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In the last few years . considerable interest has 

centered on the prompt neutrons emitted during the fission 

process. These measurements are important to the under­

s t anding of the fission process since the neutrons carry off . 

about 70% of the tota~ excitation energy. 

An experiment to study the prompt neutrons 

f r om thermal neutron fissionaQle nuclei has been set up 

at the NRU reactor.~ The apparatus is illustrated in slide one. 

A beam of neutrons from the reactor travels normal to the 

slide thru the source of fissionable material~ The beam is · 

f:llte red thru 6" of B1 to remove ~rs from the reactor and 

' thru 8" of cryStalline quartz to improve the ratio of thermal~ 

to -fast-neutrons~ Even so background due t o fast neutrons 

is a serious problem and a liqui d N2 cooler is being installed 

ror the quartz fi lter to i ncrease the transmission of thermal 

neutrons wi thout changing that for· the fast neutrons~ 

Both fragments are timed over nearly equal 140 em flight 

paths.. All three fission detectors are ot the secondary 

e l ectron type.. The passage ot one ot the tragmants thru the 

"st art" detector gives the zero for all 3 timing measurements~· 

The neutron flight path is 1 meter~ . All 3 flight times. 

together with a code specift1ng which of the 4 neutron counters 

\'las r esponsible: for the quadrupJ)e co1no1dence are punched on 

5 channel paper tape.. The data are subsequently converted thru . 
cards to magnetic 
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a Bendix G-20 computer. 

A complete time calibration on all counters will be 
I 

done ·automat1cally·every 16,000 events by a' motor driven helical 
I 
f 

delay ·line with a range of 100 nsec. The ~1me calibration is 
. ' I 

known to an absolute accUracy or better than 1~. The efficiency 

or the neutron detectors was measured by comparing the time-or­

flight spectrum with the known energy spectrum.of the u235 
I 

neutrons. For this purpose the t1ssion tragment time-of-flight 

system was replaced by 2~·aolid angle gas scintaillation counter. 

The efficiency measurements were not made with high precision 

and must. be repeated. Consequently the results pr~.sented today 

should be considered as a progress report. 

All data so far have been taken using a u233 source. In 

· one month ot continuous operation 300,~00 events were recorded, 

over half ot which were background~ Becau$e ot the two problems, 

background and neutron efficiency, most or what I will say today 

has been deduced from the 10° ·data only. In that counter we 

observed 150,000 events, of which 42,000 were neutrons and 

29,000. prompt 'Y rays.. The normal spectrum (fragments only, 

no neutron coincidence required) ·contained 73,000 events~ 

I. 

I 

I 

I 
I 

tested 

An exten41ve series or data reduction p~ograma have been · j 

on the G-20 • There is or ·course a great wealth or information' · 

in experiments of this· type and one of the·problems is how to 

present yourself with this information in a form ready for 

assimilation. Generally speaking our philosophy ~s been to 

calculate the moments of the velocity spectrum ~s a function 

of the mass ancl energy of the fission· tragment~.r In particular 
1 • , • • ,. r 

we have calculated the o, 1, 2 and 4 mom~nts in bot~ 1the lab.:, .. 
• • • • '\. \ ' ' • ~1' : 
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and center-of~nass co-ordinate systems. I will haYe time tor 

only one illustration of how these moments can be used. Let 

us look at the center-of~aaa moments in Slide two. The lower 

curve shows the zeroeth moment, or the number ot neutrons v, 

as a function ot fragment mass. The· middle curve shows 

eBBentially the second moment, or the average energy ~· The 

fourth moment is used in finding the· statistical errors in ~· 

The upper curve is the "normal" mass yield s~own tor orientation. 

It has been shown~ at least tor cr252, that ~he assumption of 

The figure has not bean corrected tor any instrumental resolution.~ 

This slide also illustrates en interesing feature and one 

that was observed· in the cr experiment~: Despite the saw tooth 

variation or v~ the average neutron energy ~.is symmetric about 

the syrometric mass point, so that even tho there are very few 

neutrons emitted b: a mass 132 fragment,: the neutron energy is never­

thela:as high. Or in ooaer words the temperature ot a mass 132 trag ... · 

ment in the neighborhood ot the neutron binding energy is the same as 
. ' 

the temperature in a mass 102 fragment at an excitation energy some 
. , . t ' 

