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Introduction

PRguvminr ssâ ito fission mission

FUalon fragments constitu te a scarce or charged nuclear high

energy partic les of imiqn# character. Beside* being highly excited they 

©obtain a lar?* excess of neutren*. • flexing the order of 100 ¥er energy 

they can cone within severe1 nuclear diameters of other nuclei during 

th e ir  elcwiug down process in n a tte r . A fragment of nees 100, charge 4C« 

end energy 8£ ye* comes within four diameter® of a thorium nuoleue. Soiae- 

what lig h te r freg.nente of higher energies ere able to come within la s t 

then two diameters of e thorium nuoleue. One might expect certain  type 

nuclear reaction! during suoh co llisions. The large coulowib fields 

present, end also the lerro excess of neutron* available in the fieelon  

fragment, eight produce a disturbance which would lead to  fleeter) of the 

thoflun nuoleue. Such e phenomenon was looked fo r in th is  experiment.

experiment. Fieelon fragments produced e t t ie  uranlua fo il by the 

thermallead flux of th* water boiler are collimated by l/& inch holee 

in a l /8  inch thick aluminum plate. The fieelon fregaente pees through 

e th in  thorlun fo il on the upper aide of the chwSber in Fig* 1* The 

fragment*, which produce lonitation  between the high rolt*g/s electrode 

and the oenter grounded electrode, are ao colliw»\i*d that they produce 

no e ffe c t on the annular ring electroda. I f  f iss io n  i t  produeed in the

Apparatus

Fig. 1 le a diagram-of the ionisation ohaeber uaed in th ia



thorium fo i l ,  hemerer, •oat ef the fragments w ill bo eaitted in aueh 

• d irection  at to  produce lor lin t ion between the ennui or pint *** the 

high voltage electrode* Such fragments are counted by amplifier f  1.

The other fragments fro*  the U fission , which ness Into the lower 

pert of the chamber produoIng lonlaetion between the high voltage 

electrode end the lower collector p iste, ere counted bv amplifier #2.

For checking background, e emitter cen be rotated between the uranium 

■ml thorium fo i ls . ,  Fig. 2 l« e photograph of the counter.

The fissionable neterla l wee placed on 0.1 mg/cm* aluminum 

lea f by the expo rta tion  tmehninue. The ur*niur, f e l l  vote approximately 

equal to  0.06 ng/om? of enriched 26. Several throium fo tla  were »eod, 

the thlcVnaeeea of which were of the order 0.2 w^om*. 7he fo il*  were 

to  mounted that the uranium surface end the thorium «*.rface faced each 

o ther. Cllmore end Potter prepared the foil*  need in the experiment. .

Fig. S ahowa schematically the electronics apparatus used.

The compute' from the thorium side of the chamber and from the uranium 

aide were esch oennseted to  the grid of "model boo" preamplifiers and 

"model 600" amplifiers. R. C. clipping ga-wi pulees of about three 

ftloroaeconde duration* Seoh amplifier system feeds into e discrim inator 

seine idertoe c ircu it. The counts from aaoh channel and the number of 

coincidences were recorded by sealers. The width of the discriminated 

pal sec could be varied ia the coincidence c irc u it j  O.Rb microsecond 

gate widths were used In th is  experiment* Sinoe the pulse clippinr. times 

were eo abort, only electrons were oolleobed from the ionl action. The 

high voltage plate of the counter wet bald about 1000 volts negative 

by a  w ell-filte red  electron ic  voltage supply*
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The ge* used in the chamber w i  f percent COj lit e rg o n .’ The

pressure (H  on of weroury ) of the ges in the chamber was chosen to 

that the range of fragments from thorium could V i« r § i  the region 

between the annular ring and the high voltage pinto.

The fraction of the f i ts  ton fragment* counted which pees vV 

through the thorium fo i l  n o  detarnined ewperimentally. The oenter 

plat* on the thoriua tide of the counter m i  connected to the  Channel I 

preamplifier end the collection plete on the uranlm  tide wee connected 

to  tie  Channel Z preamplifier, With the fa in  of amplifier #1 eet eo 

that a ll  fragments on the thorium aide of the chamber are counted at 

indicated by the plateaue of the bias curve for Channel 1, one rune • 

curte of coincider.ce as funotlon of the gala of amplifier the 

neutron source being constant. Fig. 4 'gives the results of suoh runs* 

The coincidence curve a fte r the steep in i t ia l  rise  becomes quite f la t  

over e very wide range of gain. There is a steep in it ia l  r i s e  for. 

the Channel 2 biae curve, corresponding to  the rise  of tha coincidence 

curve, followed by a gradual rise  over a wide range 1c gala* Tt»* 

gradual rise  is probably due to  fission  fragments cooing out from the 

f e l l  a t large angles so that end effeote a t the collector p le te  cut 

down the pulse height. Suoh fragments would not htTf the ir correepotd- 

Ing fragsente so collimated as to pass through the thorium f o i l  end 

should be discriminated against. The arrow in Fig. 4 indicates the 

gain setting chosen fo r  this-experiment. At th is  gain se ttin g  9 per­

cent of the count* In Channel 2 correspond to  fragments passing through
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the thorium f o i l ,  •» determined by the ra tio  of the ordinetee of 

the two curvee e t  the gelr. le tting  used.

