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as an injector of 4 ilev protons’ into the
is of the Wisconsin norlzontal type and is
eight feet in dimmcter and 27 {feet long,
pressure of 200 peSeiege 4 ;on@th of 15
ating

The air

inches, with a

" subdividing this gap into two 10-inch gaps.

Co i, Turnor, Lo Jo hudwlns, Ty Le Pllhlore,v"*
i Re Jeppson, J. U, Gom . -

zap between the high potentidl clectrode and taunk

Unlvergltv of Califo*nia,
Callxornla B
¢

T“‘CT

generator has been built to serve

linear acoelerator.; This machine
,r

s housed in a pressiure vessel

64 5

designed for a maxirmm operating

*

‘feet is provided for the insul-

support structure, including charging belt amd accelerating tube,
. i

wail is 20 o

¢
P

second electrode operating at one-half the tobtal voltage

Dependable opcrqtion at the .

4 million volt lovel is'realized‘*rd1 100 peselegs nitrogen w1tn about . _

'

5 porcent by wcnvht of TFreon 12 (CClnrz)

Proton pulses aﬁ;4 Mev of wp

to one millicnpere height and 500 microsecond duration at a normal rep

ctition rate of 30 per sscond are now available focused into a spot dia=

meter of 1/16" -

&

zive an average proton beam current of about 50 microsmperes.

1/6", . The pulse repetition rate can be increased to

)



' injection ares (a) To have the injected beam current as large as possible, ¥

- which can be tolerated in the injected beam without excessive loss at 1073
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1

.' . 1 3 H .
The Berkeley elegt;ogtatic gonerator was designed and built pri--

- marily to sérve'as the injector or ion source for the proton linear'accei-

PR

: 2 ' : :
» erator in this laboratory . The basic requirements for linear accelerator

7

and (b) to have the energy above a certain minimum value which is set by . i
considerations of drift tube design and focusing. , ’ T
; .

l

The drift tube array in the accelerator is 40 feet 1opg, with a " Lo

3/@" diameter opening through which the beam passes;‘INeglectihg the focus-

ing forces, thi? sets the order of magnitude of the angular divergence

radians, It aﬁpeared that an electrostatic ﬁype accelerator could deliver

‘a larger current into this aqcéptance,angle than could a cyclotron, due to

the inherent ability of an electrostatic machinevto‘deliver a beanm of SmaI}
. . . 3 o *
diameter, together with small and controllable angular spread.

¢
1

The injection energy of 4 million volts chosen for the present ' ;,;;;7,g'
: machine‘was.arrived at from the following considerations? (1) It was in-

itially planned to use thin conducting foils to close the drift -tube opening °
N . ) «f . A .

on the high energy side of each gap to secure first order fodusing, .This
' oo '

required an injection emergy high enough.to avoid prohibitive Scattering‘in :

the early stages wheré-%he proton enérgyﬁis,low.‘ (2) It was,desired to have

v

S amh Gcm S MG MAD G0 s Pt Gam (i S M ek Gd Gk M GOV SR GRS s S N g B Nl M A N B s e G e S s b o

- 1This article is intended to describe only the essential features of the

machine. See U, C, Radlatlon Laboratory Report'UCRL-GZS for greater detail,.

®9%Byrkeley Proton Linear Accelarato " (University of Callfornla, Radiation
Laboratory Report No. 236,, dated 11/30/48.) - - .. :
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| a machine with a high enough operating voltage to-make it a useful researdh

“.-

L ‘ i ;
| ingtrument in itself. ' (3) The art of elsctrostatic generator;design ine

\

i

. "dl?eted that 4 million volts was a safe design figure and 4 mlllion volts

: : !
appeared adequate to fu1f111 the first two requ:rements. ;%

t
C «

I

BASIC DESIGN

1 . L 2 S TS AL S
i

6

, , 3,4 : : .
The Wisconsin horizontal machine ° @ was chosen as the basic model -

,"_for‘the Berkeléy mechine because of its‘satisfactory performaﬁce and be- .

cause its extrapolation to give dependable oquation at the 4 million volt.

'lével appeared to be a safe undertaking. A horizomtal machine was also 'f@i.,: o

praferred for linear accelerator injection, s1nce it avoxds the problems

_of defocu81ng and sens1t1v1ty of beam p031tion to energy assoclated w1th

»_Zthe-90° deflection that is required with a vertlcal machlne, kB b

. i N £

| . B _ -

L - . P . g
. Experience with the Wisconsin machine showed that the highest volt-

age at which it would operate steadily and dependably on a p;oductioﬁ basislﬂv’“

was near S.S:million, although intermit?ént’operation'with ff?quent'spark-'t

ing at voltages as high as 4.5 million'ﬁaé‘attained in early;teéf work,
The basic Limitation in the 3.5 million volt region was air gap breskdown,
aithough in thé-highest voltage test wprk; some damaging sparks occurred

along the charging belt near 4.5 million. The changes that appeared nece

esoary in order to insure satlsfactory operatzon at the 4 mllllon volt level -

weres (l) Increasing the strength of the air gap agalnst direct sparkoverg

(2) Increaslng'the'strength qf'the'charg1ng belt'against‘flashover: and

r"

-—.-—-—-a—-—-—-———---————--ﬂ————m-——--———-—&

. 3R, G, Herb, C M, Turner, C, M, Hudson, R E, Warren, Phys.fRev. 58: 579:

(1940).