10•s of Mev higher. . ' 
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There are two rather different'· modeiis: which· can eXplain~~-:::~ ".-·,. · . . . . . . '" ... -~ . . . ~· .... . . . . . . ., . . ,. 

both of these observations •.. These model&' ditf'er -ma111ly in their. or • : : •• ' 

"\. • • • • , • { ~~ f ... 

o ' 1 I f ''11 t . o ·, t 1
1 

I • <: o 

dcncl.,iption of' the fragments at the tint'e' .o(.scission, i.e.:- as· ~he ·. ·~ '. _ .. : 
• ' I•; ., ~ • 't ~ t ·,·: • .. • • r "'; • •_. ·., • J • ' 

two fragments are just separating, ; xn· the statistical model. the ·t· ·:; _ · · ' 
.. • ' • • • • ·... • - • • ~. • t: 

frag')!lents· are thou8ht· of 'as rte~rly -~phe~ical; .. hot. vdth.'littl-~ ·6r_-': .. ·.·. _--~ .'-
' ~ • • • •••• • • ' ' : • ·~ • • •• ' : , :.. •• : '\ 1 •• • : • • • • • • .. f. I ~ ' • • ~ f I 

• f l ... '( 

no energy tied_ up in ~eformation .ru:_l-4. in thermal ~·equilibrium. This·. : · ~- .. · 
. ~ . ·,' . . ~ .. ~ . . ~ .. ~ . .. · .. -.- ~ 

model· automatically ensures that the two fragments in a pair will 'J • 
1
,: 

.. • , , .• ·- • •• • . r. J . , . . ' .•, . .--~ . . ' . ·. ', ': • • • . 
be at the same tempettature .aild·~.o the appear~ce· · of tne middle. . · , 

.'- .• .1 •t ·•' _ ~ ·~ r ) .~ "• 

curve .fall~ o~t immediately·-.. ~e ··saw' tooth· v c~~ ;Covers about• . . ·-~: 
. • • ' ' . - - ...... ' ._-. • • • ,. •• . J 

as a consequence of_the W1de_level.{lpS;cing at low:exoitat1on energies· 
' '• t .._ o "' t ~ .' : • -:, ~. t .! . • C• • • ,... • • o I llt'f ' of o :; ' •t 

in the. ne~r magic nuclei. ·Th_e poin~ 1a .illustrated 1n ~LIDE 3 •. ·'I'his .,._ 
,. ~ ~.. : "' ' ! • 
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slide shows. the. excitation: energy- .on .the specified· r~agment when·' the:".,." 
, • . .,. • • • I . - ·• ""~ ' • J • ·, ,•.-, _,. J: t 

I ' • two fragment's have io' :' ~w·, 30 ana ~0. MeV to shSre between. them. .. . . .; ·. 
'I· ' j t ~ .. I .. I ! o • ~ '· ~ ,.t •-#' 0 ~ ~ :. 

Notice the saw tooth. behavior at low excitation e~ergies • ·.: Witliout - :· . 
o ' • o .. o ":, o 6 • 4 • ,: ! ' ~ o • , '• • ' ~. ;,: •' I •' • 

too much difficulty·· this model can be ··made. to '·tit 'the observed v. · 
I ' .:; • j, • I' ' • '· '.. .,4'1 I , 

curve very well •. .... ·. . ' ... ' . ~ 

Nevertheless there are r~asona tor dobbt.1ng the ~alid1 ty 

' • I 
' ( .. ~ 

;f 0 I .. 
I,_ .. ' 
' .. .... ·;.~ 

of: such a model.,. Briefly there are two. such reasons. ~ Fi~st, th~·:· · ~ · :: · 
~ ' • IL t.. - ~. _· t t ' .. • •" ~ I I' - i ' t 

model does not give reasonable values for the ki~etiCtJenerg1es of th~.·:. ~ ·:-: 
. . . .. " .. . - ' '. . ' . ~ ~ .. - . ,. . ~ :... .. 

fragmentn unless one tampers rather arl:)itrarily wi-th :the separation .• ; 1 · 
:. t - • • • '. . • ' • f t . 

