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P. B. Pl~ice, R. 1. Flcischm', o.n1 R. ~1. \io..JJ~c:r 

C€ne:rul :S'lec-tric Research l'.p.boro.tocy 

Lutn.,eneo RQ.dio.tion illbo:i."l.:ttocy 
Univornity of Califol~ia 

t:crl~cley, Co.lifol'>llia 

!IifillOIJfJCi'!OH 

0'.1 ~t.Jb.G bc.oiB of a ch<:ll"$0d. liquid d:rop model, 
1 

one tt.)uld O;x::?CCt nuclei "W"lth 

vo:.(J lm.·ee zr2jf;,. to unc'lergo fiGs ion into ·tru>ce or more f'rasr:-;:mta. L'i~e 1, ·(:;cl~n 

fl"om ~1'~-Yiatocl..:i v a pc_pel'" ,.
1 shovre3 tm cliffe:r.;;:nce in energy ooti-YOOn e sphcr•ical d:i:·op 

On thio 

lisb.cd. A number of attcrap·ts have been. raade to detect fissio:'l of a he::rv-.1 clGi:I!Cnt. 

into JGln.""ec or more :f'.cv,z;;Kmts of comp::1X'able 1·nass • Rosen o.:nd Hnc'kion, 
2 

using triple 
t:: 

coincidence co"U..<"lt;c:i:>s, i1l.co..sured. o. tcn1ru.~yjbinm7 ra:C;io of ~7±3>cl0 -o fm.~ thcl""mCl 

nucleus i11 the Cl:uJ.sion. 

e ~ 
Er3 Z /A increases above ·Glw value o.t. tYhicb. it first becci:rrcs detectable. He ha:-vc p:;.~o-

du.coCl tiro sets of ccrapound nuclei.; A + Pb end A + U .11 botl1 \vii;. h z2 
/A cm'loid.c:r.ubly 

~)~ 
tt.:B..n ·ljh.:;.t Of Cfc:. ~p an{]. h:wo liJD.cle a SCQ.l•ch for ton1c..:;.->y fiOs:l.on.? GL.lplo;y'i.r...c; U 

,, 
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op1:!:ts in the srJOntS!lJ.Oo~..UJ fission of Cf~5:2. In this lJO..pex· -;;qc; dE.wcrire . ·the e:.;:pcri-

i'l"oq_u.ency 1n the case of A on Pb. · 

Cerc·;;;c:tu trm.1opaJ.--en~c non ... conduct,ing solido )1 such as mica e:..nd ·vm"Joua gla-3ses, 
.. 

t·ril1 zocg:lstcr traelro of' heaV"J p2..l"'ticlcs such as fisGion fre.sucnts but ~dll no-'t; 

. register trac1-z.s of light iov..s •
1
l·p5 The tre.clro. oxe e.ctually "lil."B..ils of radiation-

dcliiQ..:;ecl ma:l:icrie.l vlhich csm be 11dG".reloped11 to optically visible si.zc by a preferential 
,r 

CliBD:dcal etching ·cech.'fl=i:Clue. 0 
The coonical reagent diasolveo the mo:re.rial along the 

energies ru:.ve er:rW.blished that "lih~::re e;;dc"~> cri·i:iical ratea or m:.ergy loss ·for tra-Ck 

:rc~is·tl~~vion in ·che various solicls. 7 Visible ·i;l"'O,Cks a-re XP.eiJ..e only 1:r:J ions "tJhose 

of these d£tcctors. Scr:1plcs of miGO. and glass t·rc:re J.oc.c.le-1 'irith heavy- elements and 
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(2) A fil:m. of phosphate glass t·ro.s blmm :?z<om a melt conta..i.>''1ine ""1 a"Co;u pc:;; .. ccnt u. 

(3) A san.di.-r:tch of m.i9a. .. U - :mica 1-~s :prepared by :r>D.:i. .. "l:.ic.lly cleav-'.1..ng a slab of 

natura.l mica, 1n.sert;ing -10-3 ml of a solut;ion contaJ.ning 300 rng/ral of U; a"ld allot?-

ing the pm.,...ciaJ.ly clen.vcd myers to close. 

light. 

