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MAGNETIC MASS ANALYSIS OF A 200 keY ION BEAM
FROM A COCKCROFT AND WALTON ACCELERATOR
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lntroduction

For mast pu:rpOOe5i't is desira:ble that the :Lomsaeeelera"bed in all1
accelera1Jingtuhe aI1eall <ofthe same ikimd! amd eIl1eIlgy.rf the toru;
SlBrVleflotrfueproductiiOll1 rof neu1J:rIOII1S'by mecms 'orfD - D arnd D - T
'I1eactioTIS,1IIli00000oener:geticdeubeIioll1'Sa·re required. HOiWever, no ilOn
Siouroe -gives ,only one 'kind ,of partieles. Some i!mpuritries are itnJtrlO­
duced into the SiOUlreeby the ,gas w.hich iJSto he ionie:,ed. Deutertum
gas, im particmlar, m'ay oOll1ta'inmirno-I'quantities of H2 011'HD mole­
oules. Besi-des the preseIl1O€of H+ and D+ as 'weU a's H2 + aJrudD2 +
ions, theI"e is a fa:irly la;rge 'PrOIbclibilitylof the fmmatilOln of HD+,
H\:;D+, HD2 +, 'and D3 + 'tOIIl'Sdue to seoondary reaombinclition proces­
seG. The primary 1]0Il1Ibeam, theI"ef'Or:e,rnayoontaiJn all maeses fro!!n
one to six a. m. (tl.

Thecollision pmceSlses leadiiing to the dissooiation and rommation
'Ofmolecular io!nStake plaoe along the whole ion path, especia1ly in
the ,relaIti'vely ;Long,gmunded :part of the tUlbe,wheI"e the preslSru-e
is higher becaus;e of the ;presenee of diaphragrns limitating the iom
beam and beca'USe of the outgassilllg of the sUrfac€1Sstrlu:c:kby ions.
A oontinuoUlS diS'tribution of the .momental 'orf the pa,rtic1es strti.k.irng
the target is therefo'I1e S'UIpeI~poG,edto the momem,tum spectr:ulIn of
priJm.ary iO!nS.TO'hornbard the tacr.-getwi,th the a,tomic or mo1ecuJa;r
i-ons of the same kind ii !is necessary to 'Use a mass sepatratoT.

Experimental Armngement

The ion beam rof the 200 ikV OO'ckcroftand Wal1Jon accelerarto\l."
is pmduced im a high f.requency liomSOiUToe.The sO'uroe is fed with
deutedurn gas obtained by ellectJ:'lOlY'Slisof heavy water (99,6% D20)

in the aJbs-ence -of air [1]. After accel'erat1on the ion iheam passes
thnOU!ghla iIDaJgneticmass aIIllaJ1ys.elr,whiich de:fl1ec1lspaI1ticl,esat 32°.
The iIIlclignetic i'llIdUJctionof the eleot:rlQima-gnet can be v:wr1ed in
the range of 0.2-0.8 teslalS. The coilis of the ,electromagnet with
2 X 6000 winJdings a're f,ed from a CUlI"r,entstabiHized De pawer
supply. The sta!bility ,of the curI"ent is mare than 11)/0 fm the 100/0

variatiOJD.'Of the vo1tage of the mains. The diameteT 'Ofthe pole face::;
is 10 crn and their diistance is 4 crn. The mrugnetic linductJi:olIlBaf
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the f1eld om theaxis oi the rotatiorna1 symmetry, as a mmction of
the magnetizatiJOIIlwrrent Im is sh'Olwl!ldn Fig. 1. The radial variation

B ['rJ .

Fig. 1. B = f (Im)

B (r) of the magnetic i1nductton is p~esented in Fig. 2. 'TIhese mea­
surements were made with a fluxmeter ealihrated by means of an
i'Il/dium-an:timomJid'crystal of knOlWIlr:esponse.

Q2
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Fig. 2. B = f (r)

The dIiawilI1Jg'Ofthe ax'ial sectiiQInof the defl,ectiOOloham:b-erand
of the target is shown in Fig. 3. A vilew of the defl,ec1JiJo:nchatrIlJber
aJrlJdthe ilnag;net1s shown in Fig. 4. The ta~get is electrically iJnsu­
lated from the grounded deflection chamber and is oonnected to
the ground thT'OIugha curI'lent dndiJoatinginstrument. After palSiSing
through a circula'r diarpthI'ia'gm,ofdiameter 10 mm the ions enter the
magnetic :flielrd.The deflected beam cross-estwo further diiaphragms,
eaJch olf them heing mf di'ameter 9 mm. The.y force the beam 1Jo
stmke the target al!1JdpiI"eventit fr:om fall±ng either 'Onto the mirTor
for secondarye1ectronJs (at -150 V), ororn1Jo 'Other parls 'od' the
accelerating 1Jube.Ii thlis precautiOlI1is not taken, electrlOns emitted
from 1Jheb0rrtba:rded iSurfa!cesane oolleeted by the target, and the
positive cUJrrentmeas:ured 'omthe target instrument is smaller than
the actuaJ one.
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Fig. 3. The axial section of the de­
flection chamber and of the target.

