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‘ OPERATION OF THE POLARIZED-ION SOURCE AND AXIAL INJECTION SYSTEM
FOR THE BERKELEY 88-INCH CYCLOTRON®

D. J. Ciark, A. U. LuccioT, F. ResminiT, and H. Meiner
Lawrence Radlatlon Laboratory

University of California
Berkeley, Callforn;a 94720, U.S.A.

ABSTRACT

A polarized—ion source for'proﬁons and deuterons is now ih opgra~
tion at the'Berkéléy 884Inch_Cyclotronf The source is of ﬁhe atomic.beém
type, usiné‘rf tfansitions and a strong field iOnizer. It is mounted _.
verﬁicaliy above_the cyclotron rbof shielding. Avnew axial injectionv
transport>system, whose optical eleménfs are eléctrostatié quadrupolé
triplets, bfings ﬁﬁé beam L.5 meters down to the:cyclotron median plane.
A duopiasﬁétron éource can inject unpolarized protons through a 90° bending
magnet. A gridded electrostatic mirrorvinflects.the beam into the dﬁmﬁy
dee. Eiéctrodes inserted into the dummy dee and deé'give narrow accel-
erating gaps“to.allqw the beam to cléar the mirror. They are designed to
unplﬁg at‘vgcuum for‘eésy conversion between axial.injection and intérﬁal
source Qperatién; Maximum beam currénts at present are up to 3 uA of.
polarized“protons at the source,'0.0S uA accelerated invthe'cyclotron, and

0.02 pA external beam with a polarization of T70%.

* v _ '
_ Work performed under the auspices of the U. S. Atomic Energy Commission.
TOn leave of absence from the University of Milan, Milan, Italy.

;- _ ‘ .
On leave of absence from the University of Basel, Basel, Switzerland.
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1.. INTRODUCTION

The first'objective of thevexternal_injsct}on system forvthg 88-
inch Cyclotron is to provide high intensity bégms of polarized brotonsrana
deuterons from the cyclotron. . The previous polarized proton beam, pro-
duced by 0-p scatpering, had an intensity of 0.02 ﬁA. Using a bolérized
séurce one can»obtainvat least 20 nA external beam with much better beam
IQuality'and ehergy-resolufion.

Anofhefvrequirement for the system is that it should be capable of
pulsing unﬁolarized_beams §ﬁ-a ﬁanoéécond.toImicrosecond tiﬁe.scale. For
this type.ofvope?ation, high peék intensity beams are required, and space
charge fdrcéé bééome imppfténtu Latef, heav& ioné will be injéctéd7.1

| The-requirement for thévtréﬁsport line to fhe‘median plane is that
-it should prQVidé'flexible matching between thé:emittanées of Vériéus ion
séurces and the.dcceﬁtancevphase’space Qf the cyclotron. It should_ﬁrans—'
mit both low and high intensitj beéms with good efficiency, and érovide
fast monitoring of 5eam intensity and size along the line. |

The inflecﬁion and center aééeleration'electfodes should trahs—
portuthevbéam.with high éfficiéncy and'léw distoftionvinto a centered
cyélotron,ofbit.  ThévconVérsion from internal tovex£érﬁa1 source'éhduid’ f:

.bé'?s:fast as péséible; because of the héavy demands'bn_cyclotroﬁ time.
| The followiﬁg séctioﬁs'describe.thelnew sysfem which has beenv

:designed'and_installéd,éinbe the original axial injection test of 1966.1
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2. - THE POLARIZED-ION SOURCE

A polarized~ion‘source,.shown in Fig. 1, was constructed to

FIGURE 1

1

» ﬁrovide DC beéms for injéction.2 To allow for future development it ié
designed fof easy replacemént of components and has & large pumping
.capaéity'to'ﬁandlé high gas loads. It is located in a low‘radiation area
above the cyc;btron shielding roof for convenient maihtenance and devel-
opmént. ':?é éxis_is'vertical, to match the_injectioﬁ line ﬁithoﬁt spin
rotatioﬁ, A brief descfiption of the source follows._ | | |
Thévéfomic beam of hydfogen or deuterium is prgducédiiﬁ an. - rf
diésociator‘poweréd by a self—excited'oécillator. Aftér colliﬁation by
3 apertures ghe beam»passes through a 50 cm ldng sextupole magnet. Next
it passes througﬁ the rf trénsition sections. Fof protons a weak field -
transition gives 1.0 theoretical vectorvpolarizatién when:the atomic beam.
cis ionized in a-Stfqng magnetic field. ‘For deutefons_a weak fiéid tran-
siﬁion produces 0.67 theorétical vector polarization, and intermediate
field rf transitions give ténsor polarizatidné of 11;6. Ionization of
the separated atomic beamitakes place in a strong field ionizer built by -
ANAC Company3 and purchased as a system from ORTEC Corpqraﬁioﬁ; Reversal
of Vecfor polarization of protons ér deuterons is done by reversing the

ionizer magnetic field. A high capacity pumping system is used.
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3. THE AXTAL INJECTION TRANSPORT LINE

