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                                ABSTRACT

     A new type of ion source iyithout hot eathode is eonst.rueted, Nvhich is little
  consumable in eleetrle power bnt gives comparatively intense ion current. Mhe •
  discharge is produeed in a srnall cylindrieal spaee under coaxial magnet2c field.
  Between the iron cathodes xvliieh eonstitute tliemselves a pair of magnetlc pole
  pleces an anode of doughnut shape ls settled. [I]he ions are generatecl by the
  agitative rnoven]ent of e}eetrons in the eleetrie tmd magnetie fields ancl then
  introdueed into the higher vacuuu} side through tte eana} bore6 in one of t})e
  eathodes.
     In the case oÅí hy.drbgen gas, it is operated acleguately b.v the diseharging
  vo}tage of D.C. 10eO-v20eO volts under the n}agnetic field of 200-v500 gauss at
  the vacuun} pxessure of 8Å~10-'4•v3Å~le--3mml'Ig, and tlle extraeted ion current is
 20-.3eOptA. Tl}e output ion eurrent is easll>' eontrolled by the adjustrnent of
  dischaurg2ng voltage, ma. gnetic field or vftcuum pressttre. The mass analysis shows
  that more than 60 per eent of total ions are pi'otons.
     The comparison betiyeen the theoretica] and experiinenta] results for protons
  pa$sing through the canal is cliscu$sed and the mosit ell'ective slze of' canal is
  deducedi.
     A gas leal.T apptxrattts to {idjust the pressure xan.t e t'or proper operation is ulso
  devlsed.

a. gntrodactioit

   ffor lon.cr years we have hopecl some improvements to the ion soew•ce

of ilutherforcl-Oliphant type (l) which has been usec]. as a p}'oton souree

for atomic disii}teg}'at•ions in our laberatory. .

   • ?becently, ion sou}'ces precltieed in magnetic fiel{'1 have been stuclied

by many worl{er$ (2). A.lmo$t al! ot' then] are "low voltage ayc type"

xvi'th }}ot cathocle. The pressure o/f the disekarge tubes oÅí thi$ type
lies generally between 5Å~10'"3 ancl 5Å~IC'"2nimllg. [l]hough they
l]ave n]any aclvantages in the msages, the iife o!" the hot filament is

often 'ehe defect of the tubes of this type, beea{ise, when strong current

oÅí ions is necessary ancl heavy arc cliseharge is made, the filament is
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Iiabie to be dama.o'e{l 'py the bombai'(.lment oÅ}i ions. The}'ei'ore- it is

desi.rable tc) eon$truet a low voltage ion souree xvitheut hot eaShode
operating at tx vre,g,gure as low ag. possi'ble.

   XVe kjRoxv, ln sonie of the (/liseharge tabe$ (3) "'hieh }mtve'p.ft,rSie,uit}r

a•rrangen]eitt olf electroces eembineC with mas.netic fiel(l, 'ijhe probabiiiSy

of' ionization is iltcureasecl `amd the cliscth,ftrg,e ea}} ge on i}i higl} vaciium

oven they are n]acle ivitl}out hot fiiarMenJL'. ?hUi-v, s xracuuxn nianon]eter(4)

is one of these types in wl}ic:h electron.g. move agitfttively betxveei} a

rin,{,.r anode an(i{ two <lisc ea•thoc.lesr} settlorl a". its. op"osite sid.es. A

sttu]y, both "diheoret•ieai an('l experinientai, oif #Iie cisehargiinsr !neehanisni

ot" this evibe gives iis a sii/..,.'.o'es+e!on to moditLy it 'f'or (toii$'tructing an

ioR souree i'or She purpog, e.

   After t'}vo years' kivestigftt'ions a tube is obt.o.kiecll iirhic}i is pren]is-

sins. to be nsed. I[t is easliy eoi}trollabie an{'l' drirabie in I"'e aBcl

mereover it can be opeyate(l xx'it•h small eoi}g.utnption oÅí" eieetric power.

