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Tile ilf.sij;ii of i l l ic i t 1 , ir K ' . i r l t t r * , fspt'r i:il ly f u r l l t u
f.ist lirci J.T.S, r . - ( |u i i i - s t in - tiiiowli-iti;!' of .1 K"'-1' v.iric—
ty of .ii.nii.Uv f i s s i o n i|jt;i : i i i .>niK l lu -m .ire i) the
n f t t l r n n - i n i l i i e e i l roncl ion.K fo r tin1 fi»'l e l rn ionts nnil for
the t r . insnr . - ini i - n u c l e i funx-i l i l n r i n j ; the i<per«t ion of
the rc.iclor ii) thi: .ivt-ï.ipe iiuni!>c-r v., ;ii)d t l ic s p e c t r u m
of the pior.pt i i C i t l ï n î i s '--hicli -ii't? f n i l t t . M i per f i s s i o n .
These d.it.1 .">re o f t e n m-cdcd civt-r .1 vide vanj-o of i nc i -
dent n e u t r o n eia 'rgifs ( for cx.i:"pli- f rom t ! i> ; rna l cnctgy
to ?0 HuV) -ind fcn.li;! ir..os w i t h AH .iccurncy equ.il to or
better tîisn 1 Ï . It is obvious t)i.it such d;ita c.innot
be obt.iincd f r u r n t h e nucîe.ir theoi'y of .1 vc ïy complex
ph*..ni'3i..'non •-•îiich is not very w e l l I.no'-Ti ye t , despi te
«•xlt-P.sive s tudies c.irri i-d out for r.ore tli.in 35 years .
There fo re , r.iost of the accur.- i te f i s s i o n ilala come from
uavisurrinrnts M.ppl cr-i.;ntcd by e v a l u a t i o n . But f i s s i o n
theory plays .->n impor t an t ro le . It is essential , in-
deed, to have a good i indc!s t sndinK of the f i s s i o n proc-
ess in order to Vncv vhat the ava i l ab l e f i s s i o n d a t a
a c t u a l l y r.c.'tn and to tr tat Uitnri ndt-qxi.itely . For exam-
ple, the i o t t i r m f d i a t c s t r u c t u r e e f f ec t in soite sub-
threshold f i s s i o n cross sections has changed comple t e ly
the p ic tu re p iu r i bus ly a rcep tod of s t a t i s t i c a l proper-
l ies of f i s s i o n reson.incc paiairelors . This e f f e c t had
not been unders tood u n t i l double-hunped f i s s ion barr ier
sh.'tpos were obta ined in S t r u t insky 's calrul.i t ions and .1
new f i s s ion rirclifln i sia was proposed .Also, c a l c u l a t i o n s
based on r e l i ab l e f i s s i o n niodels, hence on f i s s i o n the-
o iy , are needed to provide |;ood evaluated f i s s i o n data
not only by f i t t i n g the, dtpcrir.«iital da ta but also and
Bj»inly by in terpola i ing and e x t r a p o l a t i n g the knovn
da ta to energy regions and/or lo nuclei there no exper-
imental results .ire avai lable yet . This type o£ 'Wdcl
ca lcu la t ions" is rwrc and r-ore used by the «.-valuators
and tiust he based on good f i s s i o n theory .

An ex tens ive and d e t a i l e d assessment of the contri-
bu t i on of. f i ss ion theory to f i s s i o n data is l a rge ly
beyond the scope of this paper . Ka iher , we shal l focus
our a t t e n t i o n on son,e aspects of the f i s s i o n process
vhich c-.iy be useful for ol'laining or undcrst aiiding va-
r ious f iss ion data . This exp la ins the follovirf, orga-
n i z a t i o n of the ta lk :

- K i s t i o n bar r ie rs (s ta t ic and dynamical aspects) .

- Fission channp) theory of Hohr . A p p l i c a t i o n to the
239pu resonances . The ( n , V f) react ion .

- Damping e f f ec t s . Application to the fission of 240l'u
at low energy .

2 - I' is s ion b « r r i <• i s

1, A - The f i s s i t m l i . i r r ï r r of .'i nui' lru«; Î M t le l f i mi ut- i l
r m m the (miwli- i l i i f t t f I h u nu 11 i«l in i i -ns i i t i i . i l put t nl i.-il
c- in-r^y «nrfaci- over a w i t l e r.inj;c of tlcftii!!i.il inu i , f r t i m
I l i t * I ' .rtMin.] s t a t e to scission t h i i M i ^ h I lit- s a i ld l r po in t .
This pt i l* 'Mial rm*rp,y cannot yet be ca l t u l . ' i t t - i l .11 cura-
l e l y liy f i ind.unei i l . i l au ' th td ls . Though liar I ree-Ft-ck ri. 'th-
oils are roaming r a p i i l p r r>gres s for the I T c.itin«'nt of
l a r g e l y deformed nuc lea r syst».i::sl , Ihoy cannot he used
at picsont lo ca lcu la t e f i s s i o n b a r r i e r s w i t h .1 good
prec i s ion . The r-jst r e l i a b l e :wthod consists in u s i n g
the phenomcnologic.il prescript ion of Slrut insky? in
vhich the to ta l energy E|SJ of the nuc lea r system at a
given defo ina l ion (s| is ob ta ined by a d d i n g to the
l i q u i d drop iineigy K ( (.s) ) a shell energy correc-

tion ftE , ((si) which taV.rs i n to account the hunch ing

ol the s i n g l e — p a r t i c l e levels near Che Fermi s u r f a c e :

1.D ({ s) ) - A E ( [s) ) (1)

Several groups are ac t ive ly lUR.ijxd in such roac-
roscopic-tnicroscopic c a l c u l a t i o n s in which the correc-
t i o n /I E ( Is} ) is o b t a i n ) d by ns-ing d i f f e r e n t

types of shel 1 -inmld p o t e n t i a l s : Ha rmon ie o s c i l l a -
tor^ i^ , Voods-Saxon^ , foldtul Yu'«ava^ , t w o - i f t i t r e
potent ia ts^i ' 1^ . These ca l cu l â t inns g ive f i s s i o n bai-
r i c r sh.ipes w i t h two hutr.ps for uucl i - i in the n c t i t i i d c
region, as is i l l u s t r a t e d in F i g . I . Such h a r r i e r
shapes can exp la in in a coherent r.anner i-.any d i f f e i o n t
aspect)o£ tt\a fission phenomenon vhich were discovered
independent ly one f rom another , for example : f i ss ion
isomors, i n t e r m e d i a t e s t r u c t u r e in sublhreshold f i s -
sion cross sections, s t ructure in near-threshold fis-
sion cross sections, angular d i s t r i b u t i o n of tin: f i s -
sion f ragments . This subject has been t reated oln-ady
in several review p a p e r s ' ) ' " t i l , 1 2 .