40, U, Turnerg Uhlverslty of Wisconsin, Ph.D, Thes1s, 1943,

) »V »
’i.
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“

(3) Increasing greatly the mechanical strength of the insulating support

structure to accormodate the considerably greater wéight of equipment involved, i

 F . ) ,I ’

TFigure 1 illustrates the genefal features of the Bérkeley:macbine;-an@-the :

photograph of Figures 2, 3, 4, and 5 show the general appeaf@ncqvof the zrsmcper

machinee.
{

The air gap was strengthened by the following changess (1) The dia-

i
!
! A

meter of the pressure vessel was increased from 5—1/2 feet t6'8 feet, and a -
[ '

simultaneous increase in the diameter of the high voltage electrode from 24

i
4

‘inches to 56 inches gave en air gap length of 20 inches compared to 15 inches

in the Wisconsin machine. (2) The maximum operating pressure;of the tank was
increased from 100 p.s.i.g.*to 200 peseiege (3) Provision wé; made, if the o
necossity arose;ito use a total of three eqﬁiﬁotential shells (in addition to
the high potential electrode) to subdivide the air gap, althoﬁgh it was felt

that one would be_sufficient end only one is in usey

The danger of sparking along the charging belt was reduced somewhat
by the following two provisions. (ly'Three_equiny-spaced sheet metal
partitions or diaphragms;'Dl, Dy, and Da, subdivide the insulating cﬁlumn'

into four equal lengths. The belt runs through rounded-slotg;in these

- diaphragms so that electriéally it is effectively divided into four equal

short lengths. This hel?s to maintain the proper distribution of potential
over the length of the belt and thereby reduces the likelihood of failure

due to effects which are dependent on belt length. (2)‘Provision was made

for a complete system of belt shieldslaS‘developed by Trump and Van de

I3

6 - : :
Graaff , although experience has shown that they are unneces#ary for sate

isfactory operation et 4 million volts, = i

Ac
. . il .
. i

®Phys. Rev, 55, 1160 (1939). : I ;

, ' » _
' +
: .
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" much lateral rigidity and at the same time the‘accessibilityicf vacuum

]

P
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The strength of the tripod support structure used inzthe:Wisconsin-

. 5 - . i S
machine s marginal . . Since we had the problem of eupporting a-considerably -

T

.greater welght of equlpment jin the high potentlal electrode, ‘as ‘well as a
grcater welght of equipotential shells and vacuum tubes, it was ﬁmperatmve
.that the support structure be made much stronger. This was accompllshed by

the following changes, although- the same materlal wes ‘useds (l) The number

7
’tubes was 1ncreased from 3. to 6 to form what we may call a hexapod

(2) The size. .of the tubes was 1ncreased from 3 3/4 inches out51de diameter r:{'”

by 5/3 lnch well in the Wisconsin machine to 5 inches outside’ dlameter

(“

by 13/32 inch Wall. (3) The tubes are arranged in groups of § above and d:

PR S

fbelowygat 30° .angulhr separation (Figure 1). An increase of:wertica1c3fd

_.rigidity is gained with this method of grouping without sacrificing tcoE* L

‘tubes and belt from the sides is greatly increased. (4)'Thefpase diemeter -

"~ of the.hexapod'wes increased!over that of the tripod to give an included

angle at the apex of 14-1/4°, while the corresponding argle for the tripod

is 9.6°. (5) The apex of the hexepod is made considerably more rlgld than _div'L 
that of the tripod. The tubes are anchored rigidly to the large duralicast;Aikjgg L

._.ing,uC,lat the fuent cf the highvpotential"electrode, while the middlertubes‘u
. above and below are effectively continued almost to the poinﬁ‘of inter- :

“gection by means of steel-lined Textolite tubes inside the high voltage

terainal, (6)2While it was not‘initially planned to do so, 4% was laﬁer
found d951rab1e to ;nstall dlagonal braces from the ground end to the mide )

p01@t of the machlne These braces ccntrlbute greatly to the rlgldlty and

¥

stralghtness of the support structure.

-------““—--—ﬂ—-———--“_—ﬂ--———_-——--—‘v

7Grade 1824 Textolite (Herkolite) manufactured by Genera1<E1ectr1c Company.

’ .
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B | GENERAL DISCUSSION R

The mainlbody of the tank is moﬁnted on a carriage and rolls back

1

on a track to glve easy access to the generator mechanism.» Thé process of
disassembly con81sts of: (a) Removal, of the bolts in the maln flanges
(b) Releasing the 1ntermed1ate shell onto a special cradle placed in the
tank; (c) Removal of the hlgh rokbege vlect*ode5wvth an overhead travel-
ing.crane. The whole procedure of disassembly can be ;;coﬁpélshed in
:about 3/@ hﬁﬁr, but roasseﬁbly takes about twice as long, due.to the careful 41'

cleaning that is required.