' from a concentrated solution of CfCL. 
) 

This sa.<'ld-vrich vias left overnight, ·~hen ~r·~cb.ed. 

252 and. scaru~ed for sporrtaneous fission tracks from Cf " 

REstJtTS 

Table ! s~izes our obser-vations of ttvo-:p:ronaed and three-pronged events 

i11 too various d.etectol"'S e.:nd il'1Cludes the obcervatim'ls of' previous i-7orkers for pl.l.T ... 

:trro.dio.ted Pb-mica. Only a portion of each event is in focus • The a;L•gon beam enters 

kil::d of con'bamina.ti.on present in tho be2in. The ar(;on ion tracks ·are invisible c.nd. 

are about 20,000 t~aes as frequent S8 the visible tracks. 

A total of 11 three-p:ron&ed tr ... ..J.clro ti'UD . seen in P'o-mica and their &!.!Gles 

measm"e<L Of these j tv7o '{·7ere climi..'J.ateo. on kil1emn~~ic g:;:ounds as being possibly due 

,: . . 

. . 

\'lhich 'i·7Cl'e initiated so close t.o thc sm~face that only one t:rack could. be seena --~-J. ... 
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·Table I. 

Nucleus z2/A Bil?.SJ:"".f Ternary Bil11Xr"J /Ternary l•$sthod 

n~'5 ,,.a. -- .... 1.~0.6 x 1r? Ref' 2 

Cf252 ;8.2 ""l.eo,ooo <75 ~io4 Ref; 

c~e :;8.2 '~ 0 . >!S X 103 mica 

""2 X 10
2 sa..'lldt-ricb 

A+Pb 4o.4 l86o 9 o;y-nthetio . 
. Pb mica 

A+U 43.5 . '• 250 ll . ·??5 t1 glass 
~ 

. .i\+U 43·5 75 o· . >75 mica 
oandmtch 

ia also Sl..rpected that a fevt percent of the b~J fisaion events '\ro.t's missed beceusa 

nei tl)er · ~ent inte-&>aeated. a surface· of tha mioo. 
I 

' I' .I 

In U-J,oa.ded. glass the tra.jeatoriea of fission traglllenta e:re poorly lmown be-
. ' 

cause the etcllant produces aone•sbapeCl tracks ratm r tbon ayclinclrica.l tracks. The 

11 three-pronged ·events could not 1 therefore 1 bG subjected. to an. ecouro.te angul.ar 
I . , . . ~o • • 

analysis. · 'rbey re:P~aent an upper l3luit to tOO number of 'tern~J fissions • 

Our failure to see e:ny tb:ree-prone;ccl events in the mica..U sa.nd:tnch suggests t: • ·. 
. ' 

thO.t some or all of the. events in the U glass ~ not b.a.ve been temary fiosiona. 

'I'be sandv11Cb technique appears to be most reliable:> and. t'urtoor e~ol.ll'ea are oo1lls 
I ' ""'• ·' •" ' . . 

madG to improve tbe statistics. 

Obae1-va.tionta of spqnte.naous fieaio~ . trackS 1n tho mica-Cf' se.nd,dch G.i'G in 

the early stages and 'Will serve to provide a. coock on th0 argon ion results. Thia 
. . . 

tecbnique bas two advantages over the loaded emulsion technique: (1) Scattering of 

heavy particles is greatly reduced. over scattering in emulsion because of the much 

smaller a.veroge atomic num't>Gr of atoms in the mica than Ag and Dr atoms. (2) The 
I 

orie;in of each fiaaion event is defined by a. short gap ---4L long in each track ro

~ulting from th.G finite ·separation of ·tlls two halves ot tho mica aa.ndw:tch. qf about 

3000· track.a sca.nnod.1 only four were forked ea a i:'~Sult ot scattering by on ion in 

