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DESIGN CONSIDERATIONS FOR
EIGH-INTENSITY NEGATIVE ION SOURCES
- Kenneth W. Ehlers

Lawrence Ra@gation ievoratory

University of California

Eerkeley, Californis

July 8, ‘196!*

ABSTRACT '

An attempt has been made to improve the outpﬁt Qf negaﬁive hydrogen.
ions, whieh/are extractedidirgcﬁly from a hot-cathode Phi;lips«ion«gauge
type of diachafge. The dischérge chagber has been modified to accord with
assump&ionm made aB to‘ﬁhe pwobable‘formation meéhaniém of the negative |
- ions obgerved. FNegative hydrogen ioﬁ currents in excess of 5 mAvhave
been obtaiﬁeda 'ion soures operating arameters, as well és consideratigns
for the utilization of this discharge geometry by negative 16n cyclotrons,

sre discussad.



w2e . - UCRL~11365

_ It has recently been shown that the dif‘ficul’c problem of ex’cmc’cing
the beam fm:m an isochroncus or secﬁcr»focusing tm of cyclotron iz
" sixplified by the accﬂe*ation of nega*civa ions.l By stripping two electmns . a
from ﬁccelemtcd negatfwe hydrogen ions by means of a thin foil loca‘ted | S P
near the fina.l radius of the pachine s the UCLA sector-focusing cyclotren ' |
has preduced an exte:mal 'beam of S50-}aV }p::'o*u:omsz.2 Under such conditions R
the magne uic field of 'i’,he cyclotmn, which constrains ’che negative ion
,while i -is accelerated, will cause the ion to deflect im the oyposite )
, airecticn, or but of thetmchine,‘ as the ‘ioniq charge 18 made positive. »
By stripping but one of the éiectrons f‘rom the negative fom, en external
‘beam of energeti_é neutral stoms can be had. Moving the stripper. foil
: cloéer o the center ofv the cycvlqtroﬁvwill result in s lower«energy neutfal
| vbeam, thus making the negative;-ion cyclo’crén, 1nv essence; & vari&ﬂe-energy
nmaching. | | ‘
.To ma.lizé {:hé attractive features of ,‘negativewion acceleration, it
: is first necessary to generate a.dequate ‘beams of the negative ions to be _
-:.'accelerated- In general, these will be bcams of hydrogen, end hydrogen
' .;soﬁop@o, wi‘i:h in‘tensities (we hopa) 1n the milliampere rather than the -
B 'v.vmicrowmpem region. I‘t is slso rcq_uired +hat this be done in 8 mannex
that does not add intolerabla complication to the machine. | _
P'"evimzs work3 bas shown thet substantial beams of n.egative iona can -
'be gen@mted by iom sources gimilar -’a‘n many respects to those already o , -

| v employed in many cyclotrons- A complication, however, is that to o‘b"cain_

-~ .
.
.,

these currents mther high ges flow mtes are req_uired. The resulting high v ‘.
i background pmsme, particularly in the immediate region of the source, o
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can in turn act as the stripping mediu: for‘tﬁé wveakly bound (0.755 ev)

electrons. Thus a good vacuum is essential if one hopes to accelerate an

appreciable percentage of the available negative ions Lo full_energy, and
any large increase in gass flow through ﬁhe source must in turn be accone
panied by sdditional vecuum-pumping capability. |

Because of the rather encouraging results of this work,3 however, an

sttempt has been made to determine if the source geometry could be sltered

g0 a8 $0 allow the géneration of sizaeble negative ion beams at reduced gas

£low rates.. In machines such as'the proposed UCLA 625-MeV : 8 cyclotron,

- where &xial injection of an 1§n beam cen be employed, considerably higher
gas flow rates can ﬁe tolerated at no exr@née %o the main system vacuuh»‘
Thus thﬁ characterisﬁics of’ source operation under .conditions such that

- the gaa fiow r&te iz not & limitation were also 1nvestigated.

‘. Previous eyrariemce has indicaccd that the methed of formaﬁlon of ¥
vthﬁ neg«tive ions obsexrved probably involves the_collision of electrons
wi?h neutral gas molecuies. The cross sections for reactions of this kind

5

" bave been measured by Schulz,” and his results are summarized in Fig. 1.

' The solid curve st less than 13.6 eV is associated with the reaction

ﬂé'+ e »vH°'+_E.

