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TIRGDUCTYON
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G2 the basis of a charged liguid dvop model,” one would expect nuclei with
very lergs 2°/A to wndergo fisslon into three or move frogrents. TFigure 1, talen

o . N 1 v A ' : g
from Swlateckil'’s porer,” shows the differsnce in enerpy between e sphevical dyop

-

. ' . Ee) .
ond two, three, snd four widely separated fragucnte as a function of Z°/A. On this

’.

model ternary fission of both U end Cf are encrgetleally faverable.

Fisgion into twu heovy frognents and & long-range Ge-particle ls well estobe

lished, A muber of atteupis hoave been umade to detect fission of a heavy elarent

. - 2 .
into three or more fraguents of camparable mass. Roser and Hudson, using triple

P
el
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coincidence coumbers, meesured o Lernary/binory ratic of ~7i30 - for thermal

4235
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, ¥here only fragments of pasy greater thon ~40 vere counted. .
Bocause of exmperdmental difficuliles, this rosult wes never conflvmed by othor

Moyrss ol 3, y . P o PEDE
workerg. Muge eb al.” scanned ~180,000 cpontoncous fisslons from CF lcaded in
a puclear emulsion and fomcljv?ii hoving three prongs of roughly equal length. An
eliternative interpretation for threc-proaged tracks vhich wos difficult to rule out
wag thot binory £ission ocourred with one frogment then scatlering from o Ag or &r

puclous in the amdsion.

g o

(uelitetive arguments by Swistecki (privote commmication), using the llguid

drop enalogy, supgest that the prababil:l‘*y of terncry flesion should increasc repidly

as ZQ/A incréases above the value ot which it first becoucs detectable. We have pro-

Jurs . o - . . . 2 -
duced two sets of compoumd nuclei, A + Pb and A + U, both wizh Z°/A conpiderably

have made o seorch for ternory ficsion, euploying a

kil
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larger then ot of €057 s and
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new detecltor which regisgtors fission fyogacut trachs but not tracks of high encrgy

A ilouns. Eyperiments are alsc underay; using this detector, to look for threc-wny

ey G A 250 ; .
spiits in the spontancoug fisslon of Cf ° « In thils poper we Gescribe the eperi-

mentel procedures and the obsewvations of two- and thyxes~pronged eveants. We thon

consider various poossible explanations for three-pronged tracks and conclude thot

Gernary fiscion fg the only process we hove thought ¢f that can ocour with obsorvable
freguency in the case of A on Pb. -

EXVERTMENDAYL FROCELURE

£ “

Certain trancpersnt non-conducting solids, such a3 mico end verious glosses,

will rogleter tracks of heavy particles such as fissicn fyegrents but will not

register tracks of light lons. The trecks are ecbually trails of redlation-
demoged material which can be “doveloped" to opbically visible size by a proferential

chemical etching technique.  The chemical reagent dissclves the material along the

-

path of & heovy perticle, provided its trajectory intersects o free surface of tle

track-registering solid.

Bomberdusnts of these polld detectors with verlous partlcles hoving various .
cnergies hove esteblished that there exlst critical rates of energy loss for track

registration in the verious scliclsf Vislble tracks ave made only by lons whose

In & gesych for ternary

izsion, we have exploited the discriminabing abilily

of these Getectors. Samples of mica and glasst were lotded with heavy elemeats and

bombarded with bih MoV argon iong from the Berkeley Heavy Ion Accelervator. frpgon

iong of this energy are below the threshold. Thvee sets of experiments were done
to try oubt vericus wayes of putting heavy cleuente into the detectors:
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(1) gyathetic mica ¢ auwiaﬂdﬁ ~1 otom per con’ of' digpersed unifornly ﬁhyough-
out ite volume wes cotained from the U. S. Burcau of %iness
(2) A £iln of 'ohospﬁaﬁé glass was blo*.ﬂ::. fzom & melt containing ~1 aton 'chn‘t U,
{(3) A sendwich of mica - U - mica wes prepaved by portielly cleaving 2 8lab of
natwral nica, inserting ~10 ml of & sclution containing 300 mg/ul of U, and allow-
ing the partially cleaved lagers to close. |

These samples were exposed at an uﬂ?i@ of-36° to 1Oll/cr2 b1k ¥MeV A dons,

etehed in hydrofluvoric acid to prouuce tracks, and scanned at S500x by irwnsmi cﬂé

~

252

©In ad 4ﬁion, a sandwich of mica - C2 - mice was prepoared in the came woy

fron a conceztrated solution of Cfﬁlﬁ. This sox Q@Wich wage left overnight,; then etched