2 .H - Let us su.Ti up the main aspects of the s i tua t ion .
About 45 f i s s i o n isorrK-rs have been iden t i f i ed in nucle i
from U through Cf isotopes w i t h ha l f - l ives between

S.IO"" s. (?'<2Cm) and' 1.4.10"2 s. ( 2MAra)
The subaanosccond t ine reg ion lias been explored for
even-even U and Cm f i ss ion isomcrs using a geometrical
magni fy ing e f f e c t in the f i ss ion- in- f l igh t nethod'3 .
Ko doubt that o ther f i s s ion isoners hav ing shor te r
life-tiir.cs and formed wi th lower isomoric r a t i o s could
be observed us ing improved techniques . Strong odd-
cvtn effects in the life-tiwe values, sometimes as
large is 10^ in r a t i o , are observed for rust of tl-e
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tr«T l,y lu.. .••! ii,,; lliii.nj.li | !„• lu-i.r l.uli.i (H,- '( •
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on llu- n-iii ..'"I i-..iily 4" »f il». li-.'.i..<i it..-!..-i!i i:. i•*-
tleii.i-«|y t..'..!!*' . *n>!i« .il ii'ii «'it I t ». I1* v.*t,:ri f.»i k,,"
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Of Ilic S' ii..lie ;,/ of l'ie li'.'.i.ii fi..,, i-M »"'•" .l'iiau-
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l.i'is fan fil ll.i* .l.il.iîii) il is n-i| ..un- III.il v.ilu.' ni
K fnt il»- ii'ii ). ..r »)^»i'»i in ini'-i-ivi-t! >.!>•« rm-•i'liif,
lin' niilir li.n ri IT .nul h) tin itiiii.il .il i [/•.•••• ni »l Mie
c<>»|'oui>il niifltiii» foiiM'il !(y Mu' tiMilimi r.ui lu1 nudl-
fiod by mulioiii; .inj Y r.tys rmiitcil |M-(I>II> lin1 for-
in,ilioii of tlic r.h.tpc isi.f^'r î>iul *i1f>» ( y tin* (.»•! tiiit»;»-
tion |,r«'i.£lit .il.,.ni ty rxlr.l MKÎI . . I fi.'lds .

Tlie inli rt...ili^t<- stiu. lur.' in viit'll.i.-sl.fliJ fis-
sion riots n ' I i<-ns li.is Ixi-n «.'u. iv<-i) for »<:V<ia1 non-
fissile i«-r. |<iis (.1 r.'ViVj of l!i>- nuliji-tt in «ivi'ii in')
This [.li<-r.»ri.|iun li.il !»•• n int. I ri. I .-'I a» ti'ing i!in- to
tin* «'jilst9 nci» of ntf.ytmiir! nui: II-IK. i;l.iti'!* in ||M* Ki'cond
vr 11 of llic ili'iiMi.~!nHV'l fi»t>ii>n h.'.rrii'r (rlH^c-ll
•.Inlrs)'" as i« il)ui;t>,tti-<l in Ki(;.2 f Tlii? fin« slnic-
• iire of the narrow r«r*onanc«!» ill"1 In ''i<- majipuml nu-
clcus ttnlf* in I lie fiii.t wrll (<-l.isi»"I «laics) is
Ihtn r*idi!.itii) by the «milling of tl.i'Si* Mali's to the
lission oit r!..,MI.. IK tl,nni,;li I lie r!..ts-ll sl.ilcs ac-
ting AS ii'.tfi:.«-i!i..tf s lAlos . Art\'ii!inf, to Ibis }'f<:;•»-
serf Bi^rh-inixm, .ill the liirge fis1.ii.ii ri-ftitixnefa \>e-
Idnfing to a fiivt-n clnMcr f.liould li.ivc Jb* »«w sj>in,
tlint of Ibp cldss-11 »l«tc irspttiisiMtf ?«*' thrit cli-
h^nccd fifiicn witiih . This lifts b.>cn v.iificil cxfcri-
ocnlally for ?^?!:p wli«r« tli« int«:in»'ili.itc «tiucture
effect is qniU' pronr>iint«-d" .ind vheir the "s" wave

can bavc two J vntu.-s (J-? and 3) . /n un-
iius tv^-rin..^! u&inp, |.o1.tri'..'I rouirons and a
zed 'Ï'J.'|> r-ir/;»», clirarly «f.>w»i:»l *»!«•» th.it Ihc

fission contribution in tl,«- f i rst rluslrr .it 40 <-V
coc^s «.«smtially flora one spin it.Hc (J''3) (Sue Fig.
3)?0 . This ni'-cb.inisn «Uo t-rt-dirts tli.11, in a givrn
cluster ( I be l.'irgc fission rvscttAtiri..* shoutil h.ivv their
fission widtli« dit.t ribulcd, on liio avo«g<>, .ili.ng A
lorc-ntziin, as .1 function of inci.lrnt neutron energy .
In addition to this snouth behavior those fission
widths should «*xhibit-foiter-T!n-;ias fluctuations . Such
* distribution is actually observed in presently avai-
lable data'.21 .

Analysis of available fi<s!»n data ri-lrvint to an
interpretation in trrus of the .li'iblc !i i:.i'cd L.irrier
can yield infoiir-ition on li.uritT ;>aia:rotc'rs such as
the heigbts of the two traxiua and of the si-tond nini-
nua relative to Hit ci.prgy of t'.e (,i»u:td »l..tf . Com-
parison of such 'VxjH-rir,..nl.il" fis'.ion barrivr p.ira-
cwters with c.il(ul.-t<d VDliiCS MK-VS in };i-;.risl, gt-od
overall a£rc'-r.-::t but with a few ..n'.s of Ji.-.11 !•;,.->«-
ties ; for instance, in tl.<; Th f-gion , the ensured
inner barrier is definitely higher than all values ob-
tained from calculations' .

?.C - Ibç..Ç.atrul.a! ion f( /t'J'ion. cross,. v.vK
s.ion Jife-tirn"» (for i.y.is,ple for I he f,iotind state),
l.i;i)iri-5 tin: V.ii.j'.'li i!j;<- of the equation of njlion for
tlie fissioning system all the way to s<i*..*ion . This
(dm.ft b« "d.itvii! vil'iuut si'ine tl.roiy of fission dy-
iiâmirs which, on the oilier hand, is pnnrly nmletslnod
.it (TcsiTit. (ln<* does not even Inw wh.it type of fission
dynamics is to he applied since it i.cems to dcprnd
sti«-tij;ly on the exci tat ion cncigy (See Section 4), In
I tin .i!isftice of an ajjuu^i iale theory, oui- is led to
ID-ike very crude assumptions in arln-il c.iiculat ions ,

- At low etier^y, in the sub 'ban 1er ngion, it is
U«ni-i«rfy assu::i>-<î that the j.ha«.« c»rr. -.;«ouiting to the
crossing of the barrier (i.e. where L(JsJ) is trc.il er
than the incrf.y E of the systeia) !» .i,lirtbnt ic. This hy-
pothesis cicans that ll.e fission r.xile docs not iniliict*
real inliinsic t-xcil.it ions in the «y.slcin. A f te r I lie
crossing of tin.* lui 1 1er, when I lie nucleus inove», in an
iilcveisiblc ni.iiiiier, fioin the point nf exit (when* E «
K (|s|)) to scission, the fastness of the process is
such that the aJi.iS.itic appruxita.it ion is questionable.
Viscosity effects r..iy then Appirar in which irai intrin-
sic excitations can be produced due to their coupling
to th'î fission cwde . These effects can effect the
properties of the fragments (kinetic and excitation
energies) but do not rwdify the fission probability
sinci: they appear in the last stage of the. process only.