_The formation of n@gative ions indicated byvthe daahad curva with'ﬁ p&ak

at about 6.8 eV is observed when reagewﬁ-graﬁe hydrogen is introauce& wﬁtas'

‘out & liquid n;ﬁrc&en trap. I 15 interpreted as the pro&uc%ion of H from .

water vapor pmegent in the gas. I% seems unlikely that this effect could

be adequatcly am@lified by using gas mixed with vater vapor, bQC&UaG of

e
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the éxﬁrcms narrgwnsés of the energy}spactrum of éleétrsns that take rart
in the reaction. Tbe sharp peak with a meximm at 14.2 eV is attributed
to the reaction | |

H, +e -0 + E%- o

P

In 2ddition to the negative ion, this reaction results in an excited hydro-
: gen»&tom. Above 17.2 eV the electron has sufficient énergy for the pro=
duction of bothia positive and a negative ion, and this energy is thug the

threshold for the reaction
E, +e -5 + H°f+.e. -

This reacﬁion shows a rising cross aection at the highest elacﬁron -
ene"gles us ed by Schulz. %@asuraments at higher energies hy Khvoatenko
- end Dukel'ek116 show thﬁ cross sectidn is still rising linearly at §8 eV,'
the highest energy for which these measurements are aveilable. These data,
vhich are included as the a&shed‘line in Fig. 1, iﬁdicate & cross section |
in excess of 3.5 x 10720 cm2 at this point; | |

Each of the reactions discussed in, connection with Fig. 1 can cone

:  tribute to the : production, however, it is tha simultaneous Pwoduction

of B and B* sbove 17.2 oV thet vould seem by far the most important. Here |

' the cross ssction remains high @ver the ‘broad spectrum of‘@léctron enargies

4_v available in the ionrsburgeu It is perhaps more important, however, to -

- recognize that the basic unit with which each of these reactions starts :

is the hydrogcn molccule. Any of the many cchpating pmccésses‘within a

‘ discharge which results in ionization or dissociation of this basic molecular o

W WTTEIITAC SN L L NI AR« SR
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unit is aetrlm@nnal to nega*ive ion producﬁion.

it the reuct;ons degerived are important for the produetﬂon of *ha

n@g&tive ions observed, it woulé secm uhau_apecial attentlon should b@w

given to maintaining an abun&ahce of mol@cular ges in the immeﬁiate region'

of the arc where the n2 gativc ions are to be extracted. In the previously

reported work wlth hot-cathode sources

jvcha gas was fed into the arc

.fchamber near the'cathodes, and as with most ion scurces; the arc plésmar _

colwmn wes located irmedlately bmhind the ion eyit slit. * Im line with -

the above reasoninw neither cond;tion would seem 1&@&1,

Thé_attempﬁ to incorporate these conasiderations into an ion source

geometry is illustrated in Fig., 2. Gas is fed into the arc chamber

 afrectly in the regfon of the ion-extraction slit. In addition, the

plasma column has been defined £0 as to be rccesscd from the ionacxxﬁ Bliu.

' This allows the incomin ol@cular gas to cqmpletely surround the dis=~ "

charge column in the region where any negative ions formed cen be @xtracted

from the d schurge chamber.

chamter 19 '3/16 in. in diamet

recessed fromvtha metal wall

The arc-defxning hole, locateq dLTQCbly below _

| the hmatea cathode, is 3/32 in. in diamnter. The remainder of 1 he arc

er, and thus the edge of tho arc colum is

by 3/6% 4n. in thevreglon of don axtractlon.

Aside from thasevm&jor changes, the arc geometry is essentislly the same

ag that pmeviouaky descrlbed.

Among the parameters that remained unchanged

vas the filamenu. The filament, cut frcm 0. 150—1n= ﬁantalum shvet, hes a

potential emitting area that

defining column.

is more than ho1/2 t;mes the ares of the arce

.~

though ¢he filament would appear much larger fhan neéded,,a'large
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filamen* is essmnuial for arc operation at.high gas flow rates. Unéer

| “hese conditions the m&jority of the ”*lament heat is suupl ed by fon
:hombar&ment of this cathode, and the added filament mass gerves as a heat
v véink wﬁich allovs the arc to be fﬁn in a éontrqlled Ranner. o
. The water-cooled tantalum'féflecto?,cathode-is electrically inm ﬁed‘
. from thm'source strucﬁure and can be Connacﬁed.exﬁetnﬁlly to either ancde
or cafhode poteﬁtial, or electric&lly isolaﬁed 5O &3 to allow this electroﬁe
to assume its Gwn potential. ' '
Attaméts were maée o minimize gas leaks from the arc‘sfructuﬁe 820
: that.the~chambe" pressure woﬁid be largely @ function of the size of the
ion exit slit. Figure 5 shows the test source structure equipped wibh a
0.5 x 3/6%v1n- fon eyit s1i%. __ ' o

