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An experimenthas been performedto measuyethe correlation

betweendirectionof neutronand fragmentin the fissionprocess. The

resultsare consistentwi.t?3the isotropicevaporationof neutronsfrxxn

the movingfragmentsand with the energyspectrumof’fissionneutrons.
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DIREKTIONA’LFRCWERTIESOF E’ISSIONNEUI!RONS

The simplestpictureof the emissionof fissionneutronsis that

theyare evaporatedfromthe movimgfissionfragment. H ‘&is is truesand

if the evaporationvelocityis comparablewiththat of the fragmentsthen

onewould expectthe neubmnss when measuredin the laboratorysystemsto

be emittedpredominantlyin “Lhedirectionof the fragments.

The presentexperimentwas desigm?dto detectand messurethe

directicmilcorrelationof the fLssi.onfragmentsand the emittedneutrons.

Fig. 1 md the photographs.shxY the experimentalarrangement.

The directionof the fissi.onfragmentswas determinedby the thin collimator

2 thick.which VELSplacedoverthe U~31jfoil--onemg/cm The collimatorcon-

sistedof a p@d of closelyspacedl/I.611holesdrilledin 1/8” thickblock

of aluminum. ‘MM holeswere drilledover a squareareaone inchto the

sidewhichcor~*espondedto the areaof the foil. The fissionfragments

penetratingthe coWmator were detectedby the ionizationchamberformed

fromthe coXEmator andthe ion collectionplate3/8;’away. It was

possibleto rotatethe system. ‘i’heneutroncounterconsistedof a bundle

of ten proportionalcounters1-1/2incheslongand 3/8!~diameter. The

threemil wiresalongthe axisof all cougdmrswere connectedin parellel

to a fast amplifier(Model500). The insideof each cylinderwas coated

wit h paraffin. The sensitiveareaof the counterwas very nearlya square

one inch to the side. The i’rentof the neutroncounterwas 1-7/8”froin

the centerof the U23ejfilm The geometrywas such thatif the neutrons

were emittedexactlyin the directionof the fissionfragments,then no

,
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than lL50with respectto the directionof the fragments. Argonat 60 m

Hg was usedto fill the chamberand was thus the countinggas for both

the ionizationchsmberand the proportionalcounter. A negativepotential

of 1000voltswas appliedto the collimatorendthe cylindersso that

electronswere collectedin each case.

The fissionpulsesfromthe ionizationcollectionplate andthe

neutronpulsesfromthewire were amplifiedseparatelyend then led to a

coincidencecounter, The numberof fissions,the numberof neutrons,and

the numberof coticidenceswere all countedsimultanecuslywhen the foil

was irradiatedby the nearlypure thermalneutronflux of the waterboiler.

The resolvingtime of the coincidencesystemwas 0.25fisec as determined

by placinga strongsourceof fast neutronsof variousdistancesfmm the

proportionalcounterand countingaccidentals.

‘Thefirstrun was made to determinethe rate of neutronsper

fissionin the directionof the fissionfragments(0°)to neutronsper

fissionemittedperpendicular(Ia.b.system)to the fragmentdirection.

The fissioncounterbiaswas set as low as possibleso thatall fra.gqents

were registered.

TableI summarizesthe results.

The secondrun was made to tiayb determinethe effectof the

energyof the fissionfragmentcountedon tinenuiberof neutronsemitted

in the directionof the fragmentcounted(00)and the oppositedirection

(~). The energyof the fragmnt was variedby changingthe

bias. A typicalbias curveis shownin !M& 2. The gain of

was differmt at the time. The data are summarizedin Table

fissioncounter

the amplifier

II. The

statisticsare poor as can ‘Deseenby the largestandaxderrorsgivenin

&
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in the lastcoium. Thereis no effectof the energyof the fragmenton

neutronsemitted,but thereis a slightindicationof more neutrons-per?

high energy fragmentin the directioncf.the fragment.

A thirdrun was made to obtaina curve

at var..oiisangles. Table 111 showsthe dMa and

listedh the lastcolumnshowthat the data are

However,w.ythingreallyunusualmight have

roughdata.

The

pressure,and

experimentwas done hurriedly

the resultsshouldbe weighed

The firstrun

conclusionswe can draw

was made unkr good

been

of neutronsper fission

the standarderrors

too rougheven to plot.

notilcedevenwith such

undercons~~er~bl~

accordingly

conditionsso let us see what

fmm it aboutthe processof neutrone-mission.