- *JLbisl'f!!-£Z.f-'l2.£iPn eafl£S* above the barrier,
the situation ïs iwro complicated since viscosity (or
d.in,-.ing) effects can appear at a mob earlier stage of
the process and therefore nodify the value of the fis-
sion instability . In this energy rar.gr, general use is

of the Hotir-Vhcfler formula :

, -,2 W - V. (2)



lli.il '//ftoJj • O .V !'.. V .iii.l Un va!in* »1 I' < .1:1 I.i- ••!-t,ii-
n-'d by <*i.ii*'!.>iil V ' M |.-i hiiiipi.-si') . Tl»' ' .ilt.nl.il ioiiî. of
P ate gir.illy sirpl ifi''il fnl flu' dir.fiir ini..il fi'. '-i '-n
li.illii-rs ,».J ii,:..(...I i i% ' . pn., , - l i [S B . 'lue then
oh1.1 ins : -

I'V .-»p ( • •??• - ) if K # h («)
r«",. • -

with S • J , V Z | K - »:(*) | . B . ds (S)

In this l.iNt iK j t ' - 's Ion :
- s i » the ôefoiivit ion p,-ii.n'..-icr along the f ission

path .

- s' and s" (with s"> s') are the values of s, K-S-
('«•*• l ively at 11" ir.ti.ii.n- ., :id c-»it of tin: barrier
for whith the total i-i.ii|-.y K of the •.>••.! 111 Is iquil
to that of the Wirier (K > K(s') * I:(:.");.

Improvements to lifr-lir.i' calciil.«t ions have been
l'|oii|;llt .-ihoiit r «-nul ly by a f»ie sophist ir.ilcd appinacli
'"'.that we shall surra-ii i/.e In-low .

It is fiisl i ..n-iiili-n-il th.it the |'.'tinii.il riit-i(-,y
is V.novn in a mull idiifiisional cp.ice wi th a set
{ R J ' (S| i S2i .. .sj * , s j ..) of defornit ion i-ooidi-

nales, using the Stiutinsky proo'dure . Hut the major
step for-..nil is lo tonsider that the MSS in. it i.i p.na-
c.fler B is no longer constant but c.m v.,ly wi th ( s j .
This is justified by noting that the shell s t r u ' t n i e ,
which is MI ii.-i"-rt.--iit in tin: ralctilalion of the pC<ten-
tial emig/ also pl.tyi* a i-.ijor lolc in Ihe value of the
K.ISS len«or Bij (the iudii-.'s • .-ind j tef«.*r lo the d.-for-
tbl t i (]

calctilatit!
show
quite iit.il.ir to those of UKg|( discussed previously .
In this multidimensional n-|-:«-fi-nt.irion, with possible
variations in Ej: wi th ^ si taken into account expli-
citly, the expression for S now reads :

S « [fjï iT-TThÛr B~(6)J<r (6)

tion i-i*.>riliii-ites sj ami Kj respi.'t lively) . Actual
It-illations «f Bjj, usinj; the "cr.itiVJng" fortuita
yu oscill.il ions in I'K-M- values vilh t!fli,rn..if ion

where i

the deformation pai.une.ters s], sj. «re supposed
be functions of some arbitrary paratM-ter V .

to

- C' and 6"' are the end-point values uf the para-
meter Ç , similar to a' and s" defined in (5), for
which E • t (G 1 ) - B ( C") .

- B (C) is the effective CMS» defined by the follo-
wing relat ion :

I!.. ...|.-.l.iti •. ,,f S, v ie» . ..,...ili..» (f.), . ,,n ».e
i.'iii.-d o-il [M.-.!,!'•! -',i| a 11.1 J. , Ii ry, the f i - ' - i i -n
|..i!h, i'i il.fi.,.,1 !'l...ii the t-.ii <inl i-.iiit' G'.n-ls" .
If (i I-..-1 .1 i c - > : ' t , ' - i l ..IÎI.P, l!ii- f i ' .«; . i i ;.i(b v,,ilt| fut-
|i-w Ihe i/liii-..il v.ilii'-5 of the p-t.i,li.i| . ,y MIJ-
f-iii' . Tin's «..if 'ft i •>! .!. lii.i , ul,.it ir, « . i l l t . l (he
"s ta t i c b-'iiii-r" . T'." f i««- lon p.ilh !•* n-i IDI.);, ( the
i-f.ilic t..iii i«-i if I, v.tili't. vi lh >Ji-f«*i-'. . i l inn . t'nr
.-n.-..-,ji|e, the fi'.-.:'< i;i 11 - t jt c t . - ry nay i«-.nh IIJ^IH-I j.o-
It-iilinl eiiei>;y if t!...- i>..i-.t. P.H.I -<•< t i - r I-.lit Unit- ,i
.-,! -il l< I 'v-ilne , TM fi-Mi.-n p.-Hi i>, Hun .1. I, i, i... il I,y
th.' li-.".t-.ict i<-:i j i i iniplr , which II.I.IH In tin- -.u.ill-
r::l | .it'll v.-il"*- f i - t B ill»!, i Hi* . -JIU ul ly, I-,I "C...K .
r ., Ii a ;..ith ('iv-* tin- s.i i-.ill.-d "d/i. -:i ii .i| l-.iiii.-i
vliiih is illusti i f t . l in Ffg.i fut /4nl'u. It IB inui.-s-
linK to not.' lli.it I In- I» .isl-.ie'1 i.'ii t r.i ji-t loi y «fin--., imt
p..-.1. lliioii|-,h I In- "-.I,itir" t..i'1'lli- jM, i : . t f , !"il | n f , is ,1
p.ith at a t. v't.il tiij;!»-! i-!t>>igy . T!ii» •.»•<-f.v to ..pply
to cost of the C.IM-S studied so f.ir .--ii'l .ip;i*.lis lo be
a ri.nî-i. «jiianci! of a l-u^e r..*ss p..i..:.|(r .it i hi- s.i.MI**
point . This « f f c e t i tsel f is <!»••• lo |l.u ..h.-ll «.true-
Hire which givis a large positive she) 1- i-i.i't>;y «nrrec-
tion at that ,U!"in-ition ,