2. Apparatus
   rrhe (.}onserriction is shoWi}

    '          L

        E itx.

L =igxes iu

B---ili•

[r>--/Ii;Il ,li•ge'ti

   L---dl{i
   r-"T-t• 7
      lil•,l•'T ,

       ;J,an Y.El

She <.letaiis o'f

         macrnetlC

paG Magftet

    )iv-ww-'-lj, ili)X,?g,eig6:Agai

ill--i,li,l kf;-

L.

-EvN
p-

=-•

  paLtbber gasket

C

E

        /jamig eso e:.:P

                           i                           Dra ss

    orrww iTocm. EggE} r)tcetn

         Fig. 1. Constritct.ion.

wh2eh will be described iii the foliow-

.b '  fiel{] mainly ftS the discharging
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    measuremeats
       potentiai ol' ion souree to abouk 500 volt$ ancl
      about 2eO g.aus,g, the discharge is pro{.luced when
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the dx'op ot' aiiode
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400 volts, ancl the
yield of oRSpiit ions

s!id.den}>r deerea. ses.

On the other h.ftncl,

w}}en the ]?ressere
beeomes as low as
about 6Å~10""'i ;nni-

Hg no mere ions
beeonie to be ex-
traeteCl. Und{er t'•hese
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                                              conditions the yield
                                              sharply ge#s clown if

",: i.: the anocle potential .E is inadequately rais- X ecl. The reason is o g proba bly thaS, becaiise v ot' the inad.equately cS stroll.cr electric field
                                              in eomparison with
                                              n)agnetie fielcl, the

           . Anode voltage eleetron$ emitted
 FSg• 4•' Output ion current at various m'ag.etic fields. t'rOM eathOdes by tl}e

                                              bombarclmenS of ioits
eai} reach ehe anode wi'thouC )iecesstrery procluc'tiion oÅí ioll$ by eollisiok

eo cQntinue tl}e disckarge. [I]his causes the instabili'ty ot' ion cur}'ent

by the slig,ht variation of aiiod.e :po'tentit}i. But iff t}ie rnagnetic fiel(1

be mociulated by
stiperposition of tal- 30

ternative cur'rent, the <L

stability off the ion .s ss                       zo
eun'eiit is continuecl t.-)
tbncl el]e slm2'p peakv trÅë

in the (liagram is g io
fiattenecl ag. shown in s
Y"ig. 5. The m,fi.xl- H

ll]gm eiect't}'ie po'Lvers

Conswned. are aboua,• O 5eO tOeO lsoo 2eoov
                                             Anode volta.ge
.9.0 x,v.atts f'or She dis-
                             Flg. 5. gtab21ization o'e' ion current.eharge an(l 70 xxratts '
for t}]e mas,i}etic fielcl }•e$peetively.

4. Age.alysgs e'ff kyvagzarogem goks .

   [ons /"x'om tke so.uree were analysecl by a sirr]ple mass spec*rometer.

In e}}e case of hydrogen, it xvas fo{uid that about half ofi the total

ions wex'e protons tit the be.criiming oÅí the experinient. XVhile, after

IoRg operation, tl]e .ahrmclanee of' protons inereasecl. to 60 per cenÅí or

more. Other l<inc]s oÅí iolts were seareely (.leteetecl in o"r e.xpe}'iment.

5. Diseussien on the caRal size

   Ill'or aton]ic clisint'egration expeulment, as much arf]ount of ion cur-
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rent a,s possible is requestecl. For this purpose it is naturaliy desi-
rable to have wicle ealtal. Sinee, however, t•he evaciiation througl] it

prevents the stable operation of the ion source at neeessary vaeunm
pressure, thei'e must be some restrietions to the eanal coi}cluctance Åíor

proper xxrorking of vaeuum systern. Moreover, since a fraetion of
ions passing th}'ougil the canal will be iost by absorption, recombinatioi}

or scattering, depen(;ling upon the canal size, they make themselves
the seeonc.1 iirnitations for the latter.