The frac tion-o f to ta l thorium fregae&t* Wfcloh ore county 

by the annular ring wm else found experimentally, The sh u tte r w»t 

eloied between the ureniwa fo il end the thoriue one, ond the counter 

wee plioed-tn tho fee t neutron floe fro** the cyclotron. A run wee 

made of count* from thorium f lei Son, •* * funotlon of jreln of am plifier 

f \ ,  with the annular flog connected to praemplifier f l .  This date i* 

represented by the lower outre of •!£ , 6, Then the run wee repented 

with the centrel p lete  end the ennuler ring of the thorium aide of 

thri counter both connected to preamplifier f l .  The reeulte of th le  

run ere indieetad by the upper c^rve of Fig. 5. The gein eottinga cnoaen . 

fo r two eerie* of run* ere marked by erreere in Pig. 8. For the f i r e t  

eerie* of rune 23 peroent of the tbarlua  fragments ere counted: for 

5 the eeeond eerie* of rune 14 peroent were counted.

Fxperleentel Procedure . $  , -  •' . - '*

Bofcre, end e t aore or leee equal In te r t i l l  during the run, 

the eleotronlo apparatus wee checked with e  model lQO pu lte r. Voltage 

fulaee of kmwm height were fed simultaneously into the input grids 

of the two preempt i f  lere. The gains of the eeplifiere were determined 

by varying the Input puleee u n til the dleorlalnatore juet tripped. The 

fe in t were found to  e r j  only by e few present over levaral hour* of

running. Alio, the coincidence o lrou it end eoelere were ohecked by
/

e l  lowing the pul e a r , with the input about So peroent abort th a t /net 

nec.'jtery to  t r ip  the d H er ialna to re , to  run for severe 1 minutes end

W



6

recording th* * count* aeeuwulated by th* two channel* *nd th* eoln- 

f cidenuo c irc u it .

After th* calib ra tion , om w i  rt*dy to  o ta r t  the tun. The 

ohewber wa* plaoed in the well therswllsed neutron flux  of th* graphite 

pile of th* Lot Altno* w itar b o ile r , k run of about an hour vat taken 

with »hutt*r between th* two f o i l !  Oj.on, Th*n th* ahutter t i l  cloi#d 

•nd another hour run was rude w ith th* count inf r*t* th* sans, Th* 

apparatus w*« than calibrated as deac* ibed above and th* procedure 

repeated. Such pair* of run* w*r* wad* with th* counting rate of 

tha Channel 2 varying from about 0,4 x 10* par hour to  about 12,0 *

10® par hour, Kor th* preliminary data given in th is  report, ebout 

200 a ll l io n  fission  fragments w*re counted. Sine* the counting rates 

in th* two channels ar* about constant, Independent of whether th*

•hutt*r ia open or closed, th* background run, in which ths *hutter 

was closed, could be used not only to  cerreot for neutron induced 

fission  in the thoriuw but a lso  to  oorreot for th* accidental coin- 

v-t) o idano*,1 ^  f e f  01*01 . ' 0 0  0 " ; &J.,

ftiscusalon of Petulta

Tn Table T, the data taken to  date.!* er»‘*ng*d in rows, so 

that each row represents the to ta l  date for. runs In which the oounting
•

•' rete  was wore or l*s* constant. The accumulation of data fro® the f i r s t

two rows suggest* that ther* might be a poeitive e ffe o t. Since Urge

angle Hutherford Scattering of the f i le  ion fragment* from th* throiua 
\

nuolous might produoe tn ion which oould be counted by the annular ring, 

oq* wade a se ries  of run* with a laad fo il  substituted fo r th* thorium 

on*. The data froa these runs 1* included in the th ird  and fourth rows.



