. " {6 lon confinement time,

state fons shown in Fig. 2. The LASER source alsa

has a high “‘l' but has very short duty tacror.
The arrows in Fig. 3 indicate thai the EBIS and ECR

are still being improved,
Genecal Ubsecvationy

There are a number of observations I made while
dutifullv attending cach session. One is the phenom-
enon of discovery ot an {mportant result by accident.
0f course the discovery requires experience and alert-
ness by the experimenter to evaluate and use the resulrt.
An example of this is the discovery of back bombard-
ment production of solid material beams by Hudson,
“Mallory and Lerd, when a large copper beam appeared
during a xenon acceleration run. This effect has
proven to he a simple and effective method of produc-
ing beams from svlid materials in cyclotrons, Another
example, described by Middleton, is the discovery that
the addition of oxvpen improves the lithium beam fros
a sputter source. Oxveen is easy to add by accident.
This is now a standard mode of source operatien. A
third example, reported by Faselo. was the observation
of a large current of heavy negative ions found as a
vontaminant in an H® beam. These ions were from wall
outgassing, hut could also be used in the Ffuture in a
ventrolled way.

Another interesting type ¢f information presented
was the description of ideas that didn't work. Bethge
described some attempts to use high magnetic field and
vlectron injectior to improve the charge state distribu~
tion in an axial extraction PIG source. There was no
significant improvement, but it js well worth report-
ing this experiment to save the time of other groups,
and indicate more promising directions to proceed.

We all learned some new vocabulary during the
Some of the words which I now understand
hetter are electron affinities and ab initio calcula-
tions, discussed in negative lon sessjops. In the
ERIS work we heard about electron gun perveance and
driltouir. flow of vlectron beams. In the fleld of
PIC sources, 1 am familiar with hot and cold cathode
PIG sourves, and know that cold cathodes sometimas
run hot, but this cvan he confusing to the listencrs
vutside the PIG groups. "Arc-heated cathodes™ would
better describe cold cathodes that run hot,

Conference.

There arc some mysteries to he unravelled in the
future. An example is the origia of the high energy
electrons in the PIG source ohserved by Schulte, Wolf
and Winter. Another question for the furure raised by
Stelson is what the average charge of a uranium beanm
will he frem the Herkeley SuperHILAC at 8.5 MeV/
nu-leon, after passing through a stripping foil.

There {s a disagreement betwecn different theories,
including Stelson's,

A special commendation for heroic performance in
the face of severe technical difficulties must go to
Joyce Kaufman, who continued her talk on electron af-
finities without slides, vhen the projector failed.

70 the listener there was practically no discontinuity
in the talk,

In the foilowing sections 1 will review briefly
the topics covered in the sessjons, with emphasis on
the excellent review papurs which bring us up-to-date
and give us somc predictions of the future,

Fundamental Processes in Sources

In the seasfon on fundamental processes in sources
there vere several very interesting invited papers on
electron bombardment and charpe exchange cross-sections,
electron affinftics, sputtering, VUV spectroscopy, and
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Other papers discussed studien of H formatior and
charge exchange of hydrogen with heavy {ons at SR1, and
VUV spect roscopy work on source plasmas at Vienna.

poritive lon

Some comparirons of pesitive lon source performance
and plasma parameters were given In Figs. 2 and 3. The
standard source for heavy fon cvelotrons, Hnacs an!
recently a synchrotran (the LBIL flevatron) has been the
PIG.  Bome excellent work has beer done on duoplan-
mat{ons at GSI, and recent exciting results have core
fron the FCH and ERIS proups.
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has a filazent-heated cathode simflar to that of the
Dubna do n. A blased sputtering clectrode is used
for solid material feed, piving bSeams of 10 LA peak of
Phi T and LLA de of UP L An arc-heated PIG source
has heen used for tantalue beams, A varfatton of sput-
tering electrode geometry developed by Cavin of L8l s
shown in Fig. 6. This {s a pair o! ring sputtering
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sucrensful results from ECR zources have
from Hler’s grocp In Grenoble, which has been
buklding such soufces for fen years. Three successful
verdjons were revicwed at the Conferences MAFIOS,
SUPERMAF 10S and THIPLEMAFIO0S, MAFIOS (s shown In Fig.
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Lapetinuntal dovce. MAFI83

Flg. 9. FUR single atage source MAFIOS at Crenoble

tGeiler),

Thin §s a slngle ntage source using 0 kw of afrowave
power at 10 e to create the plasna, which dftfuses
(nto 4 nirrer tield where high charge state {ons are
created by hosbardment with kilovolt ECR clectrons.