The hexapod support structure is anchored to the rigid ‘steel freme=-

~

1

work, F, whlch in turn is attached to the tank at three p01nts where pro-
vision for adjustment permits accurate centering of the hqxapgg within the ;
~ tank. The diaphragms, in aﬁditibn to breaking the machine uﬁyinto shbrter;fi
lengths‘eleo?rically, séfve to hold the textolite tubes at thé correctvsep-

v aration at these intermédiate‘pdSitions and provide support for the wvacuum
tube (or tubes), and beltvguide bars., Thelstiffnessuof the hexapod, ine
cludiﬁg fhe braces to the midpoint, is éuchbthat 100 poundé gives a defleca;
tion of about .08 ipchés. To pfevent'the structure from overturning due to

its overhang when the tank is withdrawm, the sho}t end of the tank is sup=

ported by a framework4ﬁhicﬁ-extends well beyond the center of gravity,

" In order to provide adequate épace for mounting of equipment'néc;
':essa}y for operétiqn of/a high currept idnrsource, a relativeiy large (6
- feet long by 56 inches diameter) high %oi%age terﬁinal is'used; Thevgi-

‘vtens1ons into the high voltage termlnal ‘of the mlddle textollte tubes top

‘”and bottom provxde a convenlent means of supportlng and 1nsulat1ng the ion

t



-, end,

‘standard charge doubling system in the high voltage terminal,

UCRI~362
.-Page 10

"o

soufce'equipment..’The intermediate electrode divides the'overall 20-inch

!

‘air gep equally 1nto 10 inch gaps, and it is supported entirely by attache

vmont to the hexapod at the open end of the shell, thus avoidlng the com=

I
pllcatlons aSSoclated with the use of an auxilisary support for the outer

i !
'

<t

! . ’ : . g

. . 8 -
The charging belt is 20 inches wide and is driven ut a speed of

¢

- 90 fect per second. It is kept properly centered on the pulleys (6

inches in diaméter by 22 inches long) by a 0,9° taper eiten%ing over a

distance of 4 inches from each‘end, together with a mechanisn by means of

which the rear-pulley can be tilted, A pneumatic cylinder (Figure 1)

keeps the belt under a constant tension of about 800 pounds to take up

stretch, ellmlnate sag, and avoid pulley slippage in transmi%tlng power to

the_generator inside the high voltage terminal, Zircon guide rods keep

the belt accurately positioned vhere it passes through the diaphragms,

‘The charging system consists of a spray comb,with.needleS'spaced 1/4 inch

I

-apart and about 1/@ inch from the belt connected to a 0-60 kv voltage doubler.

- Negative charge can be applied to the outg01ng belt run by means of a"

Provision is made in the deslgn for two identical vacuum tubes

side by 1de beneath the belt (Figure 1), w1th the second tube belng b

originally planned for dlfferentlal pumplng on the ion source. This plan L

rt
was later abandoned in favor of the dlfferentlal pumplng system descrlbed

‘ 1ator in comection with the ion source, so only one tube is being used -

~in the machine‘at the ﬁresenf time. The'accelerating tube design is

\.-“—lmﬂ——_--———-—-——-—on_————~-—-__——.-—- |

al“our-ply, endless woven cotton, manufactured by Arthur S. Brown Co.,
Tilton, N.He. P
®High dielectric strength’cefamicrcontaining zirconium'oxide.' - ‘*'?}

[ . f ]
Te

r. u' . .
o
epr

o ey

e g e

el

s



_ vment and lack of parallelism between the axes of fhe two machines,.

 n1trogen gas is used with about 50/6 by welght of Freon 12 added to in-

- i | UCRL-352
.. . Page 11

ptactically identical to that used in the Wisconsin machinea’é’s‘except
. - N ! )

that 1/32 inch gaskets are beihg used instead of .01 inch. The t@be is

¢
4
P

s"embled in four subseotions, each consisting of 17 porcelaiﬁ:sections

‘ and °p1nn1ngs, which 301n at the dlaphragms. A jack screw aﬁdlgimbal ring

assembly at the ground end pushes the assembled Tube against springs,at
the high,voltage end with a foree of about 5,000 pounds to hold it to- °

A ; . R :
gether and maintain the vacuum seals,

I Hoops mede of 3/4 inch diameter dural tubing spaced ‘1-1/4 inch

apart onclose the hexapod structure and negative point-plate:corona,gaés
N ~

]
o~

of each hoop, shield rings made of 1/? inch dural rod are situated both
nside and out81de each textolite tube (Flgure 6) to 1nsure a unlform

gradlent along them.,

The beam from the Van de Graaff generator nust be injected into

fhe%lingar accelerator éccurately alohg_the axis of the drift tube assem=

§ ‘

'bly:to minimize losses. 'Proper alignment is secured by moans of the

steoring magnets shezm in Figure 1 which are about 3 foet apert and which:

are constructed so that each megnet con deflect the beam in either the

f.jhorizontal or vertical plane. This permits correction for both ‘displace=~

oA

In order to minimize the danger of damage to the mauhlne by flre,

i
e

crease the breekdown voltage. Nitrogen gas is supplledrfrom-a high pres=

- 1 ,
sure storage system ° which stores 20,000 ft. of nitrogen (NTP) at 2,000

_—--n—-———.-——-_-.-—-————-—a——-—--—--—--———_»——u——-‘dn

Installed and kept charged by the local Llnde Al;,Products‘Company.
o : ’ ot ’ l .