Figure h shows the ion source inotalled in oneratiqg-positio;. The

source is pictured inside thc vacuum VESEul, which is btetween the pole tipL:
of en 18 x 36-in. magnet. It is operatad in a wmass snect“ometer arranges f
. ment with the extractor electrode at ground potential and the source |
) structure biaged negauively in ordcr to. extract the iona. With these
polarities, & aizable electron current is also removed frem the plagms in
the slit region. These eléctroné migfate'iﬁ sﬁall trccho;ds_&;oﬁg eqﬁi¥
pot ntial lines normal to the magnatic field. ﬁhlesa these electrons afe'b..
interceyﬁ@ﬁ, ﬁhey will mak@ thelir way to the highpvoltasa insulator on |
which the source s'cructure is suppor’cec’i thc-:re'c/y cavsing breakdmm ‘I’hey
‘are yemoved by ;moviding a ccmponent of alectric £ield in jine wiﬁh tng mag.
'netlc field, This electric component, prov1aed by a csrbon block (F in

Fig. 2), causes these electrons to be dumped‘inté the water-cooled copper '
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cup shown in F:I.e;. h-. As theﬁe electrons ar'n. dumpc-d at full ion extraction
ﬁomn‘cid, 'tug cup was designad ‘to dissipate several kilowatts of pover.
This eliminated the gas bursts cauged by locel heating, ond the source .
could be opemtéﬁ con'(cinuéusly for long periocds of time with no great dif- |
Ticulty, even a;’c the highervsya"cem pressures. .. |
wo ion-besmemonitoring Faradsy cups were used. One was located at
“the 180-deg focal plane of the smcbrcmﬂter a.nd w23 used for naBs zma.l;fais.
| This cup was movable, ils position being deteminea by & lead screw which K
could ba chrol‘Led fram om;side ’chechumn syé’oem. The other cup, which
could be positionsd closer %o the extractor electrode, was used when higber
magnetic Tield operation would not allow the ex‘tmc’ced {ons to reach to the
minimum position of the enslysis Fe.ra.ﬁay cup. The size of this cup was
such as to allow changes in ion Larmor radivs without the necessity of v
changing eup pcsition. i‘his cup could e e raised out of the bean, thus
alloving the don beam to be read by the Sroveling Faraday cup. . In thet
both cups operate within the magnetic i‘ield no difficuliy . with secenaazym
.electrqn effects was encountered. Paraday cup bias, thovgh available, was |
not necessary to ;S‘bta‘in raiiable readings, -and both cups repeatedly c;:,ve
ic’ienﬁic‘a.l ien-currént' réaﬂingé. These Fwaﬁay cups ara bo h ghown in
Fig L. | .
| Vocuum was provided by @ lkair;, oil difi‘ﬁs:ion pm. The gystem was.
equippad with single 80 °r m@chzmical:}y rﬂfrige*‘ated baffla, .es' ting
- dnan effec*tim puxrp,.ng J'vaed for hydrogen of arproximately 5000 lﬁcrfa/ BeC

-7

'T‘he base pmsma of chﬁ system during thage operations was 2 x 10 by 8z .

Initial opam lon was wiuh dau'tcrim ga.s 5O uhat the parfomnce of
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the medified are geometry (Fig 2) could be compared with the p*ev1ously
raported_uata.s It vasz immediately apparent that the qutputvof the modio
.fied'scurce,undér sinilar operating coﬁaitions;.had fmproved. - Thé:diodevr
.and PIGatytm ﬁefhods of source oparation were compaired and the reéulfs
for en@ gas flow rate are shown in 1 Fig.‘s. | _ o
In the diocde type of cperation, the lower electrode (® in Fig 2) is »
- returned to ancde pocential, Flactrons from. the cathode thus m;ke only
va sin"le;transiﬁ through the arc chamber tefore striking this lower elactrodgo
The electrons are tnercfore not ef“iciently used, and a higher'arc éurrent
is required. In ﬁhfs style of Oﬂeration, the arc voltage is quite criticul,
withba.definiue gmﬁk occurring for the gas flcw rate shown in Fig 5 at | , 'f
about 100 volts. | The moaifications improve the diode style of operation S
ty about a factor of tvo. L . N
'_ In the Phillps icn gavge type of operation (PIG), where the lcwer_j
'cathoée becomes an electron reflector hy baing coﬁnected to the same pOuen-.
' tial as th@ upper cathoda the conparative improvement is greater. Where
a peak negatlve ion current of 0.2 mk was previously available at 1 A of
varc current; now an output of nearly l mA is available, -or 1mnrovemon% by
v:a'factor of 5. It is Anteresting to note that the ion cu;rent decreases,
blfin thisbstyle of operation, ot Qpe‘ﬁigﬁer arc currents. If the electron
.fdensity, for'ajgiven gas density; becomes too high, the compéting procesées
V vhich reduce the molscular gas cqntént can increase owing to m;itiple “.
‘collisions. The result is an increage in dissociation an&_ioniéétiOn.:
,Thia Process wnuldlnot te detrimental forvpositive ion production, gnd