The beam transport line,h~Shown.in’Fig. 2, brings beams from the

FIGURE 2 .

ion éources L.5 meters dbwn>t§ the cycidtrbn. It is éompoééd of 3vsé£s
of electric quadrupolevfriplet lenses; It aééépts béams'from.either_thé
polarized:ionvsoﬁrce difecily abovevon-axié, or from the duopigsmatron,
test éourc’e5 throuéh the 90° bending magnet. |

The Gpticé'of the 1iﬁé6 wés designed to transport‘beams of up
to 800 mm;ﬁréd emittance at.eﬁefgies df>5—°o kV,.énd.to allqw flexible.
matching:ﬁetwéen the external beams énd.the cyclotronAphése—space acéept—
ance. - Calculatiéns on high currént beams including épéce éhargé‘forces.
show ! thaf this line will transmit 600-800 LA of protons if the beam has -
a suitable émittance shapé; | |

Béam ﬁonitoring along the line is done by_ﬁiésed Faraday cups and:
.phosphor’plates mounted on air cyiinders, and métor—driven X=Y écanning
ﬁires with oécilidscope readout: -Several X-Y stee;ihg plates are mounted
‘between quadrupoles. One-éet will later be uéedvfor‘faét beam pulsing.
A sine-wave buncher is placedbbetween the second'and_third'triplets. It
_is é drift tube with>a.drift iquth of é/2-of a cyclotroh period. It is
_located near fhe‘cyqlotrbn'énd of the line to minimize debunching from
polarized—ion source energy spread. Wé use the siné—Wavé rather than the
-previously proposedrsawtooth wéve shape8 because of its ease of construc-
_ tion, and because its perfofmanée_wéuld clésely approach the sawtooth type

after adding a higher harmonic drift tube.
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The:béam enters the gyclotron'through a half-solenoid "hole lens',
bthe‘region y?ére the cyclotron magnetic field'increases'frbm near zero to
its median plang value of 5-17 kG. Caléulationsvof phase space beam
tréjectorie§9,show fhat éeVeral modes of oﬁefation are possible, depending
v én injection'enérgy, and:cycloﬁron magnefié field. In the "A mode" the
hole‘lens can.transform the phase space from a waist.outside the lens to
a similar;Waist in ﬁhe median plane. In the "3/2 A mode" the lens trans-

forms a large cross-section beam to a small cross-section beam.

4. CYCLOTRON CENTRAL REGION

When'fhe.beam reaches‘the median plane of the cyclotron, it must‘
be bent thfough 90 degrées into the horizontal plane and enter the dée
acéelerating gaps in such a:way és to be centeféd radially on the cyclo-
;tron centér:’ Simple calculafions.showlo that‘if‘thé beam 1is injécted on
.the>mégnet axis and inflected toward the dummy dee,‘the ratio of'injec—
. tion voltagé; Vi, to dee voltage, VD’ should be O.?yfor a single dee
éyciotron with narrow accelerating.gaps. This is-a convenient ratio,
since our highest dee voitage of 65 kV would mean 13 kV.injection energy.
On axis injeétion_is also conveﬁient because it avoidé the problem of"
shimming fhe magneﬁvleakage flux which would deflect'the beam in off-.
aXis.injeétioﬁ. o

To inflect:the axial 5eam into the median plane, we use .an elec-
trostatic mirror érignted at U5 degreeé to the median plane,'WhiCh'iS

shown in Fig..3.-'As a grid we use a tungsten mesh woven with 0.025 mm

_ FIGURE 3
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wire and 0.25 mm spacing, with anonerail ﬁransparenc& of 60% for the two
45 degree traversals.  The grid—electrbde spacing is 5 mm. The inflector
is mounted on a provbe which is inserted through a héie in the lower pole,
in pléce'df the normal_ion source. |