i
t
-
|
i

vgive the,required uniform gradient of potential along them. " In the plane -



! o o , UCRL=352

P i o : S N Page 12
PeSaiend which ‘is,} sufficient to £ill the Van de Graaff tank about three times.,
3Fr;bn ié inﬁroduéed into tho tank by means of a standard refgigeration COome
vvfﬁréssor. The. gas charge is vented to the atmosphere when it 1s neceusary to

AC:open the tanL.T loisture and oxygen present in tho atmosphcro are removed

i

. when the tank is closed after servicing by evacuatlon for a.few hours by
L | , ' . _ By S
means of a 750 c.f.m. Beach~Russ punip. Since the gas admitted to the tank | ' N
1sfertremely dry, further drying equipment has been found unnecessary. ' ?
o ! . . /: X . .4 ; ’,

 TOW SOURCE SYSTEHM

o Basic Problom

SR | ' o ' R
. An instantancous R power input of 2,5 megawatts is necessary to
| .

bﬁerate the linear accelerator resonant cavity atv the required voltage level, .
.Thi; means that pulse techniques must be employed to keep thg average povier

level at a value such that the cavity ﬁalls'can be kept cool and such that"f

the powor costé are not prohibitive. A pulse length of 300 m;crogeconds and -

.a puloe repetition rate of 15 per second giving a duty cycle of about 1/%00

have been employed until recently when the maximum available auty.cycle wﬁ;i .
increased to about 1/50 by doubling both the pulse length and repetition

' rate. During each pulge, stable acceleration taPes place- over only about

100/5 of each RF cycle, and the focuulng grids Whlch aléﬁnOW'Used in the B
drift tubes in placo of the originally planned foils 1nLcrcept about 50 /b ‘

of the beam, These factors combine to give an effiClency féi utilization of

a cteady injected beam of only about 10”3, Since the 1nstagtaneou§ current ' o
that can be handled by, the linear apcelérﬁtor without oxcesgi&é loading is of | |
the order of 10 milliamperes; the beaﬁ ;vailablé from the injecfor will

clearly be the 1imiting'£actor on the output of the machine. This makes it e
not only desirable but essgntial tb got ‘as ldrge beams as pqséible from the ﬂ

injectors ' ’ T



'ﬁﬁ;through a sultable accelerat1ng tube. Inasmuch as the basic requlrements for

r*;}processes occurrlng w1th1n the accelerating tube,. the latter will be reviewed .

. ' . . UCRL~352
v / . Page 13

f " The production of nigh current, high energy ion beams with a Van

de‘éreaff‘electrostatic generetor presents first the problem“of'generating;
by neans of a Suitable ion source, an ion current of the desjred‘megnitude:a

) .and second, the eroblem ofvacceloratlon of this ‘ion bean to hlgh energy -

f . .
: '
e

5 5 RN
SR} satlsfactory hlgh current ion source are determlned ahnost entlrely by |

/

/’» !
AT
H

U pirst, |- .

{
{
l

| f . o 'Accelerating Tube'Prccessoe ‘ .
Diffieulties are encountered when an attempt is medo to accelerate l_}zi
;large ion.beams through the moderately long accelerating tube required for'ir;t,if¥ L
ihlgh voltage acceleratlon due to the presence of residual gas in the tube, |

'Ions traversmng the tube make ionizing collisions with the mclecules of ' f'-;: L

;i‘resldual gas, creatlng further ions, and free electrons whlch in turn lead to ‘

';!the following addxtlonal processes. (1) POS1t1ve ions formed 1n the tube

creato further:pOSitire ions,. (2) Secondary pos1t1ve ions can colllde with gf'f‘_feffY

the tube electrodes caus1ng emission of secondary electrons. aS‘well as out= | . a,i,é;f

. gassing whmch contrlbutes further to the pressure of res1dual gas. (o) The"
. .f:.

.,,z--:_..\,:—-r—( ‘ : }

elcctrons 11berated in the 1onlzat10n process and pos31b1y by secondary SRCEE I
-~ emission from tho electrodes are’ accelerated toward the hlgh’voltage %nd of’mj

‘ thc tube and can in principle multiply further in trans1t by;strlklng the o 7

“n

tube electrodes and by producing ions in the gas. They w111e1n general ac-jrf.'.'j‘~if

‘4 .

quire sufficient energy before striking ‘either the tube electrodes or the
4
high voltage. end of the tube to produce penetrating A-radlatlon for vhlch

adcquate shielding must be provided.

L4 C [
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: . i" ciple bo set by either'of the two following mechanisms. (1) Secondary ionﬁ
FagaN b "
lzmtlon occurrlng inside the tube can increase the 1on 1oad1ng to the p01nt

R
. .‘,.§\

"~ where it exceeds ’the charging capacity of the syston whlch malntalns the

voltave. (2) %on and olectron drain to the accelerating eloctrodes can dis-

tort tha dlotrlbutlon of potentlal along the tube to the pomnt where break=
dcwn is 1n1t1ated The relative importance of these two mochsnisms depends
cntiroly on what,hapnens to the‘secondary ions and eloctronsﬁformed in the
tube., If mosﬁfof them travérqe the full length of the tube and arrive at thé 1

ends wmuhout utrlklnc the electrodes, we may expect the flrut process to be

P

uhe mors 1mnortant; but if a substontial fractlon of them reach the eloc-

trodes, we can expéct trouble when this current becomes comparable to that

{
i

[ . ; !
floving along the bleeder system which maintains the uniform: distribution

of'potential along the machine, . i
ol ) '