Tor a source designed to produce protons & similar falle-off with increasing'
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‘are current would not be expected.
| With the erc recessed from the fon exit slit, a higher arc cum’ém‘: ‘ |
. ean be tolerated before these cvémpeting Processes beceme do:ninaﬁte | |
The diode type of‘eyeratibﬁ, theugh effective for producing high
vﬁega’ci‘vei@n _cments, vrequires a high arc,‘mzrrerrﬁ- As the electrons
make & sin@.e uransit ’chz\ﬁvgh the gas, thelr energy must be optimized in :

' the vegfon of the ion exit slit. In meeting that requirement in this

| .geometry, the electrons ere left with considerable energy when they strike

the lovwer electrode, end thé cooli'ng of this clectrode becomes Aifficuls. '_ -

In these tests 1t was not uncommon to melt the lower tantelum electrode

ab tne arc currents required to maximize the negative ion output. Eecause

of this @ifficulty, work concentreted on the usc of the more ef:ficient

. PIG style of 'opera.fbioﬁ,_ with the _lowe:r. electrode serving es an electron
reflector. 7 ' o t

Operation with hydrogen showed the H outpuwt to be 2s high as the D~

i

current. The : cutput of the source st a mumber of arc currents and gee '\

flew rates is shown in Fig. 6. It can be seen that the optimum ere cur-

remt is & function of the gas flow rate. As the gas flow rate ie increased

" the o'ptimim arc cu;’re:nt elso increéaces; and et the higher gas »flcvvr.a*cés

. .fhis optimm has not ‘neen'ﬁ}.ny'.atte.lined. ‘The op‘timiizzi arc voltage also

: increaaes vith ges ﬂm»f fate. At lower gas flow ra‘tes an arc voltage of
=250 v iz Ibeat. At the higher ges fLow tht: shmm, an are voltage of )50 v
. is require&. Icns bcnbarding the hcs.ted filament at ‘chis @ner@r pa'ovide

. aomi&emble fil&mcnt beat s anﬁ it is e.'a: this point thet the use.of & La,r?e
Tilawent 'oecomc.s important. ,

- The me.ximm cumnt o‘n’ce ihed et gach of ﬁhe varioua gas flow wm‘:es
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- in Fig. _6 is reploﬁted in Fig; 7 élong térith fhe vacuwm gysten pressme
It is wather imteresting %o note that the points fell on a line with &

. 8lopa imi:?.ce:&:.4 ng tb,s.i: the negative ien cment availﬂble ia dirﬂc uly pro~

N pertiom.l %o uhe gas  Zlow rate. From the slcpc of this curve ome could

expect to determine the magnitude of gas flow :ates that 'wculd 'be requim_&’»f-

. %o obtain hié;her n@ga’tiire ion currents ithan the 53 mA obtained with &

rate of about 30 cc/mm (STP). A% this gas flow rate the test system |

pressure wae 6 x 2.(_)"5 pm Hg, end nearing the pressure st which high-voltage E

sparking would becomas intblem’blé;v In a&&ition, eifhér ev,via'.rgex?' £ilsment ”

or addiéional fiisment cooling capacity would be requiﬁéed- At ﬁhis point

the £iloment power b ..adv'be en reduced nee.rly to zero in orxder *to mintain

the required arc mtm-ﬁ.ia.l. o | |
The ion beam o'ut‘mts shown in Figs. 6 exd 7 were emission 1im1ted, _