The validity of th is n».'th.>d ..in i..* tli.rl.nl hy
co>:>! .11 ing the f i 'sion life-tin- v.il'.es .-!•:.liu.J fio»
such calculât i'mit vith the expel i:-..-nl.il mil's . This
if-|> ir I'MMI n»i<tt hi- r.liried out w i ld ^ii-.i! i.in- sini-c,
.ii'ronliii). lo tin- .11, III" I-. Ihensi-ly.-s'1.''' I hi* i.ilriil.r
I it'i.s M-i-n to hi- i-xtnnifly - in-- i l iv i - In l',-l Ii i»i,i..-.-
C'tpic «ind m.ii;-|i'Si-opje priiperlies ol I he IHK-|«-II*I . SttiiM*
of thi-se prop.-rt if**; .-ire not Wfll Vnuvn 'nul the uiu-i-r-
Lliiity associ-'lti-d with theil v.ilui-s i .11» dia«t ii .il ly
th.mi'.c the recuits of the r.ilrul.il ions .I'oi t-.v.ii |>li-,lIn-
v.iri.ilion of the p.tiring slienglh w i t h <l.-f«.ii...it i.ui is
ptrtd ic.illy iinViipu'ii bat plays a crnci.il rule in the
il.-i ivnl ion of the mins trns«r BJJ fi,.m <->]>u-ssi..n (8) ,
In the al-siiice of i-»te <h-lail<.-d infoii-i.il ion, it is geii-
i-r.illy .isMiiwd that the f.iirii;|; -.lr. n,.tli is oithi-r K/IIS-
t.nil or puiporl K-ii.il tu the Miif.irt- ;in-.i of tin i.n. It.-us.
tat switching fr.-ra one to the olht-r of these two .i*.suni-
ptiivns changes the r,».d. vnlues by an c-nniI'CHIS f.oMiif,
fiotn 8 to 10 orders of m.ign!tu<le fi.r I'l.inium i*.otnpes ,
A i:h.»ige as snail as 10 Z in the pairing strength can
bring about .is large as about f ive orili-rs of ni,-igniliidc
in the life-line i!.*teri:,inalion . ?uch variations can be
expected in the defornt.it ion d<-;-< :,.lcn. «• of the pairing
strength . For ex.ople, self-coiaistent calculations of
the pioperties of Sin isotopes for various dcforr.itions,
using the Hartrrc-Fock-Sogolyubov method with ixternal
constraint, show oscillations in the pairing strength
as high as 70 " ever a limited range of deformations,
much tualler than that net in fission28. Also, the li-
quid drup paraiM'ters need to be correctly adjusted to
reproduce the experimental data. For example, in Fig.6,
where A good ovtiall .igrttsMnt is achieved betwevti ex-
perimental and calculated values of "f>..s> not only a
simple assumption was iaad<! on pairing hut also
the. reduced fissility paraMterC,as defined in^had to
be adjusted separately for the various series of isoto-

pes



Til"- i'.lin i l i f f i o i l i y cl lh.» i . i l . ' i l ,.| i i ns l i es in
the i lrlen.in i l iuii of It»' f i « * J < > n j'ti>'..iM I if y at a gi-
ven i i ' i f . y iiiid for a «.<•! I - i ! i f fned !,et I r I of quantum
mi*.!,,'is (g.r,..|..lly .l.tt.M «tid r). K«r a l l »Vt* J < - / ,
itiHs-dltvi «i»n.»l f i 'Mor i tanieis a IK i i ' i i s id .rre i l , all of
lin» li.ivjni; the K.I. <• (.h.ipi-, f t cVolrlu-J in Fig.7 • This
»!*.••;.(• it. ..M.I I'M,I !.y si'-'»i!ily joining t î . r i c p.n..hulas
I..1 vinf, |'..i.i.wt> f « rxlrnrteil fjof» f i l s lu ii'1'V..nt fis-
sion <!.<!,i such «s Ili'tiu- d Î M M i r . « e d in S i r I ) on 2''>^f',For
rath H I [<:/ ,Ilic '....tii'-r il Kl i i f t e i l iis ,i «hole of an
energy Û E < 1 < " J ) dete i i if.n! î.y lin- f i t t i n g pnmi!ui«.
Damping is iiil toAiiceil (hriMigh the fun» i-f .in ir..igii>..iy
p. irt in tlio potent i.il in order I» s i n i l . i t e the coupling
of the f i m i o n unir |u tin' i n t r i n v i i : d.>};iees of free-
dom

Tlif Ir . i i t sn i 'cs i i ' i i of (In- b . irr ie i is c - ;>Ir»I; i I i - i l
«y «iilviiij; lli<- Si liiii.!iMi;< r n|n.ilii>n in Ilir ri>i»|ilrx |>«-
l i n l i . i ) line; »M.iim-<l ,

Tltr » xjM-f ifffiiirtl <!••»( a l ) i f usnl in this j>itu'i*~
time wln>n Ilii-y ,irr . iv.i i l . iblr> niv (lie fol Irv/i'ngs :
p| - ilie iot.il f ission < > • • • , « sn I icii <T{ (Kn) .11 inei-

Juit IK-HI i un fiu-tfy fn .
D^ - lli»" .••titular ili'.tril/-.it iiui Cf (9 ,K U ) of «lie fission

fr.i(;"""ls rnit teJ at ei:glc 0 i c l . . l i v t to (l.c i!i-
ri-rtion of the inc!di-tit iii.itton l><>.->ni .

Oj - tin- roeff i c i . » t s C|, (Fn) of the !.••£;< n.lrc pcljno-
ini.il tX|>..:i»irnC|( 0,E,,)«X CL (Kn) . Pi (roi 0)us<-d
to fit I lK-Cf ( 0 ,K,,) «!.itk .

04 - The .inisoiro,,/ a,, (E,,)'^f (0*,n«)/Gf (90*,E,,)
The f iss ion |<,ii.iii>cli-rs Fj , licl.'in.innl l.y f i t -

ting the- «bow lUta are :

P| - the «-nc-rgy shift AE ( |c) ) for the I our it fission
channel having quantum nun.t>prs |c) ,

PZ - «he effective nimti-r H ( ( c j ) of f i ss ion channels
h«v!n£ <lii..nlu.^ ii.;^lii:rs J c ) . This t;iV.<-s into
flrc.tnnt the possible «(.t-ning of r.«-re fission chan-
nels for inrri-asiiij} El( .

tj - the c .H-ff i t i i - i i ts# of an .in.ilytir.ll <-xjin"ision
N ( { « r j ) " I (En, et,,) rf<-«crihii,B tt.e variation of
N ( jc/ ) with En •

P$ - the n.txii">ia «Ifpth Wm of the iaaginary part of the
l*t<nt>dl sujyuM-d to have a i>aral>ol ic stifipe, in
the ?nd upll.(Full d..cping is assuwd in the first
veil)

These par.uictcrs t'i .irr datera!n<.-H by a l.-ast-
«quarv fit to the data Dj . In order to s impl i fy the

At ff li..vc fe .n in 7>-« i ion If, it is far I'.-yi.nd
t!. j - r i f . f n t (..{..ibil i t ics of f i t - s i i ' i i t! .«-niy to | i « . ! i c t •
Uu* f l u x i o n pic*pert i^4 of ;« s p e c i f i c f i htionin^ M < i t e
li.iving fp i i i <ii>d l ' i t i t y j" Anil at an txtitxt iuii ( u r r K X
aliove the r.rutron <:ui$>ii>ii t!i(e<.hr'li! /mH, a f o t l i o r i ,
to p i cd i i t . hi'w l l i f -Be f i o j . i r l i e s v.iry w i t h Jn . SfVitc-
l l . i l « « i , a «liiuplif i i . t i if.» in t l i is veiy r,.u|.l.v« p t i ' l < l > m
appc'.iri'd vlii-n A. Ruhr si» veil l l i . i t ia.*ny pr»|»Tl irs of
Ihi* fifi^ioit pr«»i ess thriHif tti tla'Sf i n«l i v i itu:* I e^i i l . - i l
s f . i lrs l'itolil l«i' « l i s r i iMsrt l in left»** itf .1 *. in. i l l .'tel <i|
i iMrtinn .illcrn:il i v«*s nr fti . i i i i irlK, even ||I>MI^|| I li«>
nufiifu'r of i f i f f e i r n t (i.^-.'-h-nl |t.iir;< i*i ve iy l . i i f .e in
hin.iry fission of a lie.ivy ourletiN^. In I f i J K appf«>.K*h,
A. Bohr |'ii>j-i'S"il the cmi.ept of f i i t s i i m e x i t rluimn'ls
hy rcittsidering that (he ('nvM^e ficm Sit^dli' point to
scir-f ion is MI rapid th.it the proyi-rt ii-s of f ins icm,
thiiiigh strini|;ly i!cpcml<nt on sever.il f . i r tnrs , are never-
theless inf 1 iiennJ Ly th(>!.i! of (he transi t ion states at
the saddle point» In this picture, the fi.t*ion txit
eh."!)'.:'? 1 » ar*« therefore tli^sc- tr^n^it ir .n «t;tlc» v!>ose
fpi?«-1 r>!•», .111 c.nlint; to A. !'•• l ir , is very s i tn i lar to that
of the f i r s t f / i r j i e . l stat*.'» of the nurlens at cround-
slaln defoliation .