Irrespective of which of these two processes is thc more important,

1t is apparent that the. successful handling of large beams is dependent on

l

mlnlmlzlng “the secondary ionization.  The dependence of seccondary. 1onlzat10n

, .

in the tube on residual gas pressure can be expected to.be o oonentlal ulnCO
“tbe multlpllcatlon process is qualltatlvely S1m11ar to that o; elcctron ava-4

anchlng in a gas, If Ny is the number of ions por second onuerlng the tube';

\ [‘

from the jon sburcé, Ny is the number crossing a plane at'distancé_x dovm '
the tubo, and A is the average free path between iénizing cplliéions; then

P

the following relation should applys ‘ | IR
SO o W= oA .

For x = L, where L is the length of the tube,
| . L
(2) 5 : :'NL e No ex :

s : [
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whefe Ny, i» he number of positive ions pcr second arriving at the ground end
of tko tube, assumlng no loss tO'the slectrodes in transit, Tne back electron
cur#cnt should be essentially equal to N alspl(assum;ng NL>>jL3),.since each
ionization proce;s liberates equal positiveand.ﬁogativa‘chargas.u For. a given
volt;ge, ?he Xe-ray background from the machine should be ditectly'pfoportional
to the ba;k elécfron current and hence it provides a meens of qheck;ng equation
(2) X;ray measurements show a linear depondence on_primary beam ‘current and-

|

an orponentlal depondence on pressure as predlcted.

i

Since ionization 1n the tube is exponentlally dopendent on residual
5

_gas pressure, it is clearly of primary importance to minimize this pressure,

’

. Positive ions are generated in an ion source by ionization of ‘d suitable gas,
\ I

"and it iS'some'o?.this gas which enters the accelerating tube, along with the

ions,that causes; trouble.. The quantity of gas entering per mﬁgroémpere of ion
i . . i : ¢

beam depeads on the officiency for conversion of gas to ions,/but in the best
sources, this is ohly a few percent, The.residual pressure ih,the aécelera%ing
tube due ﬁo this flow of gas'varies inversely as' the pumping %peed of the tube,
so it is desirghle to use a tube wifh as high a'pumping spead as is practicable,
However, the best solution to the gas problem appears‘to be that of différential -

pumping on the ion source. By suitably arfaﬁging the eloctrodes of the ion
. . ‘.’ Lo R : . .
source, the ion beam can be made to pass through a small opening which offers

relatively high impedance to the flow of gas prior to its entrgpce'into'the accol=-
i , - . . " ' . | . v .
erating tube. If S, is the speed for flow of gas through this,opening and a

pumping system with speed S5 is connected to the space ahead of thls opening,« .——

then the fraction of gas 1eav1ng ‘the ion source that gots 1nto the acceleratlng

-

“tube is S1/Sge ‘This arrangement is known as differential pumping, and 1t is .

1
1 . ! . ,:
H . ) "n
t . : 3
L &%

gt
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| : o
possmole to make Sl/bg of the order of a few percent so a large reduction in

(" |

" tho amount of gas entering tho ‘tube can be attained in this menner,

S 1
,‘,b‘ b | Differéntial pumping can in principle be accomplished by a variety |

of methods;ll each of which has-certain advantages and dluadvantages. Thé mosf:

common mothod 18 that of a pumping tube similar “in constructlon to the ion o

acceleratlng tube sorving as a condult for gas from the ion source to pumps at ey

"~ the pround end. "o are using an.altornatlve method descrlbed later in vhich a,h

&

‘ complote pumplng4system is'bpefated inside “the high vditage terminal,
T ) ) ) +f

| s
i i

............

Ton Source Pu131ng

: Sinée the linear accelérator is, pulsed, the beam.frgy the injectoru
can 1ikewise be pulsed in synchronism, and it turnsvéut to be advantageous to'
do sé.for.the following reasons. (1) For a given instantanéoﬁs injectioﬁ cur-
rent; pulsing cuts the'averag? ion‘loaé on the mgdhine by a f;ctor equal to the

.. e:, duty'cycie'(about 100),, This pe;mits‘gcceleration of beams of the order of a
milliampere‘which ﬁould far exceed the capacity of the machine on a.steady
vbasis. (2) Experience with both pulsed and steady beams has indicated that it

'is thoe a%erage éufrént'through an accelerating éﬁbe that sets,the limit on what
it_ﬁiil handlevqéﬁher‘than the insfantanoous current. This means thatva'tube
limited to 5 microamperes in a steady beam will give satisfactéry performance

with a 500 micréampere pulsed beam at a 1°/0 duty cycls., For:tHesé‘reasonS;

most of our effort has %pne into development of‘pulsed ion sourcés;

I+ should be hbted that the capacity bctwcgn gcpelefating tube elec-

trodes is sufflclcnt to provmde a stablllzlng effcct for pulsed operatlon,

-—a-———————-——-”—————n--~~--—ﬂ-—-.-_--_-_ -

~
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since theistored charge opposes any chonge of the potenfial distributibn by

i

charges collected on the electrodes.