Although the arc vas operated with an extraction potential cf 12.5 kV,

the arc was escemtially emission limited et sbout 8 kV, and mo additional

jon current was extracted as the voitabé vas incz"eas@vd 'beyénd that pcin%.. :

With the ou{:put teing emission limi'ted, ong could expact tre size of the

extraction s1it to b2 an mportant m.rameter. Dccreasing the slit size

- should rduce the ion output availe.ble accordingly--hcrmver, this &ecrease

_b in the slit area also increases the are chamber pressure a:t_ a gﬁrez_: s

| flow m:i:ve.‘ ffhis in turn shouvld mmssu.‘.l*?; ‘in anf’increésé in the mnnber'off :

megative lons availeble. ‘To chock the vefféct of s:_;it size on lon output,

~ the are sl Iength vas réduced_from 1/2 in. %o 1/1;15,,; these résuiés

R are alsov plotted in Pig. 7. The 504 decrease in s1it area msul'ted in v

bew cuﬁem’, that averaged 65% of that mvioﬁsw available,.‘ The resultant

_increase in ion current density indicates a higher arc pressure for a givven '
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gé,s flow rata. - " 7 _
In an attempt 10 ovtain & higher total ion cwnt ; the length of

the fon exit slit was incressed to 3/4 4in. Ths lon currents obtained axe

not i:lottad in Fig. T, but be points obtained were only slightly highcr

than the ion oubtputs from the 1/h x )/61+ain. Slite In this case the loss

 '°‘ ions by the Tressure reduction ig proporiuonate.xy larger than the ions

. gained thxbugh the imeresse in extraction area. The originsl slit geometxy

thus seems to provide the best compromise for the geometry tested.
Electron drains, which closely epproximate & space-charge-limited

condition, were airecﬁly'proportiomlto_s}.it area. With the lomgest

.ext:éaction 81it, in fact, the increased electron draln was effective in

'promoting premature high-volbage bf@akdmm at ‘chg higher gas flow rates.
Operation of this msic design as 8 soui'c@ of nega’cim ions .’i;nsida_

a cyclotron would require that it operate effic.ien‘cly in 'cne Presence 01:'"

high magn@tic field ihtenéities. . To .de-’temine the effect of high megnetic

fields on the beam properties in the ‘Eest spectrometer arvangexent is dife ‘_

Licwlt, however. As the magnetic field is incressed, the Laxmor xadius of .

the extmctéd ion aécreasas 80 that for the levels of extraction ps%en"c.ié.l

 that can be mintain@d,_b@am monitoring is impossible. Aside from bes.x_ﬁ '

mmitéring PR 1) difficulty in soz:grce operation was experienced with mage

’ netic fields as high aa 20 kG. Peam characteristics for tm moni’coring :

 geometry (pm‘tmd in Fig. 4) at seversl magne’cic zield levels are gaho*m

in Fig, 8. ‘As ths magnetic f’ield is 1ncres.zscﬁ,. more volta,ge is mquim&

‘for the beam to mach c,he beb.m«momtoring F&mﬁay cup.k Tha beam cum‘em: s

homver, maches the point oi‘ emission limjmtion with no change in
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’ ‘intensity‘ Bﬂam currents vere monitored in m.gnetic fields as high a.s

9 kG and no large decrease in ion current was observed, ' v
o Elecuron dmina as shmrn in rig. 8 decrease with inc*easing m.mtic |
field. n@_cessmg the arc cehmm from the icn exi% slit grea:tly reduces |
the electyon drain. For emmple R under coﬁxpara‘ble eonditions of ma.gnetic' -.
field snd extrection po»en“cie,l, mcessing the arc column reduced the |

- electron drein from 200 =A to ,0 mA, nearly s factor of 7.

Additional ﬁ:ork, using dsuterivam in fields as high as 10 kG, indicated

there was samg decreasze in iom ocutput with increasiﬁg magnetic fiela. As
the meigixetic field vas incma:sed; extraction potentialav in excess of those
calculated were regquired to ovtain the full emission-limited icn output. -
As the megnetic field is incréaéeé, the arc plasma column can ve more cone
s‘tric»ed with less diffusion of the pla.sma normml to the field. .;‘.nus ‘: |

- higher extraction pouezﬁ'ialo may be needed to provide sufficient elec*cric
gradient at the effective pla.sma surfece to remove the ions. It is posslble
that fbr operation at high. magnetic field. iévels léss physic&l mces_amn

of the arc colum than the 5/6h in. used here would be requi*ed. : In this
studh U:" 8 namater ramaimd unchanged. - | |

Mamy cyclouron ion sources use a floa‘ting mﬂector cathode (B of

Fig- 2). During these tesus, this electrode » Which was normd.ly connected

| 'elec'i;rica,lly‘ to the hea;ted' éathode s Was allorw'ed to f’loat- In ea.ch case -
- there was 8 noticeable decrease in negative ion crutput The ampli’cude
of this decrease varied scmewhat with arc conditionsg, but in general ranged
from 20 to 30%.