Fig. 4. A view of the grounded part
of the accelerating tube srvowing
also the magnet, the deflection

chamber, and the target.
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On 1JhJerta'1'lgie't'the-ne 1Is a F.aJr.aJdJaycylinJder olf dJiameter
15 mm a'nd 75 mm high, with the mi'r:I"Olrf'Orsecondary e,lectro.ns
at its end. (A lateral holie in the cyllindJeral10ws the pT'Otornsfrom
th,e ass:odated D (d, p) T reaction tro I'Ie'clJchaorystal detector.) The
heavy water va.pocuris introdruced into the talI"getchamber by athin

IJD

50

35

Filg. 5. The ion current as ajunetion
oj the magnetization current or the
-magnetic induction, showing maxima

at dijjerent ion masses.

oopper tUJbeshaped like a loop of di ameter 15 mm. It is plaoed near
the target amJd. surrounds the spot of the ion beam. ThI"ough the pdn­
holes on the limer side of the loup the heavy water vapolUJrPoUJrS
from all' side's onto the foC'USof the beam '0IIlthe target. The loop is
electrically i'nsulated f,rom 'other parts of the equipment and con-
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neoted toothe gI"OIundiby a microammeter. Thi'S ilnJstrument s:bOlWSa
negative cur1ient which is a:bQlUt200/0of the pJQlsitiveC1Urrenton the
target. The measurement O'f the negativecur;rent thI'lo1Ughthe l'Oop
is ,a way of controUing the fooa:liZ'arti:onof the i'on .beam and the
localizatiion of the focus'Oll the ta1'get.

ResuIts

Fig. 5 sho'Ws ilie i'On cur:rent Ii on the targe1t as a frunction of
the magnetization current Im .. The nUJmlbeI'lSma:rked by 'aiITOiWS
denote the ealculated ma.gne1Jizrution.eurrent conesponding ta the
silIl!glecharged ians fIiOm ane tO' lSiX aJ.m. tU., acce1erated llip to 200
keVo By intI'lOducing helium into tbe source aIIl!duooeT the s'ame
working eDndit~ons of the sO'urce, less than 1°10 of helium atoms
.with twO' .elementary ,oh:arges w,as O'btalined. FOT that reason we
ineglected the ,o,courenoe ,of dQlUlblech:arged padicles in our iom.
;beam. The spectrogram shDWS thai the current. betweIeI!l the peak'S
is not ze:m. Th'iscurrent is caUiSed by mol!eC'Uilm'ionlS dissociate!d
diU:rin:gthe pawa,ge throllJgh the ,aooelerating tube. A small peak. of
the cmrI'lent is 'dbserved in the poo:i.tton where an H20+io!l1' is ex­
pected. That is nDt sha.w.n in Fig. 5.

The iIDlaJSiSspectrwn 'Of the ion be'am ]s tgi'V1e'lIlin TarblJe 1.

Table l.
The magnetie analysis af the ion beam
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Mass
and kindafH+

H+2rm+DJ56

parti'Cle

andrundandrund
IBDiDi

Di::-l
D+H+3H2D+

Magnetization

I

eur"rent
(A) . 0.570.821.001.181.321.44--

--
Ton

current(A)13.2210.05.218.8OJt41.84--
--

Percentage abundance
5.3084.22.097.550.34I

0.74

The preroenta:ge IOfIiJO'lllSin the fiJrst maximUlID which aOlNlesplonds
to PI'lQltomJs,of 200 ikJeViLS latbout 5'°/1}.It aJlisIooontaiJnls the atom!iJcdieute­
rium '~oIliSrDf100 tkteV eJ1Jengy,T1eeuJ1ilirrlJg:liI'lOmthe dirssocialtion Qf D2 +
~ons previ'QlusJy a'ccelerated up t0'200 keVo The contributiom. made
by D2 + disSlocia1JedionJStO' the 1 a. m. u. pea'k is very likely to be
small, the maiu oontribution comri.ng f.rom H+ iol!1S,in spite Df tihe
purity of the heavy Wlater msed. The fa:ct is that the re1atJive p.er­
centa,g,e nf 3 a. m. u. ions ~s alstD fairlylarge, which undoUibtedly
indicates the pl'esence of 1H ;in the fOrID of HD+ ri.'orus.The qUiestion
whel'e the hydrogen is cccr:n:ingfr.om inua the a.ccele.rating tUibrecan
only be tentatively answered: degassiJng of previ~)usly abs:olI'lbedH2
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and H20 '0IIl the wa1ls of the appara:1JuIs,water lea!kin'g in continUlO~
u:sly from the atmosphe.re, degassing of o~gp.!Il.,icoomrpounds from
rubber r'inJgs, vapour of sHicones ooming :!irom the d1ffusionpumps,
degassiJrl'g 'Of kon pieces, ...