This rhannel theory of f iss ion provides also ano-
ther int<rpretat ion of the number "( of fission exit
channels2^. This concept of "open" f iss ion channels
v.iS txptessid in terra of fission saddle-point configu-
rations vhich were energetically available . Their
number Mf is giv.'n by expression (?) * This expression
siir.ply roincs from the fact that the cnsenbte of nuclcons
finds itself in all allowd configurations (including
tin- N saddle-point ronfigtirations) once every period
T~ 2iiV < I>> . The l i fe tine Tf for fission is thus

T( ~ 271 VN(D> fron which the average fission width
and tq.(7) are then deduced •

Within the fiatncwork of the channel theory of
Bohr, an effective mur.ber of fission channels, called
(N,.(/)jtI , il. now defined for each spin and p a i i t y j" .
This jH.-r.ber (N'uj^j" is also expressed in terras of the
average f its it . i i width and spacing as in (2) , but, in .
addition, is equal to the sum of the penetr.ihilities Pj



(til i-.iih I !-.«{. HI . "'.ii-i-i I i l.<viii|-, '.,'in in'! j.'iily .1*5
C-'ili Pj is ,.,!,. il..l. . I !..i III.' I i- .- i.. ii !.,.ii in .. ...... -i,i-
I t . I villi DM' I i.i.i- il i ..i ..(.id i , 1 1. .is ;

J

It't n't ni-v * «..rifie If w ( '.<- (•! ' <!i« I i. i.s fl
liil.r ib...iy .in viiiiii.l in ill. < .!•..• 1. 1 l '''i'ii i •
rrf. vlii.li .in- I r f î i l y v- 1 1 1 1" - i ( i t.. I . '.'i.j; 1 1» ! I
J) ;nnl f..« .l.ifh !!,<• If... if. M ih.ii.ni-1 , . - . , • > ! I ii •,
V- IV ililfeiiti: f.-i | he t... [ • • • , • • 1 1. 1 1' j" v.ilui»
(.!'" - (I* ..«.I I') i.!l..ii,.,l in thi> c<.|.|i,ri- of V-
i.. ul !••'.« «»y "''pu , Vfi, i. •• 4 »»>•• lnv..*t J* • 0'
»i l ; ,n M..U- is • J.---...I 1 ir ..... f l .- lew I'"' neiilt.-n ••• (•.!-
Mlî.'il i - i u f j y q|( in •''•"I'll (il.;-, i'. in f.M I I'..- £i'.i.;n|
«l.ile .if il»' «..si.'»), C'M !i-»e-»l j" I* I i. ::•• ilii-n
(.1 ill- «.•! .«. In !.i- ,tN}i.-..-< i ir, 'ii.il- il ti.it !.. • n |-,..|ii-
l.ilnl I» !•<• ,i i».r.'.ii,,.t :i.» <.f tie I -.t> K*1 -••)" .u.il rt*1 "I
1,1 tiij-ii|e v ibi.il ions, .'i.il .it .in enr i t . t t ioa ii.'-ir.y <>!>u~
V» S .

tit»»
.i i,. ni-

I r.in-

Tin! i!i'.i us s îuii "f
blishul in ,» I'tiviiMi» |..-iji
Mi;-pl''"-''il''d I. y i.rw HMills . '>! linn) fui (-
«ml I 't.ly elui-.!.ii<il ill II»' "'Vil le-.iiM.imi-.!

i!.j'<( , .19 .ill ..... !y pu*
'lif-.iri/i-J l-i low .»i«l

pi n.Mllun
't.ly elui-.!

tin- li-.
M-n;iiii i-ft -It...-

e M url i i / . l i i i i is
iKsi.tii e>.ii fli,

.-u wi.llli ,I|M I i'..i| l.'il I. "l II..' ' I'll

. ;i« |.»l tin "Ilii'l l is-iil i- ii.ii-li-i, I. II-
«lue tn I lie smil l mit.'!i|.| *»f ,-iv.ii l.ilili*
ii'ii'l « .l.-fiiieil in terr* iif i be Bohr theii-

Pill, ill I. .

'
. .1.1 !.. M III .ill Sl'llil.'ll .li'.I I i',.1,1 j.MI.1, the

fur ' Tu »•!.. vs i.li-.uly .1 t.ri'.tV., i.-«.j>l.iiit«-.l by tl»<r
•• *i st «-IK i- of iwii f.i:i-ilii-s 'if ii-*.*i!i.»iM i*s li.ivinf, viilrly
iti f f t'ri'iit ;ivi i .>j;«» fi>»<,i(.u vi.itli v.ilii.;^ • Thi* iiiliTiiit.''
liliin is M.,'|. -i Ii il t.y Ilio ^i'in il- 1 rtv:i;..t if n (<<r a
l.i i l,i- ir.i '•< l of M ..'ii -IK-' 5, .15. rl.l.iiii- .1 by S.itli c!iii.cl
«iid ir.diicrt n-ihoil» . Tin- valut-* i>( !',.(f> 'or •*" "®*
«ml I* float tin» nvcr.if.c ujil'li-, .)nd t.p.iciii£:i of I tic
r«-4"!i.'iiri-< »n- ii".j«.( t ivi-ly ('vtl'o* " '•''' •""'
OVf|) |» * 0.07 . This is in .••(;( «ivn.i.nt vitli tin- Bohr
tl.i-.tiy if llu> < y iM--i>ci. of » I* Ir.'iioil ion f.t .If of
coll'Ttivp rli.n.irlcr is posluLili-il below tl.c ?-qn.isi-
p:iilirlc t-xcitat icmst.

The iliffin-nt !,yi:.i.-iry pn'pcrl !••< of tli<- Iran-
sitif.-n sl.-.n-s s.li .util IK- ri.fln li-il in Ibc fission pto-
pcitics of iht- 0* unit I* KT...II.IIMVS .

The n.iss <lii.li i!i. il ion of the fission pru.lui.tii
w.is nxiifurud by the "uli.-i-l ti-rhniqiie" using a nu'lf.ir
explosion a* a puls-itd-ii^iit roil irurre". Py r.iiliinhe-
l'iic.il i.n.ilyr. is, t'io v.'il Ii y-to peak ratio of the russ
distribution, or more cx.tclly the "^Cd/'9Mo tai io R
wa» i.|<t*in<>d f,.r nwic than twenty rc.'oti.ince* uitlicur-
gies ranging frc™ 15 to 8? t-V. Tbe R-v«lu^s *ftm to
f.ill into I to rat«goi ILS h.ivii.i; .•ivprage v.i)ii<:s of R in
ratio 3. S . High and low values of R are associated
r«*p«'Cl iv«'ly vith 0* and I* t.pin sl.iles, in «ctt-cmrnt
with tli<! tbeury. M»ri-i>vcr , l lie re is also a correlation
between the R values and the fission widths, at expec-
ted : the fiifion widths arc larger, un tin- ,wit;-gc for
tlie group of u-son.inrcs having bitli v.ilucs of R (Fis*
IO)/

Variations of the total kinetic energy of the
fission f r-n;.:.. nt s u> rt- c-bct-ived and they ran al»o be
correlated with the spin mates and the variations of
R in the w.iy predicted by theory of Bohr'* .