For cyclotrons vri%h the usual intermally located ion source, the o
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- maximuz negative iom current that can be made available for acceleration
‘will be s function of tm pumping speed of the vacuum systesne ‘fn» general,

- the gas flow rate ¢hat can be accommodated bfe“e icn lozs by z\:,maual gas

ucmmmm oeccm@a excessive will 1imit this cx,mnt ‘so szmll fractions of

“a milliampema Should the ion source be ex‘yomlly 1oca'tczd, hcwra\rar, 80
' tba:i, differential pumping can be employed, this limitation cen be removed

-'amd the full output of‘ the source can bs made available.

Tona have b@en injected axislly 'chrcugh the center of ﬁhe magnet of

the Univeroiﬁy of Bimim;har 8 radia.l»:mage c;rc].Oa,x‘<m»7 K similar method

v is illustrated in Fig. 9, in wnich the besm enters the machine through 8 -

hole in the magnet: end is deflected into the dee aperture by means of an '

electrostatic beam deflector. The lon source, which utilizes a sepa,rat@

'm”@neu a.nd vacuum sysbtem, s opersted in the manner successfuily e‘np,c.oyt:d

. . < 8 . .
in the in,zec;or_ of the Barkeley heavy-ion accelerator. Here the comferge

| ing ion beam enters the axlal beam tube after traveling approx 110 Geg in

the source magnebs

Pecause the beam emexges from & slit and is {then subjected to a

foecusing force normal to but not in Line with the source megnetic field,

‘some sstigmatic comction is mquired._ In theb'dieﬁm (Fig. 9) this cor~

r@ctmn for. agti@mulmn is ;grovicled by the box~type lens.

The mrgesu a@ﬁamn\. to eusy b'\am cm'urol ls vsml‘y tlm smc&«ch&m&

{or Cm.lﬂm‘o) repelling forces within the icm bvam J.tself.« In 'the negat tive
“don ba:».mo obsﬂwca in t‘ﬂ.m uon«:, these forces soem em.mmcly wca.k and wimald

| present :L_L't tle di:f‘ficul y in bteam conurol.

Figure _3.0. is & time exposure of the light crested by & 3-mA beam of
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negative hydrcgen ions ag they ezizerge from the ion source asnd are deflected
by the magnetic field. As cen be seen, the beam effectively preserves ‘its
ribbon-like characteristic as 1t is bemt through 180 deg. -
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‘Pig. 2

‘Fig. 3

© Fig. 5
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FIGURE CAPTIONS
H"'cross seétion as &a funétion of electron energy. . At data

from reference 6.

" Crosgesectional drawing of the modified ion source geometry.

A: heated filament -

B: cold reflector cathode

 0: water-cooled squirt tubesv

D: gas feed line
E: don exit slit

F: trochoidal electron dump block

G: ion~extracting electrodé

H: arc-defining hole..

Negative ion source‘assembly.

Ién source in operating position. '
A:"ion«eﬁtfacting electrode

B .watervcooled electron fecei%er

C: <traveling Faraday cup

D: test Faraday cup.
| Increased negative ion current as a result of modificaczon of

arc geometry. Original geobetry~ e - diode, A - PIG type

modified geometry: o - diode, V « modifled. _
Bean current of H ions obtained from the PIG—type discaarge
with changing arc current and gas flow rate. Extraction potential,

12.5 kV; magnetic field, 3.5 kG.
. i



‘ Fig. T

Fig. 8

Fig. 9

7 V'Figa 10

nelly located ion source.

3.mh B besm in mass spectrometer. System pressure, b x 107

R NCE UCRL-11365

Rel&tigﬁ fetween'negative ion currentroutput and . systen preésur@
as a function of gas flow rate. s syétem pressure; O: ion cur-
rent,rlarger s1it; o: iom current, smsller slié‘

Electron drain énd ion output &é funetions of magﬁatic fiela;

Axisl injection of negative ions into cyclotron from an exter-
5

mm Fz.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, 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 information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the usé of any infor-
mation, 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 Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