' , 258
and seanned for spontaneous Lilssion trecks from CF =,

RESULT3

Toble I sumarizes our obﬁe:vétions of “°o~rronged end thyree-pronged events
in the vario detecﬁowﬂ ana includes the obs cvvatio“s of previcus workers for pur-
poses of comparieon,

figure 3 shows unreﬁouc&ed mi¢rographs of two- and three«prongé& troceks in
irrodisted Pb-mice, Only a portion of each evenﬁ is in focus. The érgon_beam enters
the surface from the right. The sﬁraighé tracke perallel ©o the bema TEPresent 5oue
kind of contamination present in the bemm. The ergon lon tracks ere invisible ond
are abaﬁt 20,000 times es. frequent as the viéible tracks,

A ‘total of 11 three-proaged tra $idz 'as seen in Po-mica and thelr angles

meagured, OF these, two were eliminated Li- stilc grounds as being possibly due
to seabicring, leaving 9 trocks wh ichfajzc to mex resent chulue uc$a1fy gsiong

1850 two-pronged tracks vere counted aﬁu LOLu 603 vswaibht racxs-&t e large angle

o the beam direction were obsexrved., BSone of these may VOﬁTGGORC Liﬁ j f¢uszonc

which were initiated so close to the surface that only one truck could be geen. It



couse the etchant px'oducea' cone-shaped tracks rotisr thon eyclindrical trachs. The

wlp

rhbl@ i,
Tuclous ZQ/A . ‘Binery Ternary Binory/Ternary .  Method
«e—uzf‘s B8 e __ - 14206 x10°  Ref 2
2 38.2 - ~120,000 <B >10* . Ref 3
@ sg2 . 3200 0 3% 10° wien
’ L ' , : n sandwich
AP ko 1860 9 ~2 X 10° gynthetic
oAU s 0 Coou s . Ugass
Caw 435 . o P C miea
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18 also expected that a fow pereem‘: of the binary £iosion events vere missed because

neithey fra@nﬁm ﬁn'cersected & surface of‘ the mica, - fo ' ik

\

In Usloaded glmss the tmjectoriee of fission fra@nents ere pooxrly knowm be-

3

- 11 three-pronged events ¢ould not, therefore, be subjected. to an accurate engular

analysis. E They vepresent an upb@r' 1iuit o the number of ternayy fissions .

-

Our failure to see eay f;hreé-pmn@;ed events in the mica-U sandwich suggests. £

that some or all of the events in the U glass may not have been ternary fiosions.

- The san&w:tch technique appeara to e mos‘i. reliable tm& ﬁwi,her exposures ere bemg
" made to improve the statistics.

Observations of spontencous Pission tracks in the nﬁcg-Cf sandwich eve in
the early steges end will serve %o provide a‘che{:k. on the argon ion results, This
technique has two adventages over the loaded emulsion technique: (1) Scattering of
heavy payrticles is greatly mduced over scattering in emuleion because of the much
snaller evercge _ai;omic number of atoms in the mica thon Ag and P atoms. (2) The
origﬁn of each fiésion event 1s defined by e sﬁort gaﬁ ~lt long in .ea.ch trach ro-

sulting from the £inite séparation of the two holves of the mica sandwich. OF gbout

3200 tracks scanned, only four were forked 63 & vosult of geattering by an ion. in



the w Lica eufficienﬁiy hea.vy ‘t:o register a8 track. ‘I’hese *?orka vere all ne‘treral

micronu avay from the origins of the ﬁsaion eventa.

' DISCUSSION
We now eonaidor va:rious possible esources of the wro-‘and three-pronged even’cs »
:eeswiculng the discussion to A + Pb, for which most data have been ob‘tained. The
veloefcy of the eompound nucleus 18 high enough 80 that bim.ry Pission "cmcka h'c;uld" a

bave a V-ubme& ampeamnce. Trom the obsorved density of V-sghaped ﬁracka, we ca.lcul»
-

o ave a ‘cross-section of ~3 X 10 em » Waich strongly suggzests Chat they arise from

© binary ﬁssion.v The included angles end oz‘:ien{:atione of several V-tracks have been
mea.gurecl. All of these eveuta 11@ in plancs eon‘caining the incident beam and ell
buu cme have ’wca proper a.nbles 4:.0 be cauae& by f:msion of & compound nucleus into
cwo couel fra@ments. o | ' ‘

In coneidering the three-pronged events » on:u the anglos of *Lhe tmcha az'e
‘reliaole. %e 'craek 1engbhs provide only 1ovcr 1:1mits 78] f‘"a@nent renges s beco.use
the e‘tCh:’mg does not always extand %o 'che end of the rangem o o