The total vutput e over 20 mA, and the charpe distribus
tion §s <imllar to that of a PIC seurce. 1t has the
advantage over the PIC of having clrades to erode,
and so has a very long 11 tirme.  Geller helieved that
wic limitation {n high charge state produc-

theee was a ha
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Ihe high Lhatue state distritutlon was mucn fmproved
aver AT Don, with charge states up to Xet T LOH ) obe
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xhown In %fp. i, The output of this sourie was on
30 _A because extrartion vas fron o regfon of low pls
dennft Seoa third stay - tivle was added to
compress the plasza, and o sy uctie shivld redooed the
tield quivkis at the extractor for optimum extracted

qualite, ¥Yig, 10, This system is called TRIPLEMAFIOS
This triple systep plves abe HI0 LA, 10 times the

beam of SUPFRMAFION, Meoro {9 . jiable but o collimat
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Time evolution of xenon charge ntates in
SUPERMAFIOS ECR wource (Gellerd,

Fly. 11,

uther groups at ORNL and Marburg reported results
of sinple stage ECR scurces. The charge state distribu-
tions are similar to or somewhat bLetter than the PIC
but the cxtrartion svatenms have not been fully developed.
The 0RK] INTEREM, is shown in Fig. 12.

svsten,

tofte Caif
Y
Mirror Cou . 4z,
0,
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LT DA K INTEREM at ORN] showing cofl

(Tamagawa, Alexeff, lones and

nether source breakthrough which ociurred is the
ant severs! vears s the successful operation of the
PHIS (BElectron b fon Source). This source produces
wvfy high charge states (Xeo® ) and has the prospect
important applications i{n accelerator injertion, pol-
arized fon production, and atomic physics studies.

it has reached its greatest success at Dubna in
the group led by Donets. Donets proposed this source
in 1967. Since then he has bullt four versions: EBIS-I,
EBI%-2, KRION~-| and KRION-I. EBIS-l and EBIS-2 have
normsl conducting coils and the KRION's have super-
conduting coils for better flell uniformity and low
posor consumption on a high voltage placfora.

A schematfc drawing of the EBIS configuration and
potential distribution is shown In Fig. 13, The timing

Schematic view of ERIS Raurce KRION-1 and

potential distributfon. In upper view
electron beam pasges from gun (1,2) through
drift tuhes (b) to collector (4). Charge
states are analyzed hy a time-of-flighe

mags spectrometer (9, 10, 11, 1D, In

lTower view potential distribut{on along axis
{s that of (B) during injection, (O) durfug
fontzation and (A 1or eatraction.  (Denetsd,
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sequence is shown in Fig, 14. The time-of-flipht spec- solenold was about | 3 T. An improved version of this
trum sov xenon is shown for ionization times from J msec  source, KRION-2, has been built for continued developrent,
¢ 39 msec in Fig. 15, This illustrates beautifullv rhe since KRIDON-1 has been installed in the injector for

the Dubna 10 GeV svachrotron. KRION-2 has improved
vacuum of less than 107! torr, magnetic field of 2.5 T
and an electron vaergy of 7 KeV. 1t has produced ni-
trogen beams with 257 h

LUy
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NS
N

Arianer described the Orsav EBIS source, SILFEC,
which has operated since 1971, The highest charge states
abserved are Nes™ , Ar'® and Xe*¥ . Studies are under-
way on a superconducting design, CRYEBIS, for injecrion
of fully stripped fons up to neon into the rebullr
Saturne II synchrotron. The design goals are a basic
vacuum of 10 ? torr, electron current density :00C
Alcm . and fon currents of 10 /pulse. To get these
hiph vlectron current densities an external gun wust be
used with mignetic rompression. An example of this type
of wun is shown in Fig. l6.
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Fiz. 12, Time sequence of injectijon {t:-t ), foniza-
tion (t -r.) and extraccion (»t.) for FHIS 00
source KRION-1 (Donets).

20 E3 30 Zimm

Fig., 16. Calcuiated electron trajectories in ar ex-
ternal pun using  aznetic compresslon,
Ursav. fArianer and Goldstein).

The group at Texas A & M of Hamm, Choate and
Kenefick is huilding an EBIS for Injection into a
cyclotron. They are using an external electron gun
with magnetic compression. The goal is to make beams
. Arl™ and Xe©” with fast repetition rate puls-
ing, since the cvelotron operates continuously.