   Aceording to Brown (5), gaseous eonclnctaiace of a pipe of iength
l anci dlameter a is given by

                                              '               Gnv- G' )#,.z, (;3rm ,ge- i)"fST• (i)

where f is a constant concern!iig pipe wall, whieh is experimentally
deterrnhiecl by Brown as O.77. 1/l, T and sb are the universai gas
constant, absolnte tempexature ancl meleeular weight} of the gas }'es-
peeCively. I'f we assume that the pressure pi of the ion source is tlftr

larger than p2 of l}igher vac.aum side, the quanetity e of gaf passi]ig

throngh tl}e pipe per ,seeoltd is given by

                             e= Gp,. (2)
   Now, when the ion$ Åíre r"ftnin.cr., they e.xert rep'alsive foree to eaeh

otl]er a})d procluee, on the o'ther hancl, niagnetic Åíorce whieh }'esults

in the attraetion amoitg themselves(6). If the cylinck'ieal beam ot'
ioRs oÅí raclius pe eonsists off the ioRs of the same mass on ancl el]arg'e

e, .ft uni't charge on its periphei'y receives Shese forces simultaneou$ly

fi'oni every one o.f foRs anci the beam is liabie to diverge itselti. The

aspect is shown iit Fig. 6. Calcni.fttion of these fo}'ees leads to the
t"ollowing tbrmuia, which shows that the ion betxm o,fk'acltius ,oe cliverges

te tha't of" racli"s ,o a'fter ruitiiii]g the di$tanee S:

               i'i              ,tsf!ie(is,,ij,lz,, L')t -- ,tc/ttegl,i ,:,ibzfS2) /i, =seye(i3,f, ( t3 )

where i ancl r are t•he total ion eurrent ancl the veioeity of' ions, and

y and B are equal to iog (,o/eo) and z'/c, i. e. t•he ratio oÅí t' ai]cl the

velocity of the Ii.crht, respeetively.

   If it is assumed that protons pass through a eyiindrieal canal oÅí
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cong,tant eoncluetance ancl tha't wi)en t}}ey coliicle 'the etn}al wall, they

are ,cstmplJf absorbecl withoi]t acy prod.uetion of secondftry ions or any

refle.xion, the .remount off pro'tons at the outlet varies simply witl} the
radi.ius and ien.cr.th ot' t]}e canal.

   Furthermore, i'fi tl}e ioll etirre}}t of constant density per anit area

conaes to the inlet of the eanal, the amouRt oÅí' the ions is proportionaS
to its area, i. e. ,7r(t2. "l]he beam xvoulc]. diverge, i{t no ca' nat wt}11 were

tkere, to tke rad.ius a' a'1"ger run]}lng the distance Z i'ron] the ii}let, bu+.

the xy•ali a.bserbs divergen;t ioiis, xvhich are k}cJ{ic.%'becl by the sha<loweci

portion in ]i"i,tby. 6. [lrhus at the outle4ts' only t}ie i'raetion ce2/a'2 of t}}e

totai amor]nt oli the iniet ions will be obtaine(.l. In this case xve ean
replace S, ,oe Emd ,o in Ecl. (:3) by Z, a at}cl a'. Combii}ing Eqs. (1),
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(2) with tliis i'}'aet;ion,

theeRepRt ion eur}'ent

h} question ean be
calculated. Iff'o}' e.x-

ample, the output
proton• currents of
va}'ious energi'es ob-

tainecl. tl}rogg'h tl}e

c.renai ofi eonc!uetance

440cclsee in hyd.ro-
.cren gas, are shown
in Fig. 7. In this
ease the curi'eRt
dei}sity is taken as
 t-
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2CO -kA per eirele oÅí 1mm }'aclitis at the iiAet ot' the canal.