The peroentaJge of dlfferent tons preSient iJn the beam and the
fu:tal1ion curl'lent Ulnder vaTiJotuJs'working cOIlId!itions are given in
Talbl!e II.

TaMe II.

The percentage abundance oj the' Vons in the bea.m
under. various working conditions

......•

I

accelera-:
s~~

ting

.•..e tatal ion'CIlJ.< 123456
voltage

•.•• llI
ai

eur.rent I
.:;:l ~ kV fAo

...,

o p..

S

153

60
I 0/0 I5.42

72.64.314.31.3,

2.08
92.4

178
6{)0/0 I4.H79.32.8611.60.581.56138.6

I 178
420/0 I4.8084.21.987.3'/0.381.09168.5

178
I

90 0/0 I5.3084.22.097.550.340.74249.9
198

490/0 I4.2382.2
I

2.43 9.380.481.18138.6

The Viar:1aiJiJon:m 'the acoe1Jertatmg Vlo]tagle :Drom 153 tlo 198
kV and the po;wer IOf the ,oscill:attor frCXffi 42 ,to 90 W dO' no,t oon­
sidieralbly effecl the. ,relafiV'e mass lSIp!eotruJm.They, however,inflru­
ence the tota:! ion ourrnnt. The mgher excitatiJon gives a higher
total ion cur:ren t arnd a higher aocelerating vlOltage im!p'roves the
focaUmtion, which, in tuim, giVieLS:a higher ilOn ctrnrent.

The obtained mass spectrum is simHar to the ion slPoctrum
with a lawer accelerating voltage obtaiJned by Thonemann et al. (2).

The authors wish ta e-xpress their thankis to M. Barac,M. Buzic
and S. Pacic for their techJni'calass'istance.
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MAGNETSKA ANALIZA MASA IONA NA COCKCROFT I WALTON
AKCELERATORU OD 200 kV
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Sadržaj

Kod OOC'kCl'1oft~Wa1temakoele:ra1lotra poželjno bi bilo da ubnani
iOl11ibudu M ilSte vrste. Kod neutrolnskJo'g gen.erarorn za D-D i
D-T reakciju obi'cno se koriste monoenergetski deuteroni. Deuterij,
!rojr se d:oiViod'iu iZVIo,r,sadrži ilLvj'esJtanpostotak H2 i! HDmolekIU1a.
Nalknwdni '.pTooesi osim H+ D+ H + D + i HD+ dO'VlOdedo stva-, , 2' 2
mnja H2D+, HD2+ ,i D3+ tona. Zato, da iJ;><ise hombaJIrliil"anj'e cilja
v:ršt1o jedinIovrsntmtonima, pmebno je SIlIOP U1brzanih ~emarasmviti
na poj,edi:ne k!omponente.

U tu svrhu i'2'JgI'lad'enjoena neutronskom generatoTU [1] eJ.ektr<o­
malgnet, lmjemru se magn.e1lska in!dn.1ikcijamože mii'en}a,ti od 0,2-0,8
tesla. Kut otkiona je 320. Mag;ne1Jska indukcija B polja na osi
rotadOO1.esimetrije, kao funkcij'a struje ma:gnetizacije, prikaz-ana je
na s[. 1., a radijalna ovi!Sl!lostmagnetske m~cije na sl. 2. Presjeik
komore za otklon i cilj v:iodi'se na sl. 3., a :f)otograf,ija lIm sl. 4. F'ara'­
dayev cilindar lIla cilju spr.ecava pogreške umjerenju struje pozi­
tivnih iona zbog sekundarnih elektI'lona.'Diku:z metu postavljena je
u obliku petlje savijena cjevcica promjoenl15 mm za dov,od teške
vode. Ona 'O\kružuje, spot snopa, IlIO na nju ne udara ionski snop.

Stmj'a i'ema na cilju u ov'isnOlSti o struji magnetizacije vidi' se
na sl. 5. Sa stre1icama i hI1oj!evdma 'Od 1:""-"6 oznacene su j·ediJnJice
atomske mase ilona. Na taJbeli I. pri<ka2aiIl je postotak poj1ed'ini'h
vrsta ion.a.

Bostotak pvotona i disocinanih deuterona iz D2 + joe oll.m50f0.
Ta'kodier 2'J1latanje postotak 1ona, kaji ()ld!gO'VaJraIID + i H3 + iemima.
Na tabeli II. pI"ikiazan je 'postotak iplojoedinih.Vl"S1la iona u 'funkcij':i
razUciotih radnih uvjeta akceleratora.

(Primljena 23. 1. 1960.)