The briiavior of V , the average nuraber of prompt
neutrons per fission, ftotn rcson.r.re to resonance, h .is
been «.ore difficult to understand for quite 3 long tine.
The situai ion was very puzzling crvi-ral years ago when
the most complete set of data av.iil.iblc at that time
shoved definite variations in 7 , but in opposite di-
rection*'^''* . Moteov«>r, ll.i-*e variations could be
correlated with J, but in a different oannur ; the high
values of J> were associated with J1' "I* for one set
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I he Buhl t l i i ' i y . Fui .-lie i-.ise*' j| I » | si"

' i ' l i f y 11.1* l-!.-i|.*i.l rnl II* I .it il'll l.etwi'i-n ft .Hid

:.».liil.,t in,; t'..it, 1 1 gli-rl i'ij; vi ' i i 'si ly e l f . . I s ,
ii.ii l,..riiir ,|.. .-...I-i..i i (I with I be I4 11 .mil I ii-n
i.iiiis lii,1-i D..III fi-i j" •• u' -lit i be •-ly 10
• Tl.ifc i-i,ii|:y .it t f. lenre r.in lhe;n be fi'iii.d in
.,-. e in (In i»ii!.iliin .".,i|.y i,| l he tiisiun
• , In li. e ill a l.ill.el y V.line,A i . ' i f f» H-nl .il-

I.t l, nl I, >|,|,. II,. l «I

* I'.ii- ."••
|i:>!ly fi-'ind fur !
.,!.. v... This e f f e i t
».•!.;•• llm II) ll.C >

f ime the I* I len'it ion M.ile I» ... y • ••! l ir ,
r..''t I !r t..m liivfulnn I* i>.|ej|i'if nnd is .ic-

'"• I* »• si-n-inri-i!, .11 vi' "li< i lis-.ed
•-'..- '.I l.i- , .<i. .(..i.ii.'.l f.y .1 l..wer

e l l 1-. .11 !..!•. le - I I I ! . . l l . v l« . l I.I i'<A( )
.11 a /null ii. r. cf it.' fi.i,. .. ul :. r,s A| (|.).')/) ,

TI. is ci.r.fn" in» w.is mil iM- f. i j... Ic'l by other e>;.eii-
i:.. i.ls, (.il l ii. I i-iil n lillle l.ilit, r.iiue they ... MI lu-
ll. .(I In Hie r'i'.lii.re of f !u> lii.it in. *, but nut n.ll.l.i-
leil with Jw ')(<i1'>. The s-iiu-iljon b.is_!.(fn rl.iri/ieil by
iK'tt* ii-fritl rx-.iruri t» lit s <:/ if .md K •/ ,the r-i-.m T- iay
••iiiir.y ••titled pel f i ssii.ii*"»* ' .Tin- S.«- ! .y reMills*0

veie ..1,1 .lini'.l by us i up. .1 t<i|; ('..'(I I) C.I • I .. i.l.-.l li.|.ii.l
Slil.lill.ll.il I. M III.' .1. I.Tl i.MI Hi III. |.| ..... |'l II. Hi I..II-.

.mil ff.tyt I'lKllli*.! |.«.| li*--.i.i|it I. .MI;»' I f HI I ii.il i.iil'i .Hi1

..I".. I V.'.l ll.llll III ji .111,1 r"r .-H- ., ..,,!.. I vllll.-. Wllilll .l|.j.. .11

lu lu- «limiKly .ml ii ..| irl.il ril . Tliis I...IHI. Ih.il lni;li
valui-.i .in- i;i ii.'r.il ly .1 ..,.»• i.ii ed w i th li.w r j v.il'ii-» .
Tli.'M' il.it.l can lie bel ter unite I si "i-d il Ibey ale ploltid
.se j.. 1 1.» 1 1- 1 y fur the 0* and I* n-n , ..ii.'es vliith h.ive b. en
..n.ilyMil below 200 eV. Tin; f lmli it ii-m in £T ind K'J
v.ilui'S K.gilhtr wi th I lie .itit Knri'-l.-,! ii-n !.e|..,.. ii Ib.-sc
tvo <|ii.int *l ie» clearly .i;>j't'>*ii for the I* iefti.i*.inces
(s.'i- rig. 1 1) but aie r.,ifh le^s »igni f :'i .int fi.r the 0*
tetonanres. f.t ;.t ist i. .1! t e s t s applied In [!..-se data
confirm this i-fft-rt. Tin- {.inlabil ity lb.it the fliirtu.i-
licnr. in 27 and f^j .ire of purely M;itistu.il n.it me is
below 5.10"^ for the I4 re*<-r.'tices l.utjis laigf a} O.I
and 0.63 n-fpect ivi'ly for the i/ and V~( values of the
0* i«.sc.iiftncesj_ Also tl.e col relit inn mef f icifnt l.it-
vien V{ and tyi -,for a 5et of lest-r.rfiues i/ii; -0.84
and 0.07 respectively for the two sets of I' and 0*
resonances. There is respectively 7 1 and 11 2 proba-
bil i ty that thoffo two coi-l f ic ii-nt s c.tn hi* caiisi**! by
8l.ilislie.il f liKtii.it ions only .

A closer I'x.i*»! n.it ion of the data shows that the
fluctuations inï>;,n-l Î:Ç are larger for the I4 reso-
nances having smaller fission widths. This effect ap-
pears Mite clearly in Fig. 12 where both U and K-f arc
consistent with a linear d«pcndencc with I/ft*

An interprétation of this [hrmvieriun IMS !.. en put
f. in.-;. ul*' in terms of the (n.jf) reaction alre.idv con-
sidered in a wore g<-neral cculext4' . The viiith Iff far
the reaction (n, (!) is expected to be fairly small (a
few meV according In calculations*') and constant from
reson.incr to r«*onance since it corresponds to a u.iny-
ex!t-ch.inn<*l process. H Bay occur that, due to the
large fluctuations of t f discussed previously, lf(
becoir.es co:::;i.irable to ff for some reson.inr.es, nore
likely to have J* -I* rather than J11 "0* since

^4'Foi' these resonances, the (n, ~fl) process
with comparable probability with "direct fis-

sion", called (n,fd) in which the initial compound
nucleus deexcites directly by fission. Tliis_cii-npet it ion
explains the properties observed in U and tf . In the
(n,'o*f) reaction, more Ï rays and therefore I es- s neu-
trons are emilled because i) ~6 rays are emitted In-fore
sri*.*ion by the eo»pound nucleus which is thus It-sii
excited and ii) the final If -ray emission by the frag-
ments be- low their neutron emission threshold is
to both (n, }'f) and (n, f d) processes .