N
I
o
7

........ Cae s ,[ .. : ‘

PIG ‘Ton Source

. A Zinn type ion source was employed until’ recently'when 1t‘was re-

P

placcd by another source using a PIG (Phillips Ion Gauge) type dlscharge, which

V ' \.

has provcd to be better in every respect. This source uses no fllament, operates -
at a hyarogen prossure about one-tenth that required for the Zimn arc, and L
ds1§vers into a more sharply focused beam'greater currents thas were availablel'
from ‘the Zim source. TFigure 7 illustrates the essential featsres of this
source. The tWO‘spft aluminum cathodes C, and Cs and stainloss steel anode A
are situsted in a uniform axial magnetic field generated by cbil S. The

volume defined axially by the cathodes and radially by the hole in the anode

s a reglon in:whlch electrons are trapped. They cannot escape ax1a11y because

thoy‘are in'a potentlal‘trough, gnd thgy can escape radially pcross the magnetic

: ufiold oniy after making many collisions with gas molecules. Upon appllcatlon of

the anode voltage,tho dmscharge is initiated by a free electron from some source

' |
and it is built uR and maintained by secondary electron emission from the cath-

odes' due to positive ion bombardment. A much larger percantsgs of the power in

a discharge of this type goes. into creation of ions than in an ordinary discharge |
where each electron traverses the gas only orce, A small hole in the center of.

one' of the cathodes permits those ions to emerge that would otherwise have

struck it. The presently used source‘is‘aGSigned'only for'pﬁissd operation,
i L

although adequafe coollng of the cathodes would permit steady operatlon 1f
de31red.' Hormal operatlng parameters for this source. are about 20 microns

pydrogen pressure, 1=-2 amperes‘pulsed arc'Current and;800 gauss magnqtlc fidld.

- . P - .
. - _.
s . .
: ’ .o ]
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The normal running voltage of the arc is about 300 volts, but yaries'some de~

ponding on the condition of the cathodes. In order to permitithe arc to

seok: its own running voltage, the arc current is supplied by”d'highnimpedance

or m«sen%ially constantycurrent source, It was found that masx i beam currents '

were obtwlned using a 90° cone and probe geometry.

;} ‘ Figure 8 shows a schematic of the complete ion source system. Ioms
produced in the dicdharge are accelerated and focused into a small diameter

i

. beam by the probc and lenses L, and Ls. The focus of the beam at tho'ground

enq of tlc accelerating tube depends principally on the voltawes across I, and

Lz, aB well as the voltages aéross the first two gaps of the accelerating tube

which dan be variedvby means of adjustable corona gops. The probe voltage has
only a siall effect on beam focus, hlth the machine operatlng at 4 million

4 }

', volto, the best beam and focus are obtainable with a probe voltage of about
' " 10 kilovolts negative, L, at (2 kllovolts.negatlve, and Lg at 50 kilovolts neg-

‘ative. The first two accelerating tube gaps are ostimated to have about 1/2
. N ! . l

"the'nornal letage of 60 kilovolts across them. If the voltage of ‘the machine
-;!
- 1is rcduced ‘below 4 million volts, a focus cen be malntalnod pr1n01pa11y by

;,

varylng ‘the voltages 8.cross L, and Lgo

. , ] R ,. . /
Differential pumping is accomplished by means of a 4" diesmeter,
3 stage gas cooled diffusién pump which has a speed for hydrovén 6f‘about 100
11tvrs/$econd.‘ 1he speed for escape of hydrogen into the acceleratlng tube is

about 30 lltprs/uecond, which means that about 75°/b of the gas that would

otherwise enteﬁ the, acceleratxng tubo istremoved by the pump Coollng gas for

the pump is fo#oed up through the Textolite tubes by a centrlfugal blower, from

a water}cooled,heatiexchanger at the ground ond.(Figure 1), , The diffusion

punn is backed by a Cenco hyporvac,mechanical pumﬁ,;ﬁhiph_tqgéther with its
v i ) ’ ' \ » ) T
| ’ N B ) PR . . ‘.
i . . P

-
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‘ 1
: ,_d11v1ng motor is enclosed inside a small steel pressure vossel to protect it

from the’ hlgh prossure atmosphere in the main tank. A prossure of ong: atmos-

. o
.phere of hydrogon is maintainod inside the hypervac tank to p ovide a closed

| 01rculot3ng SYys tem which operateg as follows., Hydrogen from ,he tank passes |

'through the 01l|vapor fllter and palladium leak into the arc chambero The
#

hyﬁrovon removea by the pumplng system is dlscharged back 1ntn the tank; With(

.OS"(Ho. 70 drlll) hole for escape of ions, the gas flow 1s ‘about 20 cc/hour ;.

at NTP, B ‘ y ;
| o 3 | | |

_ The voltages required for the probe and the two accelorating and focus-'

ing japs arc furnished by separate and independently adjustable power supplies.