To.design the center region, orbit calculgtions in the méﬁgan
plane have been'&dne with the Michigan State Pinwheelvcomputer codélbn
the_first févaarticle revolutions. .The'first électricvfielés used were
_measured.ihvthebUniversity‘ovaarylgnd electroiytic‘ténk.faggiity.ll .The
“electrodes ﬁédeled those ﬁsed;in the“1966'éxial injection test.l The
resulté éhowéd that there were electric field distortions from vertical
baffles cloée%to thefbéam.‘ A new geometry was deisgned to reducé.thése
.distortioné. Thé gaps are 180 degrees apart to minimize pﬁase senéit@vity.
Narrow eleéﬁrode gaps'Of 1 cm were used ﬁo give the beam énough accelera-
tion ﬁovclear.the inflector'housing.> FbrvPinwheél-c&lculations the éléc-
tric fields in the ﬁedién‘piane were approximated by uniform fields
per?éndidplar to the dee gép,’uéing gaps‘soméwhat larger than the electrode
'spacing§. ??he célcﬁlétions for this case shoWed.the ratio ovai/YD = 0.18,
very close to fhé 0.2 pf the simple‘calcﬁlation.

E

Thé,resﬁltihg geometry is shown in\plan view in Fig. h,_aldng.With

FIGURE 4

&

'the-célculated orbit for thevhighest energy d—particle beam._ A baffle
acroés'the:médian plane in the dee shields the beam from the dee—mirrdr
‘electric field. A "half-turn collimator" is provided in the dummy dee

to select phase on the firSt turn, but is normally retracted for
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polarized-ion injection, because maximum transmission is desired. A

photo of fhé‘center region is shown in Fig.'5.

FIGURE 5

vaﬁis axial inje¢tion geometry is not cqmpétible with‘fhé'normai
internal ion source,_éince the soﬁrée would have to come throﬁghvthe‘
'dummy dée; >S§ a ”plug-in" concept was adopted, in which the‘éentral
" parts 6f thé-deé,and.dummy_dee>out to a 14 cm radius, the "inserts", are
remdvable at.vaéuum through the dee‘stem. The'dee.inserf isvmountgd on
a tra& in the'dee,.similér'to thaf holdipg thé7normalbpuller; as shown

in Fig. 6. ~The dummy dee insert is held by_ball deténts in the_main

FIGURE 6

‘seétipn of\the dﬁmmy dee, which is bolted to thelpdléé; It can-be:
removed By é:tool tray through the dee sﬁgm; _The material'of‘the_inserts
“and dummy dee is.iﬁconel, ﬁhichvis a high temperature ﬁickel:aliéy'with‘
good'highvvoltage éharacteristicé.

| At the‘same fimé thatﬂa new .axial injection center region waé
designed, a qénter_iegion for the intefhal sburc¢ had to Bevprovided.
~ The plug-inbfacility allbws'é wide choice of center geomefry. We decided :

to try a narrow gap design here aiso, as shown in Fig. 7. The. structure

FIGURE 7 '
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is again based 6n 180 degree symmetry. The design provides a source-
puller set-back aé in the ériginal design to give electric focusing, and
a "half-turn" collimator to clip the phase to 6 degrees as required for
some experiments. One interesting featﬁre is ahsliding edge én the dummy
dee insert, moved by a pin on the ion sourcé,'to maintain 180 degree sym-
metry for Qarious ion source ahd puller positiong.

.Opérationai expéfience wi£h_thé inserts show that they'éan be
changed in about 2 houfs, There have been occasional problens ﬁiﬁh'
engaging th¢ ion SOurée pin in the sliding edée upon source insertion.

vThere has béen slightvinserﬁ meltiné neér the pullef, and on the first:
half turn>§ﬁ the dee insert during a bad verticél ﬁisalignment ofvsburée
and ﬁuller.’ Maiiﬁﬁm beém currents are as large as befdre;v‘hundreds of
UA of‘proténé, He3; and a—pafticles'aCcélerate well, and intengity is
normally’limited by septum power dissibétioﬁ, .éareful trahsit.surveys of
the sourcé énd puilér heights have shown that the source rises gradually
1 mﬁ When.the main magnet current increases, and the dge and puller drop
gradually 0,25 mm as the rf power increéses. These surveys are usedvto
get a vertiéal_alighment_df 0.25:mm between source and pulier,'since
larger misalignments afe observed to cause largevvertical beam oscilia—

tions, and heating of the top or bottom of.the inserts.

5..{OPEﬁATION OF PQLARIZED SOURCE AND AXTAL INJECTION SYSTEM
Thé first test of the entire system of poiarized—ion source,
axial-injeéti&n‘system, and cyclotron acceleration was in April.l969;_ In
that test the source gave (00 nA of polarized protons, and theére ;as an

‘extracted beam ofvl.S nA Qf 20 Mele§otons. The pdlarization vad¥measured
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!
v !

v;s éd%_iﬁ;déyé h: _Sinée'then sbmevimproﬁementé %évéjgéén,madéf The -
atomic beaﬁ collimatdr apertures havé.béen OptimEZed. ;Théiionizer align-
ment has beeﬁiimproved,baﬁd é quartz'dischiator tube‘has Béeﬁvinsﬁalled,.
:to repléc§ £Hé pyréx tube. ”The beét résults'of_sys@em o?efétion to -
éugﬁét 1969 are gaven iﬁ Table - I. The pélafization waé measﬁfed in.