S
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<"'• e n i i f . y I', in "di ie i l Ijmioit"

- fl ii the n>',in ri»-i , .x uf il.e pri • » < l i M n n
f i . i y « e n l l l e d in iLi- (n, f ' l) re." t Ion

In the 11".'l'un es win rr the ( » , V f ) in.l ( n , f d) le . ir-
t ion* it i f .pt ' l i ' , ihe in-i l l inn .nul f i . iy y i e l > i * t .111* ,i'l
lu l l i -w» !

rY~ _ F~". A ..". l\, /.. ('!)

These oil. u l ; I i J y i e l i H : !nw a l inear v . i f i . i ; i . i i
w i t h l / |< wit ( « h i f ..«•ti.'.lly fou.id in Ihe r/j. i ri:- . t i t a l
results Ifr the 1* I - «.on.nti e-î, ï!n- J.!H ",'i.:,« :i<.n in f t i -
ta i i i ly 5 ' i e M i i t in Ih» JB " 0* HT.'M'.it.ccs lint is -"..i-'Vid
by their I .'if f in - inn width .

This Mens lo In' the f i t s ! pi ere of evidence for
the {« intend- of the (n, 11) te . irtinil which is also
rcnf i : iM-d I,y tin- fact that the ,ivi-r:i£e mi l l ip l i o ly
n~L of I lie fi' .Mnn If r.iys i-n.il led in the <""r« n-son-
«nct'S fti"--'f a l i i . ' . i r depiiidi-i itc w i t h l/p in the '..me
re»,nner as i7 awl K— "^ . *

Analyi i i s of the J» and f~f d.'ila, by a |e.«»f»s i iare

fit to the i >|-er in-i-iil nl v.ilui'S, in (Oi \ f . i i . l ent w i t h the
<onf.nv.il inn of the I'lii'igy for the '.iiin of Ihe prompt
neutron .mil f -r.iy y ie lds . This .oialyiis (-.ive-i the
fol I no-ing v.i I m- :

r . ~r~j - (4.6 J 0.4) x I01 eV? (JB - I 1 ) (15)

For the 0* rcsniiani'es(a s i m i l a r expression tan be de-
l l /ed t) Jf.li the (.In u.'ti.mnn is much less pronounced :

Py£ . e"y - (8.0 i 1.9) x I03 «V2 (j"" <0«) (16)

These values are in .tf.reei.u'nt vith tcunt calcula-
tions n/iVing cunvention.il <issu:ipl ions .ilniiit the fission
and f -ray deray uf compound nucleus Malt•»*" .

The existence and the influence of the (n,tff)
reaction for Iho 239pu (,-.st.!i.tiires seems lo be clearly
established and explains ixisl of the variations obser-
ved in 57 and F!~j . It explains olso the faft that no
resonances h«ve been ohsetved with a fission width
smaller th«n 4 ncV, which is wry close to the expected
value for Cff ,

%
After rénovai of the effect of the (n, TO I fait ion

in the ?39po resonances, one obtains for the neutron
and Y-ray yields and for the twn spin states :

(ÏT{(j)û« - (ï»fd>|« " 0.0130 i 0.0055 neutrons (17)

(Er«j)i+ • 10 i 10 keV (18)

This results in the following difference in the
excitation cr.«rgy K'f for the fission fragments and for
the two spin states :

(Ejf)0< - (Ej),« - 109 4 43 kcV (19)

It (-«ems therefore that there is a weak effect of
the fission exit channels on the pro-apt neutron and
possibly on the T-ray yields and also un the excita-
tion energy of the fission fragments •

Similar studies have bec-n carried out on U (rcf.
40) and Î4|pu (réf. 44) but show much snaller effects

In •.!' i..i»y, Hit* f.'''.i'i'ii l'i.iii'til lîiniy n| A, I'.i'lil
M ri.}', f.i-ni i .il ly vi 1 1 1 1 1 if in I In1 fi'f.iitii il.M.i, in |i.ii"
liiiil.it (' r ilu' i .IM' "I Ilic ' "l"'i (i 'ii. i) mi i « .I'i.li -HI
f. i i l ly vi'll liink-ii . A • ifiliil '.In.ly n| tin |.|.... ,.| li',
^i..ll in-ill n<n yii'lil-i Miipl ..... -:ilnl !iy MI.II n| tin |.i." ,.|
fi ' ' i"ii S i .)i, in ll'i1 •' |r'l'n » ..... «.ni. !••!, 1 1. it; il.iiiliiil
n '. I'r.'iiin vi'iiti w.in j'ti vioii'ily r.ulii r nmfu'.iiift . I lie
I lui tii.it îi.iif. in )' fli"'' ti'M'i",'iie lo ii .1111,1111:1.' '..-I in In
In- «in, '.ni t.y ttii< (n, (I) 1 1. 1. (it'll i .it !.. i tl..'n by the
I'lfifl of fis*ii'i'i ili.iiiitels •

4 - P. « •)! ! iij» I'ffrrf!. in _f i'.«i«n. (Ajijil ii .il inn in llu-
I i< ; iufi nl̂  7*"i'<i .11 Ji'w i m '[;/) "

h i i . . | . | . |r I l i i i ' f ) ' t'l l i s i . j i ' l l r.u'.l l . i l r i n l i i
ftrri'i iti l ii'il Hil ly thi' M . t l i i * ,tn| 'ei ' lft t rssi- i it i , t l |y | lie
p * i l » ' i i l i . i | i -ni-it ' . / * > ' i i f « i ' i * ,IK ,1 fun. I {mi uf i l i-f nii.i.11 inn
i I 'r i i l i ' i i . i l i b t>ul •>! 'i i In- . l y n . u i i . i l .M |.i 1 1 « k l i i i l i i in lu-
de in' l ' i . i l .11. 'I i l i ' i ' i n i ; v f f i i l s . In !'.. 1 1 inn 7, we
i!e».f l i! '«J the pri'M'itt k l i i l n * of tin- p c t i h l i / i l e in-tgy
muf.'ci' whirl) is lint» liicvn w i t h a l e l n l i v i - t y good ae-
i - t - ! r t c y , in lontr.'St lo the i1y:t->r,ic» of the pmn^s .
A iHM •>• •-.!'•!) i)f * i l i l i v . i f i . i i i-f C..H-, i ' . . i l i . i p,-i i «:•.!• 1er
fol f.|"'iil.'iii oil* f i s « ! " n , !Hi;;.i'*id lo In» n d i a K a l ir .lu-
l ing tJ.i' rri 'Sf ir-s "' ''"' '-"irier, !..n -Ir- .n ihe l i i r , i -
t . 't i i ' l is uf l')e i . i l i . i l . ' t ;i i . . i l ;i«'t!i"il. Rut i v i -n 1rs» i n
V ii. -vu .ihout «l.irpinr, »r v i s i u s i l y e f for t s vh i ih di-irri-
he I l in l O i i p l i i i g nf the f i s s i o n iw>ili> |o ntl i i -r ih(',n<'i.
of fc i . - . l . im . I t si-nut th.it >'. imping is T i i l e !.ii|-.r in
the f i r o t w e l l , r-ojei.it» in I he fci-it.nd b e l l , but veiy
l i t t l e is Vin ' . i i .ihoul lh« i l ir i j i i i .»; in t'..i- l . i s l |!,,!-,e,
i.e in the IÎ.-MCIU fro:i il.e ',.-ri-i,il t..,r)i!;,- j.^inl to
sciftion. This infoi -it ii-:i is r.rvt rthelr*« v»ry iin-
poiIrtiH for pred ic t ing t!i« erur^y sh»r«- '•/•tvri-n the
k i n e t i c <md i - x i l . i t i i > n ,>i,i'ii;i es of the f i i s i o n f i . i R -
im'iilK .iii.l then-fine iho punupl ni-utiim ei..iss inn . M.niy
i-inil r . i t l i i ' t*»! y .issui'ipt iiiiri h.ivi- lu-i'ii r > . i > l i - h i t b i - i i i Ihi-
Iwii f u t tnuiitf, ml ri'iw-!< : i ) l u l l iltripiiig in w h i i h al l
llic ,-i v.i i I .ili 1 1' i'iii-r>-,y al si i'.îiinit i<s ili-.- iji-il i il inlii
exci tât i<>n energy wi th n» prc*»ri!;s!on k i n e t i c «•m-rf.y
ii) ve. -i I. li.i'-.inB in vhirl i this .ivail.ibtc inorgy " , f -<jrs
alpKist tnini'li'lrly in the form of pre scif-s inn k i n r l i c
energy vitl .- -st i n t r i n s i c otit . i l ion of the fixi'cning
sysleui45!"'''-' . It is very d i f f i c u l t to f ind out from
the experimental l e fu l t s , vh.it type of d.inping actually
occurs in the descent to scission and how th i s dampinK
varies wi th e x c i t a t i o n cm tf,y . The fingtu'iit total « i -
netic em igy TKK for I lie low «-iieij;y f i : - , i c n of a i - t in i -
di'S shovs a linear del-tmli-ncc w i t h 7,2 A"'/3 over a wide
range of mass numbers * . Under sin.plc asi-uiiiptiuns, the
Conloii:'" energy V£ of the two fragments at *cissinn can
also shuw a linear di pi-mli-iic« w i t h /,' A~'/3 .