At Frankfuart, the group of Becker and Klein are
developing an FBIS source with vontinuous output. Here
the lons drift through the electron heam in one pass
and arc {onized during their time-of-flight. Hence the
system is called TOFEBIS. The principle of the source
is shown {n Fig. 17. The operation is similar to the

— \solenoid

T e
[ALOLETR U TR B b Ti iR yons

magnetic shield
Ut2)4 qtraduction of the working collects slectrons
material
Fie. 15, Timce evolution of xenon rharge state spectrum lowchur;o state
during ionfzatjon time in EBIS source KRION-1 \ high current

(Donets).

iradual bulld-up of high charge atates. At 39 msec the
reerage charge is Ye ™, with Xe' ™ scen at 107 of the
%e¢ * intensfty. The fntensity {s about 10!% fons/pulsec.
Ihe ¢lectron beam current was 1.5 A with a density of

10 A/eme and an energy of 2.3 keV, The residual pressure Yig, !7. Principle of TOFEBIS type of EBIS source
was 2 7 1077 torr using a liquld helfun pumping system befng developed at Frankfurt.  (Kleinod,
it 4 K, The magnetic field from the Buperconducting Becker, Klein and Schmidt),
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£BIS except that there is no trapping of ions, but a
continuous drift from injectiun to extraction, Two
versions have been built: one with an internal electron
gun as in Fig. 17, and another with an external gun us-
ing magnetic compression, and extraction through the gun
cathode. The haree state distribution is aboat the
same as that of a PIG.  The poal is to make 1077 part/
sec of UMY far the UNILAC,

Another continuous EPIS has been built at Giessen
by Clausnitzer, Klinger, Milller «nd Sslzborn, It has
vharge state distributions similar te that of a PIG,
with zenon charge states up to Xeo ™ observed. Currents
1 nA - [.A. It has been used for 2 vears now on
stomic physics enperiments.

are

Other types of sources reported tnclude an rf
quadrupole trap developed at [EF, Orsay. lons are
stored for minutes and the first few charyge states of
argon are observed. From Yale laser-initiated vacuum
arcs were reported.  lLarge rates of miss luss were
observed, but no charge state distributivns were
measured,
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aegative jons,  Recent it haw vi direct
extraction. As “idaliton in his review
paper great ces
been made in the
improvement has be
tering of the feed material,
sputtering beam or ;
of both.  The papers w

deve e

points oot
ion te hnology have
. The "ost inportant
esisn in the sput-
wr a8 a pusitive f.n
on the feed materfal,
v dire.ted to this

-5 hivh

Te gt sne

Tast 0o

v the nse

RGN

“ith «oset ot
| which can be quic

ditferent matorials

Fotated to o hanee ions. -t ipal applivation or
sty fen seurces dn oot Chootrostatic ar cl-
P Tators.,

The primon le o cperation o e ddleten’s
sonfies b oshown dnoaae. Ia, cosfi o jun bear
Comes 1otungsten sartaose tontrer, the bear s
whoelerated ta Jo-s50 ¢ ndostr s o4 hollow oo
contafniy the teod material, Fative Lens cobne oul

the center of the
J0-10 kel Bk to
M Cones which

the other side throwth hole in
vlerstad thremh

The wheel oo

and re

ains

rround poteatial.

COWPRESLION <PDTR

cesuw
ALSEAVOR

wonzeR
EITUTEN

ronwnzER” § 3
¢ N
B iN . _b
BLAM FORMINL F E L f— ) § b
ELECTYRODE T8 COME SPUTTES
L - OECEL .
CerMLCY RcECTAODL CONL ACCLSS anD
~ VIEWING PORY
COOLING

fon source for nepative
Middletond,
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can be rotated into the beam in a few seconds. A
pas inlet allows negative ions to be produced from
pases, usually with a titanium cone. The output for
various Ions is a few A of Li” and B", and 10's of
Aof W, €, 67, 817, and S™.

Fig. 19 is a graph shown by Smi*h of Wisconsin
jllustrating the general trend of increasing output of
beam current with clectron affinity for several spatter
sources.
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showing the increase of output with electron
trinity. (Smith).