Assumethe simplifiedpicturethat the fissionfragmentsall have the
.,.

samevelocityami th& the neutronsare evaporatedisotropicallywith

respectto the movin~fragmentand witha uniformvelocity.

The ratioif the number of’ neutroilsemitiedin the forward

directionto thoseemittedat 90° can be calculatedto be

JLs.Z@ “;’-.= r (r2 - @

>

wherer = Vll/Vf and

the fragmeiitand vf

,..
i

(r +
‘( ● #

$

Vn :$s the speed
‘

is the speedof

1)2

of the emitted

the iragments.

m

neutronwith respect to

Now the propofiional.counteris sensitiveto the energy; of the
i

ncutronsand the spec4of”a neutronemittedat W is vn + vf whi~ethat

‘“- J--==--
i

of a neutronemittedat~/2 1s Vn y vf . The energysensitivityof a

●
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neutroncounterof the samedimensionsand .~~sfilJingwas ‘cskenat a

tifferenttime usinga Van de Graaff

Fig. 3 and.for our roughpurposethe

rKI En. If we make t&iS COTreCtAOXl

N (r/2) = P(r-3J

N (0) (r ~ 2)2

generator. ‘Ike

sensitivitycan

to (3.)we get

;ThereN (~/2)@(O) is the ratioof neutronscounted

~~-e is .Shewn in

be approximatedby

(2)

at~/2 and O. In

Fig. & is plotted N(r/2]/N(0) as a tumt~.on of r, and we

of

If

is

of

of

~ ~ log + .2 co~~espndi~g to theexperimentalvalueN

Lhe averageenergyof a fission fragmnt is 70 lfevsad
that of

can read a value

(-11-/2)/Me) = .18~.3.

theaveragewight

10Cjthe velocitY vf is the same as/a neutron Of o.7~evshencethe en=’!g

2-evaporationwouldbe 0.7 x 1.8 _ 2.2Eev. Consideringthe uncertainty

the sensitivityof the neutrondetector,the restfltis not inconsistent

with the

detector

one Mev.

dataon the fissionmutron energyspectrum. Had W@ assumedthat

was insensitiveto energythe evaporationenergywould be about

the

The abovedescriptionindicatesthe possibilityof the methodand

it is hopedthat the measurementswill be repeatedmore accurately=d

extended. I had hopedto splitthe neutroncounterandcountcoincidences

betweenthe neutroncounterswhen theywere on oppositesidesof a piece

of uraniumexpsed to thermal.neutronsandwhen the two counterswere on

the sameside. Thiswould,giveinformationaboutthe mechsnismof emission

of fj-ssion neu~,~o~s

didnot permitthie

as well as of the quantity= - v . However,time

extensionof the aboveexperiment.

\
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TA13LEZ-——...
TiQW Ik?coik

/i .3%% E?’ %’%

23 472

14 273

5 91

6 108

Avg.of 0° and~; N ( O ) =

Avg.ofr/2 and(3/2w; N (~/2)

x lo~

19J!+I 4.0 2J2

1093 6.7 0.63

403 8.5 2.11

573 3*5 .61

(Z*83& 75) x 3091x 10-5

= (0.34~ 167) x 3.91 x 1o-5

0.18 ~ .03

q-

X 10

.29

.27

.26

.25

Effect

x 102

1*83

*34

1.85

.36

,.’
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o 0 10 250 796 ~fj

o 0 m 240 7h2 L2

o 40 M 239 356 7*75

o 50 lC 238 306 2

0 m 218 682 10.5

40 10 230 318 4.0

50 10 239 55 0

W .

1.88

1.62

2.18

1.9

1.55

1.26

0

.35

.34

●3k .

.%

o

.30

.33

.35

Effect

1.53~.20

1.2&.24

1.842.33

1.62.6

1 ● 55@4

.9%.23

. ~loo%
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Angle

. 2m-

Time Recoils
--<k

331

501

1/.17

4.50

576

525

595

556

M7

439

s18

Fissions- “
~4 p

729

8$3

868

7%0

910

W&

905

831

775

809

779

16.25

3.4

7

6

6025

5

9*75

23

XL*75

5

3.2.25

-%%

2*23

1.58

.81

.77

‘$●O

.61

1.07

1.56

1.51

●62

1.58

.47

● 59

.4.9

*57

.61

.66

.64

.65

.6$

.52

.60

effecti

1.76=.28

.992.23

.32~15

.20i-.16

.07~.13

- .05~13

.43~.17

.91@?

.8&.22

.oo#2

.9%.23

.
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