' IS.’ a ‘binary f‘x'a@nent i3 scattc:«red off & heavy atom in {.he mica, bo-th
frment a.nd *‘che a*i:z'uck atom may leaVeatrach. In order to be mis’ca.kcn for a B
‘ternary f;msion, this evem‘. must take place within ~0.5 to e of the vertex of the |

_t"V“ | In none of the 3200 epoatamoue fission tracks of Cf 202 tra.e a m{;;mcn*t '

' vv..;ca*’o’cere& cloaer than ~ ~3p fmm the fissioninn nucleus ’ and in none of ’che 1800

: %:“-»i.mcks v?&ﬂ a forlk obse”ved along either erm of the V. The observed ratio of 1 : }
‘chree-pron zed evenﬁ for every 200 bina.wy fiseions is too high for the three-pmngod
even%a *E:o n&ve been caused by sca.ttering ofa~ binary fission fraguent. _

Bine.?y fission ca.n be p*o&uco& b,,r an @ transfer procecs., However, -the "
ece‘t’cered paz"t of the progocﬁ.ile would not lose enough energy ‘%.o ma%;e a visible
'track until it ha& tmveled scme ala‘ca:ace ”rom 'che fis ion 9 az:ci e three-prongea

_evem wom& nm; be see.x. '
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" A'heavy backg;‘-ound'psr’ciele might acétter from é.vhes.w eons-‘é,ituenﬁ of the

mica a;a& leave & three-pronged event". A scatiering event of thia‘tyz_:e mﬁst be ‘ctoplanar
1n order to conserve momentwn. For seven of the threespronged eventa, the angle
betueen one of the tracks and the plene of the other two wes lerger than the error
in tha measurenont of t‘hiw‘ axiglev.». Puo other t&‘eg;pmnge& events \'-:o.re. necrly
c:o;_slem& bub éou.‘m not be o scattéring R ﬁecaus@ all three prong-s x«fére Wwithin a:a".
angle of less than 180° S | | A o '

Events ‘cb.a‘t a.ppear to have 3 pz'on.gs might be produced by the supcrnosi‘cion
_ of *tne end of a bachmund track on the ver‘i,e:s of a binary fission. Since none of
—:che ’cracl:s in the three-pronged events observed is parallel %o the been s only baéi;—
ground tmcks that are not pa.rallel to the beam necd be considered. Background
’pracm no'h para.nel to the beam can be pro&ucea. by recoil rarticles from the collision
__ of the higa energy argon ions with heavy constituents of the mlcea,. ”he ik mv
‘aygon ions cammot lose encugh energy in a scattoring collision to become detect?,ble‘
The mmber of beckground “cracks obsemred that are not parallel to the beam is low
% cenough 80 tha’c ‘che probabili’cy of one being superimpoeed on & bﬁna;y fi sion is much
 less then the cbserved frequency of thres-pronged events, o -

‘l’he possibili‘ty that i':m of the cracka in the *bhree-pronged events could bo
vxrme by a binazw fi.asion can be ruled out in mos‘c; cases by reguiring conuem‘ation ‘
of momentum in the b:mary fission. iIn bim.zw £ission both fragmente canmot come o:i’" |
on the same side of tne bean tra,jec’aory and the minimm eng.e 'be*«mcn binagy fiuS.&.Oﬁ
irag;nen‘”cs ies 15 v » ,

Superposi ion of‘ & agingle track on sme other type of event such as & scai:ter-» :
ing of a detectable payrticle t«rould be even less probable. | _ |
| We thus conclude 'tha“atemary £ission of en excited A + Pb compound nucleus
ocours with @ higher frequency then has been veported previously fé:é other nuclel,
. Ve expéc'i that heavier compound nuclei ;ﬁhd&id;'fisg;on into three frogments even more
:f‘requeh"aly and we are proeseatly ea*nplc;ying the sénd{wj;f:g‘,_ﬁéchnigue ﬁi‘t}; _{:raniu_zn and

- 1

plutonium,
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" FIGURE CAPTIONS

Fig. 1. The energy released in the division of a dwop in‘co n equal pexts.

Fig. 2, Critical rotes of energy loss, dB/dx, for track registration in verious
g0lid detectors. The threshold for Lexsn 18 still uncertain and moy be
_somewhat lower then indicated.

. Pige 3 Events which are beiieve& Lo _repi*esen*c ‘béz'na:mr and binary fission of
A + Pb campound nuclei in & gynthetic mica containing ~1% Pb. The straight .
| tracks define the dlrectlon of the incident beam. About 10°ergon ions.
have passed through each of the fields of view. IV
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