Chapman of Florida State described an inverted
S This {5 a variation of the Middleton
sour o in wnich the negative bean is extracred back
through the fonizer ratber than through the sputter
The idea was based on the observation that the
jonizoer was being bombarded by some negative lons
omentrated in a small spot. So by optimizing this
eifest Chapman has designed a compact source having
sood bear quality and lifetime. The "{inal” version
is shown in Fig. 20.
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Other papers on negative i described beam
measurements on the Aarhus ANIS scurce, studies of
the Wisconsin SPIGS source, a modlfied lortig source
a4t URXL, a duoplasmatron at ANL, a charge exchange
e source in Argentina, and a polarized Li~ source
at Hamburg in an Invited paper bv Stefrens.

Bear Formation and Emittance

rasutenents

A comprehensive review of beam formation and space
vharye neutralization was given by Green of Culham.  He
Jdescribed the varfous analytical and computatfonal
treatments of beam extracdlon fron plasmas by a number
vf electrode systems. Intousity limirarjons and space
charpe efferts were discussed. Many useful simple
“vrmulas are given to help underdtand this fmportant
“ield of getting the beam ocut of the source.

Hyder of Oxford told us about his well developed
svstef to measure emjttance and enerpgy spread of nega-
tive lon sources. A two slit system is used for emfl-
tance measurement, with 2 stepping motor to scan the
firse slit followed hv a deflection magnet to scan the
beram across a second slit inte a Furadav cup. A com~
puter processes the data and gives a scupe or plot
display. The vnergy spread measurement (s made with a
retarding field energy analwzer. Measurements have
been made on beams from a number of different negative
fon sources. This pives a valid compartson of beam
quality. and helps in undsrstanding the relation
between source construction and beam quality. ! under-
stand that Hyvder fs even willinyg fo measure positive
fon source beams, after appropriate negotiations have
been made.  Some discussion after the paper indicated
that {t would he a pood {dea when juotling emlttance
areas to state the - explicitly, v.p. 10 - rm wrad
*Mev, RO we all know where 1t s,

Stripplng

A review of stripping of heavy fons in folls and
ies was given by Moak of Daresbury and ¢(RNL. He
ussed experimental measurecents of charge state
ifsiributions, and dependence of the distribution upon
wtripper density, shell effects, and roslecular wefpght
»f gas strippers. The data for the average charge of
tromtne {ons §n various paseés and soli{ds {3 shown in
Fig. 21, Some tnteresting work has been done at ¢k
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Fig. 2). Average charge of bromine lons in pases and
solids vs. energy, (Moak).

Ridge showing that the average charge of the fon

can be increased by mnre than a factor 2 over the
cquilibrium value whon the fon is scattered by about
| degree In a4 gas etripper at low pressures. Thia
vifert may be useful In tandem accelerator strippers.
Moak discusses the interesting unanswerced question
of which theory explains the difference in averase

vharee produced by salid and gas strippers.  In another
papuer Some measurements ot angular and enerpy spread
dJue to stripping are reported by the GANID group.  The
Frankturt group described o high density pas jet
stripper.

Yatemd presented studles on lifetimes of carbon
fuils {6 heavy {ca beams. Since foil strippers
rive bigher charge states than gases, thev give higher
enerpy heams when used in tandem acceleracors.  But
shert tofl Hietime §n high intensity beams is a basic
disadvantage. A feil cxposed to a b becomes
wrinkled after a period of bombardment. 1t then be-
cames stretvhed and tears as shown in Fig., 22, Yotema
has compi{led data on lifetime of carbon foils from
many heavy ifon accelerators. This is sbown in Fig.
43. There is a sonsistent increase of lifetime times

Fi . 22, Foll in heay tandes ac elerator

at Munich, {¥Yntema).
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Fig. 21, Lifetimes of unheated carbon foils at varfous
labs, The high potfnt in the upper left (n a
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beam density with increasing enerpyvucleon.  The very
high Argonne point §s the result of heatfne the fofl to
400-500° € and cscillating the foil in the beam, oscfl-
tating the toil helps to reduce the gradusl thickening,
which is caused by some combination of cracking of

hvdrocarbons and structural chanyes in the

ors and

A v le periment s

A review was given of positlve heavy fon aceel-
erater projects by Grunder of Berkeley. He summarized
the oew machines being vompleted or studied.
parisens were given of the perforrances of varlous
acieleratar combinations.  An eranple ot 4 omprebensive
kroup ot e fon avcelerators is at Herkeley, where
the SuperBILAC {s designed to accelerate all fons to 8.5
MeViA ({ons up te xenon arc used U presentd. It in-
jevts the Bevatron aa a timeshare basis for furcher