!  Pulsing is accomplished by applying a positive signal to the grid

af &' sories control tube (Figure €). The timing s&ggal whiéhfétarts the
oscillators on'éhe linear.accelerator resonant‘cavity also triéhers a puised
light gource which projects a!boam of light through'one of thé’textolitevsupport’
»tubéf to a photomultiplior tube in thexhiwh voltage terminal.w” The 51gna1 framﬂ"

tho pnotomultlpllor and its amplificr operates a multiv1brator whlch drives the )

i3

?TIT%Of the series control tube positive for the' d931rea length of time. The

tlmo delay in starulng of the arc (about 10 mlcroseconds), plus the tran81t-ff

tino of protons through the acccleratlng tube is snall conpared to the ulme’

requlred for bulldup of the accelerator cav1ty to.full_v0¢tage,

oo Ion Source and Accelerating Tube Performance

, ; - .
! ¢ - . ) £

The best performance roalizable'with the Zinn source installation was

about 50~100 microamperss of protons'in a pulsed beam and 5—10:microamperes in

a stecady boam,
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ith tho PIG source, proton pulses at 4 hev of 1 nllllampere have been

rﬂallznd depcndably, focused into a spot of 1/&6" l/h" dlamoter. Vhile the
PIG source camnot be run steadily, the pulse repetltlon rute cex be varied and

it bas on occasion been increased to the point whero an average proton currenmt-
(

of uO mlcroamperes has been attained., The rolatlve yleld of protons, dlatomic '

andttrlatomlc ions from the source, is approx1mately 28231, fThls means that

E23

total beam pulses of 2,5 milliamperos have been accelerated and average currents .

of ‘about 125 microampcres.

t
‘.
"

Our eprrienge with the acceleration of large pulsed beams hag led to
“the following conclusions and points of interest regarding accelerating tube

bohavior.
|

(1)?Hoasurmnenbs of the total ion loading on the acceleratingﬁtﬁbe (made by -
ﬁofing the difference in charging current required to hold a given éoltage with -
andtvlthout an,lﬁn beam), and the dlstrlbutlon of bleeder curroent along the
potentlal dis trlbutlno corona system with and without a beam, have shown that
total ion loadlngs many times greater than the bleeder drain can be tolerated.
This inqicaﬁes‘that only a small fraction of'the ions and clectrons formed in

the tube get to the electrodes. [Estimates of momentum transfer and scattering
‘ - 12 | '
in the procoss-of ion formation  indicate that it is unlikely that either an

ion or a froe electron formed neor the axis of the tube W111 acqulre sufflclent

4.’:

. radial veloclty to carry it out to the elsctrades before 1t readhes the end of

the tube,

! ’ . :
. !

(2) Only small changes are noted on ‘the “meters along the bleéder system with

and without a beam even when the total 1on load is scvoral times the bleeder

«t

shaws thmt any secondary electron multlpllcatlon occurring on the

droin,. 'h1 _
4 i

.«';—mn ————--—--—-;—v———5-——--————u—-.-‘“‘a‘-.h--“h—-ﬂﬂ-————
2 . . .
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electrodes is small, . _ | g ' . ;,

i . W

1 : ' : ’ !

(3) The fact that it is posslblo to accolerate 1arge pulges through a long accel-

| / !
erablng tube 1ndlcatog that 1on1zat10n of the gas by electrons traveling up the

tube is ncgllglble connarod to that of the positive ion oeam, as is to be ex~ i

1

 pected on the basis of relative velocitics. Comparable cross‘sectlons for

' ; l
ionization by the two methods would provide a mechanism for a Geiger type dis-
' . | . . . .

L - ' L P : : c s s : .
charge which would occur in a time of the order of the positive ion transit
. ! .

: timé, vihich is short compared to our pulse length of 500 micfoSeconds.

(4) X-rays from back electron current vary'lihoarly with idnfbeam'current, and

oxponentially with residual gas pressurc. Llcagsurcmonts with an X-ray tele=-

scope show that most of the X-rays originate at the ion source.

(5). The successful acceleration of large ion beams to high energy appears to

ﬁe naterially &ided by injecting into the tube a well-collimated beam of small
i ' o . . s

diamoter which is produced entirely by power supplics within'the high voltage.

tbrminal. Focﬁsing potentials obtained from taps onAﬁhefelebirostatic System'

are too easily laltered by ion and electron drains,

o

The principal difficulty.encountered with the use éf a gas-cooled

0il diffusion pump in ths'high volﬁage terminal has hbeen that of keeping the .

vapor pressure of oil uuff1c1cnt1y low., Excessive 011 vapor in the differential -

pumping region causes scattering of the ion beam and any 011 vapor which gets

into the accclerating tubo aruravates the "problem of ion rultiplication.

L«.)
Silicono oil (BC-703) which wa.s originaliy highly recormended for this appli-

1

- cation was-latorlfound to be far inferior to ordinary Litton’oil, The use of

an achivated dﬁarcoal trap and ice water cooling of the hoat;exchangcr has aided

' s

matorially in reducing the oil vepor. The installation of a:freon refrigerated .
K ' . ’ : . R ,
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baffle in the nanifold between pump end ion source is planne&vfor the near

| 'k‘ - future. . The faLtor.bf 10 rcductlon in the hydrogen gas flow. galnod by the in-
. ."tQ]I&tldn of the PIG ion source reopens the questlon of the: best method of
" dlffcrentlal pumping, At the present time it appears that a pumping tube pro-
T " vides th; best ultimate sglutién, unless some unforeseen difficulties are en-