. of: the centre of the spheres. · Second, if' 'two--nuclei ·'in such ·proximity,-
.. . I 

are to remain spherical_ in. spite ,or .the_ v~ey strons ·polarizing ·force~.:::. 
• • r • - • ~ • i fl • • + ' I .. , ·, t 

Pl'".escnt, they must be rathel' ··stiffer .than _O'rdinary nuclei·., To meet· : ·. 
' - .. • t. • .. ~ • . • .~ • • '~ ' 

theoe objections an opposing model ha·s been deveioped ~thich pictures .. . ., 

_the fragments at so1ss1on ~s oomplet~l~ cold, ali·the energy ~m1ch 
r • • •' ' ' I <' ~ ' 

SUb3equently appears as eXcitation en~rgy.being p~esent -~-S deformatiO~ .. .. •· . - "' . 
•', ". . , ~ : . . ... 

energy. · This model predicts X'easonably. well. the two features·· of the 
~ , • , _,"I • • ~ ~ I • I I •' '~ + • • r .. ~ .. 

0 

~ ' • 

neutron variation' ahown ·on ·the previous slide, .. as· well as bbth tne 
- .. - , . 

·. 

absolute m:lgnitu'de and _variation· with trllpent mass' ot .. the total kineti:: ' . - . .. . ~ .,. 
' . ' . ·~ ' - ' _; . . ·, . ( . 
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The sa\·1 tooth v curve follows. tram .. the: eXtra at'ittness · 
' . 

. t 

. . ' 

towarcls deformation posae~~~d by near. magic '·nuole~ · and the 
,I 

·, . 

' .. 
ayr.unctr1o '1 variation £ql~ows, ·.provided ·that :tn1a a.tlttness' .~a.·· . 

., • • • ' l :· ' • ' " , t- I • ~ f~ ' • • ' l • • 

. inversely proportion~! to.~the ~peo1t1<l heat .•..... · . · . ." 
' o ' ~ • I r I • • 1 • • .:, • • • •,' I< f' ~ • • ~ t • • .. 

The queation then arises; is there SOme qualitative ·.·· · · 
• 
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•• l 
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feature that would ·.d1stfngu1~h· between· these two pi,<ltures. 
. . . ,. . ·. . . 

I believe that there is~ · · Le~ .us ·consider the· elttra neutrons . .. . ' · · 
o • # ' I' 1 I o • '0. • I • : I ' ' ' I • ' ' 4 

coming from 'one of the ·.fragments. when an· adclttional Mev. ot .; ~ 
,;• ...... 

•' 

excitation energy ia put into :the system ot both fragments~ in . : 

other words· ddEv '<. • .,Acco~1.rig'.to ~h~ po,t.'.~~h~re.s ·1~ -;~h~ ; .... 
X t otal· f " ,• • • ' • 

1 
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tact model, .thi~ deriva~ive: i& close+y· related .~o the 'aepa:rat1on . 
~ \ ~ ... 

of adjacent lines·. ~n the plot .of:' Slide. three •. ,, ThUs it. is·.-
. . 

. . .. 
. expected to be generally 1nc~eas1ng -from: ··light·. to"' heavy 'masses. but 

- ~ .. ' . ' . . .. - . . . . ' ' ~ . . 

rather consta~~ ·over the light mass.peak.and extremely' large· at . · 
' .. ~ •, . ~ . "' . 

mass 132: The actual· e~perimenta; values·~ for ·~E .. ·. ,· . are. sh~ 
· . · · · ·. x total . . 

by the crosses in Slide. 4.. The·y.!lre conipletel~··at variance with:-. . . 
. ' 

the picture I have just presented. varying by a very large factor 

over the light peak and being abnormally_ low at 1nass 132·~ On 

the other hand they lend support to the s.eoonel picture in which . 
. .. 

the stiffnesfl of' the .fr.aa;ments is large when ·.they ar~· near ~losed .. ·. 

shells. Thus, just as in the stretchi~ ot a wea~·spring 'ooaplel 

to a strong one, the stiff ·fragment Will p1c~·up yery little or 

the extra ener~y and ~he floppy one, most .or 1t •. The data then·· . . . . . 
seem to support the. picture or cold t]\agmenta at,sc1ss1on1 at 

. l·cast one ot wh~ch is highly distorted, The·. dashed lines on the 

f'1~ure show the beha~ior ot·dv/dEx it ~he a~ditional .excitation 

energy is distributed equally bet~~en the .·~gme~ts, the soiid .. 
line if it all goes onto the one 1'ra~ent, . In .. the re~'-on ot · 
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energy·, and in general .appt;!ars to -get nior~.:than. 1ts rair share·,·· ' 
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·most ot. the add~t1onal-:-energy to· the·. heavy tragmerit;' · . . :; .. ··· · 
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