L teV/nucleon.  This "B ac’ facility
has been operating tor over o wear, F J Also at
Bl the HE-Inch Cvolotron gceelerates lighter fons to
10- 45 MeVinue leon. interesting rough
cstimates of the performance of aocelerators using
voavent fonal PIC source and the new EB1S Fiy.
25 shows the out put ot

Com=

avcederation to

Crunder shoved

Somroe.
A high duty o veie heavy fon

O wey PROtoN
ntCTom -
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T T
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8B 7794520

Ffy. Ja. The 1BL
SuperHITAC and Bevatron,

Pacility vonnetim the

LBk,

HBoevalae

Pina  assuming stripping at an appropriate enerpy
(SupcrHILAC ar USTLAC),  The PIG source is superfor
to the EHIS tor thig application. On the o'ner hand
for svnchrotron injection the pulsed nutpu of the
ERIS matches the time aceeptance of synchelron very
well, so the E8IS {5 guch superfor to a PIG var this
ke, af shown in Fig, 26,

Large tandem accelerators were re lewed by Jlones
of Oak Ridge.  He digcussed the many projects around
the world which are planned or under construction.
Onre o the most Interesting is the Oak Ridge 25 MV
folded tandem now under construction, shown in a
schematie layout din Fig, 27. The cnergy is higher
than that of any existing tandem ind the folded con~
sitruction has pot been waed on large tandems before,
so this will be a unique accelerator. 1'm rure we all
wisk our Oak Hidge hosts suciess with this project.

There were reports on the heavy jor performance
of the new Louvaln cyclotron, and on the heavy fon Hnac
project at IPCR, dapan,

in concluslon Stelson of Oak Ridge presented us
with a view of expergments to be dune with heavy lons,

fofl raterial.
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Vip. 25 tutput of high dutv cvele heavy ion linac,

assunming appropriate stripping. (Grunder).

Some of the paths to be explored in the fields of
nuclear, atomic, and selid state physics can be
predicted from present work while others must awajt
the future in which we >an explore more of the mass—
envrpv-intensity space which the new accelerators
will open up.

Future Prospects

Whit can we expect in the next few vears in the
heavy ijon suurce field? 1In charge exchange and impact
Urus: ections we can expect many more measurements
using heavy fon sources in test facilities. 1In
positive fon rources we can expect EBIS sources ta be
fnjecting accelerators at Dubna, Texas A & M and Orsay.
Better electron guns will come fnto operation using
magnetic compression. in ECR sources, higher fre-
gnency microwaves will produce higher density plasma
amd higher charge states. More improvcments will be
made an negative fon sputter sources., New hLeavy fon
accelerators will come into operation such as UNILAC,
the ORKL tandem and GANTL. New unexpected experimental
results will appear. Finally another heavy ion con-
ference as pleasant as this one will take place, in
less than four vears, in Europe,
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Fig. 26. 0Nutput of heavy ion linac injector for a
synchrotron. (Grunder).
References
1. J.R.J. Bennett, YEEE Trans. Nucl. Sci. NS§-19, 2,
p. 48 (1972).
2. H. Winter and B, H. Wolf, Fror. "nd Symp. on

Ton Sources and Formation of lon %eams, Berkeley,
Calif., 22-25 Oct. 1974: LBL-3399, p. V-1.

-10-

oAmL OwG 3 2796

TERMINAL
BENDING
LAGNET

- QUADSUPOLE
LENS

MGN YOLTAGE
TERMINAL

STRIPPER

- PRESSURE
VESSEL
STRIOPER
WPPEA DEAD
SECTION
ACCELERR!ION
TuBE

A 5 .+ LOWER DEAD
e SR A . SECTON
-t
i +  COLUMN
STRUCTURE

! QUADRUPOLE
§ LENS

BENDING MAGNET |
(MASS-ENZRGY |

PROOUCT 420) _ .-~ IMAGE SLITS

INJECTOR
ACCELERATION
TUBE~

QUADRUPOLE
LENS

> BENDING MAGNETS
FOR ORIC INJECTION
(MASS - ENERGY
PRODUCT T38)

mogcron  f ==b L i
1450 -5008V1 “QBJECT -
SLITS -

BENDING MAGNEY
{MASS - ENERGY
PRODUCT 3201—-

IMAGE SLITS—

Oak Rldge 25 MV folded tandem electrostatic
accelerator system now under construction.
{fones).

Fig. 27.