N

TABLE I

Cave 5 by scattering. from. carbon at 16.7 MeV.
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" _ " .. TABLE I. Systeh Tests with‘QQ‘MeV”Protohé.

Toh 'source -

‘Polarized

Duoplésmatron-

Injection energy

0

Accélefaﬁéd;éurrent

Transmission: Source-ext. beam

Polarization

"Buncher used?

12 keV 12 keV~

1.4 A 2 A

‘50 nA 145 na

20 nA 60 .nA

154 3%

70 % -80'%'

No ‘ Yes, .

10 keV
ho u.A.

» 3.6 UA

: 1,8vuA‘;,
h.5 7

0

No
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FIGURE CAPTIONS
Fig. 1. Polarized-ion source schematic cross—sectioh, showing principal
components and vacuum pump ports. o : : -

Fig. 2. Axial injection transport line schematic cross-section, showing‘

compoﬁéﬁ£s. Note that one quadrupole triplet lens has been omitted.
.Fig. 3. »Iﬁfiecfor housing.: Exié'slotvét ceﬁtef'brihgsbbeém into dummy
_'dee. .Ma£éiiai,is inconel. | | |
Fig. b4. beiAl injeéfﬁop center region plan view, showing émallést beam
tféjéqtépy fdr ﬁaximﬁmvénérgy-&—pérticlés.‘.”Plug-in“ déé and“dummy'
dee_iﬁgerfs are shownL- o |
Fig. 5.  Pth; §f ékial’injecfigﬁjcenfer‘region when'set up_prior_to“.
insﬁéilétion,'showing dummy deé Vith:inéért, inflecto;, and deé with
_inserf;- |
Fig. §. -De¢ iﬁéeft for_axial-injectiohmeunted on its tray.__Material
is'inédnel.'; | |
Fig. 7; Neﬁ internalvioﬁFSQurce center rggion plan.viéw, sﬂowing.béam>
'trgjecf5fiés for loweSt_and;highest energy.beaﬁép 'Nété slié{ng edge L
on dumpy,dee ipsert, moVéd‘by pin-gﬁ anode.r «." & ”
: ,
F .
;




“r

" TO DIFFUSION

~ FIELD 'MAGNET B

CWEAK PELD___ - P N

0.. 5 10 15

| . N

T0_BOOSTER
PUMP

“PUMP

_ SEXTUPOLE
 MAGNET

_INTERMEDIATE N

§%\%§ o | TO_DIFFUSION

PUMP

MAGNET - N

LN COOLING—

. e
IONZER—

TO ELECTRO
ION PUMP

MATCHING

LENS ——“\\\\\\\

[FEUEE PSP

INCHES
0 1 2 30 40 |

POLARIZED 10N _SOURCE

XBL 68H702

CENTIMETERS

[

13- ' ucrL-1893k



UCRL-18934

1l

POLARIZED

BENUING
MAGNET -

\
A

11
' DUOPLASMATRON
SOURCE

" |

INFLECTOR

—DUMMY DEE

LINI

1

AXIAL N,

-
-

-

=

[

T

i
UK}

oy

Fig. 2



] G

XBB 695-2887

UCRL-1893L4



-16- | " UCRL-1893L .

. PULLER
TRAY

Q{(« y
I 3 \\\

|<‘\

- DEE
INSERT

INFLECTOR

HALF TURN COLLIMATOR :
"DUMMY  DEE
i INSERT
- __MALF TURM
SUT DRIVE
"3
NEW AXIAL INJECTION
CENTER REGION
: JUNE, 1969

XBL 698-1229 -

(4

&

v,

«




UCRL-18934

=

-3150

CBB 695

Fig. 5



1B UCRL-1893L

XBB 695-2882



9. - UCRL-1893k

PULLER TRAY

/DEE INSERT

SLIDING EDGE DRIVE
ARM & PIN

PULLER —
10N SOURCE —

SLIDING EDGE
DUMMY DEE

OUMMY DEE
INSERT

; 1 HALF TURN
et —— : : f/_ SLIT DRIVE
| — 1 .

NEW INTERNAL ION
SOURCE_CENTER REGION
MAY , 1969

XBL 698-123]

Fig. T



LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process dISclosed in th1s report may not in-
fringe privately owned rights; or ~

B. Assumes any liabilities with respect to the use of, or for damages

resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.




}{‘.