   For expevimental verificatloll$, we asecl the f"oiloNving.r three cylin-

ch'ieal c{.nals h.o.vir g the same value of the above-mentione(l eonclueÅíance.

Some oÅí the experimental }'p"sui'ts are plottecl also in Fig: 7. Ii} this

experime]at there remain tincertainties coiieerning the ni}iliorrnity ot'
inei(lerit cur'x'ent clensity, ti]e abnndanee of protons., their ener.(.ry dis-

tribiiÅíions and others. }Iowever, accorciii}}g to our 'simple .ftssump'tions,

we fincl tha-u Cl}e behavioutrs oÅí expeyimental re$uk$ aiid. the Sheoretieai

ealculatioi]$ are Nveli agreeabie '!vith eaeh other. [INt{oreover, tl)e pro-

priety of [I3"is,. '(' is more emp}}asized, if we take the n)ean eiier{ry o'f

ions loxver than the di,gehargi'ng volta.o.'.e ot' the ion souyce. "Ll]hiis the

most eff'ective size ot' tl}e eanal siiitable f"oi' about lt500 voits energy

lrjrotons is de'termined to be neariy equttl to l.2mm in i't}dius ancl
10niiT] in lensr'th.

                  TAtiBLI-." 1. {Size of three cana!s.

          i7x'o. I l(length in niin.) l (t (radius in innL) i

           il o l o.,)• 'i
       li ?•)) L......,i3•11. .. L...' Ii2..mm...-....-..11

6. Gas leak
   It is also impor'tant to l<now the best con(li".ioii of the pressure ot'

the ion ,s()uree to be o}.)era'ted pyopeyly. Af/`ter a series ot' e.xperin]eRts,

it• xvas' tleiuid t•l}at the niethQ{l ot' g,fis inlet is niost infliieiitial ui)en it

and that it is adeq"ate to appiy a ,gimple app.ar'atiis in xvhich gas ieaks

through a porcelaiii of smail ai}d cong,Cant 6oi}cluc'tsance (g) t'rom the

gas reservoir o'Åí large volume Or). A.fter tinietthe pre,gsm'e p in

this reservoir decrea.ses exponentially as '

                       p-- peexp(nv gtlY), (4)'

where 1)e is the initial pressllre. 'LI]he leaki})st quantity convertorl at

po i$ derivecl as

                       g -ww g exp(- gtlV). (o-)

   "-tV-"he experin]entai resuks .are given in [ii'i.c.r. 8. Th"s tl]e a<'leqRate

operaelng range ot' t!}e ion source is founcl to Iie be'tween SxlO""'i
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ancl 3 Å~ 10'- '3 mmHg.

The best eoi]dition to

proc.luce as intense
ioiis as possible is at

the i}eighbourhoocl of

3Å~ 10-" 'j mmKg. In

thiseasetheleakquan-

tity of hydrogen gas
is foi]nd to be about

6 celhr which is ap-
propriate foi' the eva-

cllating speecl of ordi-

Mtl' Y (]iff'!ISiOl} PUMP.

7. Conclusion
                                   '                                                            '  '   By mo(li't`ying the }?rir,eiple a. ncJ{ meeh.knism oÅí Phi!ips vacuum .crauge

tube, it has been .founcl that an ion $ource suitable for nuclear experi-

inent may be promissingiy eoiistructed. Neeessax'y improvements eon-
cerning n]agnetie field, electric ancl ma.crnetie Åíocusiiig and the device

t`or intensiti >r!ng eurrent, are now being semtJiiecl.

   In coiiciusion tl]e w}'iters xvish to express their eorc12ai thanks to

IProl's. B. Arakatsu anc]. Ik'. Kimura for their vakn, ble suggestioi]s ancl

to otlier n]embers iR otu' laboratoyy for thei}' heip,g. '1""he writers also

acknowledge thgA,ir indebteclness to the snlppoi•t ot' the Seientifle l?bese`arch

E.xpen<'liture ot' the Ministry of Educatioii.
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