;:-·, 

. .,:,; . 
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the mica. sUJ...?f~ciently heo.V'IJ to register e. track. rr.b.Cse forks \Jere au several 

microns o.1;1o.y fl•om too origins ot the fission ovants. 
' : · .. !~ 

DISCUSSION 

't-Ye nci't·T consider various possible sources of the t"iro- and threa ... pronged evc:mi:;s 1 

z-estricting t.he discussion to A + Pb1 for \vhicb moat data. have been obtained. The 
' ' 

velocity ot tbe com:po'Ulld nucleus is high enough so' that binary f':i ssion. tracks should · 

have a. v.:.sbApcd e.p:pe~oo. "From the _observed density of v-shaped tracks, "V7e coJ.cuJ. ... . , 
· ! -I'C)4 a . · 

. ate a cross-section of .... , X 10 c:; em 1 wllich strongly' suggests that they arise f'rom 

. binaey f'iasion ~ 'rha included. angles and orientations of swei~l V -tl"'.Cka. l'W.ve · been , 

measured •. All of these events 11e in p:I.aoos conto.in:lng the 1nc1dont beO.i1l end all 
. ; ·, ·;_, . ~ . . . . . . . ... . ' 

bu·(l one have the proper angles to be_ caused by fission of e. compound nucleus into 

"c;wo equal fragments. 

In conSidering :the tht-ee-;Pro~d events 1 .· o~ly the angles of. the tracka are 

reliable. The ttack lengths J;?rOVide only lover limits_ to fr0{9.1lent ranges, beco.uae 

the etching d.::~ea not a.l-vm.ys ex.tand to the end of the ranges. . 
' I ,. ~ 

If a .binary fragment :i.e scattered off e.· heavy atom in the mica.1 both the. 

~ent end the struck atom may leave a:track. In Ol"der to be misto.ken for a. 
.. . .. ·. ' ' . ' . . 
ter-tl&"y fiSSiOn; this event rri.ust take plo.oe 'trTithin ....0.5 to 1(J. of the VerteJ-: Of the 
i . . . • . ' . • .. ·.' . . :. . . ' . 2'3"'' . . 

. "V11
• In none of the ;roo spontaneous fission tracks of Cf :;>c;;. t-raa a f:l:agment 

" . 
scG.ttered closer than ... ~ from the fissioning nucleus,~~ and in none of the 1860 · 

v ... tl~acka vro.s a f'o:rk. obael"'Ved. aJ.ong ait~r ·az.~ of the V. T'.ae observed ratio o.f 1 
' : . 

·wee-p:!:"onged. event tor every 200 bi.naey fissions is too high tor the tbree-pl~nged 

e-vents to have been caused,by ... scattering Of;.a·.:p:tnary 'fissiol;l fragment • 
. ' . ~ 

Bina..s.-y fission can be producGd by an a trar..afer process • Ho'<.vever 1 the 
' . 

scattered part of the projectile tvould not lose enough ener~ to make a visible 
' ' 

t:r.~ack until it had traveled some distance from the fission, and s: three-pronged. ' 
·. ' 

even"~ would. not bo oe~1. 
. .. 
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A heavy background. parlicle might scatter from a. ooavy coru'lt1toont of the 

mica. E:U'ld leave .. a tbree-proneed event. A scattering even~ of this' type must be coplanar . . 

:L.1. ·order to conserva.lllO!lle~lt-um •.. For seven of thO tbree.:.pronged events, the angle 

bet1reen one of'· the tracl:..s . and the plane of the other tt-ro ~rea larger tba.Tl the error 
. . . 

:1.n tho n.~Go."ut,.~nt of thie o.ngle. 'I't1o other three-pronged: event a "t·rore neo.rly 

coplan.:.~ but cou..l4 not be a. scattering, because aU three prongs were within an 

o.ngle of less than 18o0 
.. 

jWen~cs tha.t.e.ppear to have 3 prollgS might be produced. by the superpositio~ 

qf the end of· a 'ba.Ckgrol.ll'ld track· on the vertex of' a. binary fission. Since none o~ 

~e tracks in the tln'"ee .. pronged events observed is parallel tO the beam, only back .. 