- countered with the operation of such tubes. in othor installations now being

built,
The overall ion optical system of thec ion source and accelerating tube

'
l

_ mu;% bejsuch as to permit focusing the beam at the ground ené of‘the ﬁube over,
“the' ronge of vqlﬁagc for which the machine is to be used, Tor the sake of
: simp1icity it was desired to avoid tho use .of specially sha?cd focusifhg elec-
if trodes ut the 'bcglnn:mb of the accelcratlng tube as is custonarlly done. With
fj'{;f?the Zimn source installation, the geometry was not quite correcu to satisfy

. i
's1multaneous1y the requlrements of getting maximum beam through the dlfferentlal

'pumping baffle;and gotting a good fogus at the ground end. {This difficulty wals
correctod on the'PIG installation so it is now possible to got both géod beam

focus and maximuna beam over the full useful voltage range of' the machine,
b

v’

Bowor and Controls

Electrical power to energize the ion source circuits is supplied by

L o 13 .
" a permanent magnet field, 400 cycle generator having a capacity of 5 kilowatts

,

at 115 voltse . lhls machine uses no s11p rlngs or brushes and has glven reason-

%

ably troublc—free performance since- lto installation about 9 months ago. ‘Prior
. e

to this, we usad a pair of 400 cycle generators with a DC component for flcld eX=

citation with which a vrohlbltlvo anount of trouble was cncountcred from rapld

prush and commubator wear, . _ ' . L.

P & - .
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'§  Controls of two types are required for operation of"thewionvsoufce

equipments (1) On-bff controls, and (2) Mechanically driven dovices, consist-
x | . e . ’
ing mostly of variacs. Relay circuits are used to operato on;off control

”

funot;ons, while small 28 volt DC actuator motors are used for all mechanlcally

drlvon dev1ces.? A1l control circuits are connected into a 2l-position multi- .

Y

dccc selcctor sw1tch in such a way that eaohhp051t10n of the sw1tch pornlts
operat;on of one conurol function (Figure 9). This switch is’ 1tself actuator
,oper&ted with its position being shovm by é solsyn driven indicator'visible’to
the opefdtor thfough a viewing port at the ground end of the tank., Communica-
tiop‘betwecn the gréund end and high voltagc'torminal is éccomplished by means
of a loop of nylon fishline which operates a 4-position switch inside the higﬁ ‘

voltags terminaf.f Two points on this switch give forward or reverse rotation
) L : ,
to the 2l~position selector switch which permits the selection of the desired
: ! \ _
control function, while the other two points activate the selected control to

<
give on or off, 'increase or decrease, as the case may be.

In order %o faoilitate operétion of the ion source and associated

apparabuo, 14 metors are prov1ded in the high voltage terminal. .Thege are

readily v181ble through two v1ew1ng ports whlch are equlpped w1th 6 power

£
monoculars.

General Performance
Deaendable operat1on at the 4 m11110n volt level requlred for llnear
accclcrator 1ngeot10n is readily attalned w1th 100 pe.s .i.g, of nitrogen to which'
1 -!_

is added about 30 pounds by weight of freon which glvcs a conﬁentratlon of about

V.v

5°/b by weight. Due to the excessive drain along the coronw ;ystems that ocours

in a pure nltrogen atmosphere, it is 1mpos31ble to bulld up aﬁpreciable voltage

+ o 4
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vwithﬁut the addition pf some freon, This mekes it impossible'ﬁo get a curve of
sperking voltage ﬁs. pressure of puré}n%trdgen. It is possib}q; however, to

get & curve of sparking voltage vs. prossure of Np + k?/b ffe?n vhere k is &
co&stantf(aboutlsi/b) by teking the curve as gas is re1eased érom'the £ank after"'_'j

the normal mmount’ of freon has been added to 100‘p.s.i.é. nitrogen, ]
Ono intermediate electrode for subdivision of the air gap has been

, fouﬁd adequate for 4 million volt operation. Exbericnce has shown ﬁhat the belt

shield system i5 not noeded for satisfactory operation at 4 million volts if

!

the belt charging current is kept below 400-500 microamperes:f>Spafks‘along
‘the belt ocourred on several occasions during the early life of the machine

~ when this value of charging current was exceeded.

&

. The ultimate voltage limit of the machine has not been explored with

£

any degree of thoroughness as yet, primarily because adequate voltage for the"

- purpose for which the machine waé designed is attainable af only 100 p;s,i.g. '
Thére is some difficulty at higher préséuros with overloading;of the belt
.drive motor and' instability of the'spray Systam,"but these_cé? be Qlimina?éd
if desired, E&?ntﬁal reconstruction of the accelerating tube using rinyl seal
aséombly:is con%emplatea in érdefx (a) to obtain greater puméing spoéd,

(b) to aﬁbid tho large smount of rubﬁer at present required for gask§ts,‘and
(c) to gét accelerating électrodos made to closer tolerances than our present

ones.
| ; . ‘ S e
The overall operational reliability of the :machine was initially

u ~

poor, due largely to the greater than normal amount. of equipmépt in the high

i _ ' ' o
voltage ‘terminal, but it has improved steadily until at present it averages o
80~§o°/b‘on a 16 hour day operating schédple."ﬁa diffioulty;has'béen‘.

L4 i
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. . l
encounterod from sparks damaglng the nylon control 11no° No undue deterlora-

-

» tlon of V’belts;occurs in the oxygen-freo atmosphere.l Charglng belt 11f6

| now averages about 1,000 hours .

...............
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