For th a *  runs the eoincldenca ra ta  for baokground and regular runs is ,

•• indicated In r<se f $ t  lOMVhli S lrg ff than for previous ITS# with 

thorium f a l l s  and the iiae counting rate . This may to  due to a ta tls t lc a l  

fluctuations, or i t  nay be th a t a few coincidence counts caaa in due to 

•mas external cause, auch at motors s ta rtU g , e tc . Extra counts Ilka 

•'fjK this# providing they coaa In a t  random,1 have tha a ffect of raising tha 

s ta t is t ic a l  a r m  o f  tha resu lts whan one aubtracta tha background 

correction, tha rums reeorCsd In roar f i  see* to  ba en tire ly  oousiatent 

with the thorlun runs. The data taken with the l t td  f o i ls  gaea a 

higher coincidence ra ta  for the ahuttar open than for I t  dosed. i!han
'  > r t ’K ;  V * \ . ‘ . /  V  '■’*»” '>  V  • V \  ** 4 > ? '  *. .• . ‘£ $ r - l

one aubtracta tha a ffe c t obtained with tha lead fo il  froa  that obtained 

fro® tha thorium f o i l ,  oca gate a difference whiah is a a il  ins Ida tha

• te t ie t lo e l  error,
. ■ V. ' '

w'V: 'v ' I f  the  « ffe a t obtained irith  lead la rea l and la due to Rutherford

angle scattering  of flaaion fragment!, tha energy given the reooil nuclei 

•\ reduces tha energy ©f the fragment to such an extant th a t one should ba

able *° H  end rea l thoriua fie alone* Tor 60° scattering

a frsrwent of mas 100 lcsae about l / l  ite energy. Tn order to blaa 

agalnet euch scettered fragments, therefore, e ie ria s  of rune were wed* 

in which the geln of the am plifier for the thorium fragments was reduced 

by about 30 peroent, so that tha affiolanoy of counting thorium fragw nta, „ 

Indicated by fig* 3 ass U  percent. Thaea runs give a orwe saction -.%V 

lass than the e ts tia tic a l  e rro r . The summery of a l l  the runs taVan to

data is  tabulated in Table 11* The weighted mean of the evarege c ro n
• l

seotlon froa th is  date is f  ♦' 6 barns. One osn In terpret th is only to

IrjK W jg tj
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•sewn fchet the c re s t iscU o n  I t  le ts  th in  6 b e rm  w ith « $7 percent 

p ro b a b ili ty .

ne itroa** ; one osn t ty  th e t  fo f  f is s io n  frapnen t induced f l i t  len t l l i | ^  

u r t t i u a  to  be conpersbie to  n tu tron  produced f is s io n ,  the c ro t t  s e c tio n  

c f f i t s  inn fragaent lnduoed f i t s  ion should be approxim ately equal to  

iC^ b t r n t .  iTHe re s u l t  of th e  experiment th in ,  in d ica tes  th a t t t  le a s t  

in th o riu n , i f  f l i t  ion frag a e /iti  produce t c  e f f e c t  e t  e l l  i t  le  l e t s  

than  0*4 peroent of th a t  due to  neutrons.

'anloy wMah began th ie  in v e s tig a tio n . Thsnfcs * re ‘t l s o  doe to  the 

personnel of Croup P-2 f o r  the  use of ths Loe Alamos water b o i le r ,  to  

tb e  e lee tro n io s  group, p e r t te u l i r ly  to  Dr* P. T l t te r to a  end t*r. E. E x ter, 

f o r  th e  coincidin')* o i rv u i t  end o thsr e lec tro n ic  eeuipw m t, end to  Sfcu 

cU nore  tnd Hfi H. l e t t e r  who wade the neerssary  fo i l s .

l

Free the rsn^es of f  i n  ion fr*f«*nte  in uraniue r e l i t  i r e  to

The author w ishes to  soknewlidge th e  suggestion of &r. *’ohn

I
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tabu: x

APPROXIMATE COUNTS

O H n O E N T I A L

A opllfler F o il Counting Rate S hutte r Open Shutter Closed
■ J2 ;;d Channel Count* •

Gain per adnute Channel 1 Channel 2 Coincidence* Channel 1 Channel 2 Coincidence*

12,2 Th 0.19 *g/ca2 7 .0  x  lfl4 1.9 x ID3 26.4 x 106 4 1 .7  x  ID3 26.3 x  ID6 1

12.2 Th 0.19 n*/cm2 18.0 x  It/* 2.1 x  103 32.5 x ID6 6 2 .0  x  103 3 2 .1  x  106 2
11.31 5.9

12.2 Fb 0.19 «e/ca2 18*0 x  10^ 3.1 x lO 3 54.0 x 106 21 2 .7  x  103 53.9 x  ID4 17
6 .2 1 8 .1  )

12.2 Fb 0.19 ag/ca2 9.0 x  lrf1 1.2 x ID3 19.6 x  10* 7 1 .3  x  ID3 24.0 x  10S

0.4 Th 0.33 ag/ca2 15.0 x  HJ*1 4.0 x ID3 64.0 x  106 15 3 .9  x lO 3 66,0 x  106 12 4 .8 t 7.5

5.1 ; 10.0
* .»*•*’
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