gl~OUlld tracks that ~6 not. pta.'r:allel to the OOo.In need be COnSid0red. Backgi. .. Otmd 

~:rGl-cks not parallel to the besm can be produced. by recoil :pa.T"Gicles from the collision 

. of .. che hi'¢1. en0rgy argon ions with hea~-y consr'ci toon·cs of the mica.. ·The 414 MeV 

~gon ions cannot lose enough er~gy in a scattering collision to become detect~ble • . 
The number of· background tracks observed that are. not p~allel to the beam ia law 

. . 
· Gltough so that the p:robability of one being superimposed ,on a. b~.t fission is much 

i 
. less than :the obse--cved treqtl.(ancy of throo-pronged events. 

. . 

~ possibility that tw~ of tile Jcracka in, the tbree .. p:~.~onged events could oo 
' 

made by a bina:cy fission can be ruled out in mo~t caoes by requi:ring c01~sen-a.t1on 

of momentum in the binary fission. . In bine..r'y fios1on both ~<mts cannot co:;1e ofi 

011. the same side o:f' the beam trajectcocy and t~ mini.mu.m angle be"~roen bi.nary fission 
\ 0 . 

f'l:'ag::1enta is 132 • · 

Superposi"cion of' a single track on some. other type of event such as a scatter ... 

ing of a detectable ~ticle ~uld be even less probable. 

We .thUG conclude that~ fission of .an eJ::cited A+ Pb compound nucleus 

occurs "t-7ith e. higher freque.\'lc-.f than ba-s been ~ported previoUslY for othel.~ nuclei·. 

We ex~c·~; that heavier compound nuclei ··soo-tl1a,·:f'iSsion into three::· fragments even more 
"'" . . ···' 

plutml:tum. 
·.· 

........... .··.·· . ~. . . ... ' .. ':,'\ .,.i H'·: 
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:We'·bave pl~i"itec1 by conversations 'trl':th li. J. Siiie/,ecki,S. G. Tham'sson, a.nd 

T, Si1:;1te~1d. 

·p01-t by Air Force, Cembridc.-vC R!Zlscru:-ch lAboratories 1 Office of Aerospace Rer:::ce.rch. 

1. v.r. J. &natecki, Second U., X~. C-ene--re. Conference on Peaceful Uses of Ato.iu:l.c 

En.e1·gy, Pel'@AOn Press, London~ 1960~ paper P/651. 

~. L. Rosen and A. H. Hudson, Hzya. Rev.~ 53~ '(19'";0). 

,; • r1I. L. ?Q:uga 7 H,. R. Bovrman.., and S • G. T'AOtapaon 1 Phys • Rev. ~, 270 (1951) • 

!~. P~ B. P'4"ice and R~ M, \'lalke~, PhylJ. Letters _2, ?J.:3 (l$)62) •. 

. 5. R. L. Fleischer and P •. :a. Pri~e; J. .A.:pp:J.. Phya • ; in pre so. ., 

6 G P. B. Price a:.'ld -R. M. v:a:U~Ol', J.. Appl ~· Phya., .22.1 3407 (1$62) •. 

7· E, L~ Hubb~"Cl, R. L, Flc1sche:r1 P. B. Fl"ice ar~ :R. M. Wallter" to oo published. 
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Fig. 2. Critical rs.tes o£ enerr;y loss, dE/d.x:1 fol" track ragis~cration in various 

solid. datectol'"S. The threshold for texan .ia .still uncer'~in ru1d my be 
··.' 

. so.mm.;h.at .16-vier tllS.n · indicated. 

Figv 3. E"vents 'tfh:tch ru.->e ooiieved to represent ternm-.f.S..."ld b:L'I'lal"'Y fission .o:? 

A + Pb co..-·npoun.d nuclei :1n a synthe·cic mice COl'l~ca:lning -1% Pb. The strai@1'li . . . . 6 
~-acks define the cUrection o:r the incident beam. About 10 ergon ions . . .. ' 

have passed. through . each of the _fields. of vi~·1· 

. '· 

' ' 

.. 

. ' 

·. 

., 
'•· :>\ •. 
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