'c d
where :

- Z,- «nd 7,|2 »"* I'IC 'itomlc imnliers of the two
frataents

and - d is the distance of the two charge centers at
scission .

The Z A"'/' dependence, for a given fragnw-nt oass
ratio, can be derived I.y assuning that the distAnce d
is proportional to A*'-* . One then obtains :

••7
(?D

2 I /IThis linear dependence of Vc w i t h Z A ' i .mld
that, at scission, tlurc is no appreciahli*

kinet ic energy and that the total kinetic energy !K.f.
cones frca Coulomb repulsion only . This would tend to
favor the strong dating hypothesis. Nevertheless, this
simple picture is unrealistic as has been pointed out
alriady*'. In fact, at scission, the distance d depends
not only on A but also on Z . For higher Z values,



lin- tuNs i"ii mill ir.m.il inn I « i<l . i l ivcly c«ni' et'.it,,.ili''l,
Iht icft ' ic -il!l lin.', i Ci.uli !. in. i(.y . I i-joi-l «lii.i. i - t t"
rul.ili.ti.>*'' -how l!'..l i».e vi i i . i t inn "I V w i th /.'/A
..(Inilly 1 1.. I. -I,'. ..... | .vtl l .!. , »..„...••: fur Ilii li.i'.lilB
Z'/A f"l l.iic.r X*/A vili.i-* , ISii, ii'.'ii'.iii(', Ibis I i'.ie
tin' /rlii it .Mpiug I yj -I I.I-MS In .'||'ly, I '"' j'" " ••' !'•'' I""
Hurl ir oi.clr.y .i.Mt-i) |,i V(. ,;iy."i |»:i: v.iln,'), i-liiili .ill*
ill Ml III f . l i l ly I'.'""' .l,',H'ei->. Ml WJl l l ill)' I 'KjMMi ..... ll.ll

(«•Mill»*' •
Ti luiiy I ii-iioii <l.il,i i.-n,.| liclp «mill in t l u i f y -

llig llii« n j'li'X !•! I ii.il I <'» '.ii..c Itn'y inn In» i >|.|.tii.cd
t'|ii.illy well in li'iKi, of liilirr ur.iV il.ii .,• i m, ''" ur full

In '.pile of nul pi.iH 1 1»>. li i!|;e uf il.iv; in»; e f f e c t *
ill (be '.ist j'lw.se ul f i - ' i ' n , l.'t 11* ma.iinr I ••••> they
ran pi-') rf i"le !/y ii"','.u ii.(; i f f . AIM! J/ .!.i t .1 f.'i i.,ionla-
neons «ifiil in-ill i on* îiidui *'il f i ' .sion of sun;e t v« i. i-ven
nuclei . r.;>.'i i,)l -.1 1. lit ion is f-ivfn In Il.i' 7"'l'il rase
for wl.ii li (il, )' f) iliitii «ire .il'.n ci'iKi'iIi'ii'd'1' .

Il i .in !><• si i'ii in Fig. 13 lh.il, for n given cv« n-
rviii nucleus, i*KK is «yuler-iiii ally lilj.tti i Ici iheim.il»
nrution- tti'hti <»il f is»i.in l'i.il li.r jj-onlaitefiis f j ' s l r n •
Theief'.'ie, Hi'1 full 'I • ''i'i"B ' ""'lil i"n i* ii'it ti"t f»r
the r.i«i !» ploitrd in Kit;. 13 sin»»! I hi! ••»• ••*« R,, «f
«•ci tat ion ' . • • ' fBy for ««-utn.. i-i.lnied f i>si , .n i;, f.ivind,
at teist p.'iti.illy, in the It'iK of t i 'nct i r •<>•'>"/ . Put
tin- iiiff.-i. r.. •• fyitt: in T'»F. is l<».s lh.»n f. M. V (the
.i;ij> roxinr.il i' v.i In'' of !!„ fur i;urh nuclei), irplyin; Ili.it
ftiittu.' li.ii-vtnf, t .i« iK*v*'rltti« t« «.«; «ifcur whii'U c;tif>i'S the
n-st <Sn •• ^j.:c) "I I'.'1 i «i-iliit inn i.ni'iK.y I» ..i>|'i'*i in
Iliu It in «I t!i;..'.i|>.il Sun . This is .nit ".illy i . f l . i l . -" ! in
|.ro!.'i'l 'in til inn «"liffinn siiiti1 t'i«- /I-v.llin'«, -is (ijnllt-d
in Pit;.'*. •'»' «)'!•' "lit i > i l ly liii-tii-r fof Hi. iu.il iu-u-
I riïu- i iMÎnf cil fisf.ion llt^n foi î.;iiiiit.'it*i:oiiiî lif>ion ( in
agrriirnt w i t h ii't iial.1 < l'ion llii-«<' KS' i l t* , il would
si'fln t li.il M.'l.T.il'' il.i'i.;. inc. i-iiild "JiJ'ly to I III' li'W-
cncrgy flK^ii'ii i>f I'vi'n-rvt'ii «irl iiiiilcs •

A clr.srr i*x.i:'ii nation i*f !u-utri>n*iii'liici'd-f ip-sion
for a wid« i.tnge of nrution iiHT|;i«'5 En (lu I ou the
thfi'Sliultl ft'l si-roml rli.i:>ci- fi'.".i<ii>) r.ui lurl|i to (now
t.Pltrr kh.it f i. ii lion of Hii' iiirn-jsc in (xi i l . i t ion
oncrcy k* of tliC fi&r.io»inf, mu-li'iis £or« into fr..y-'i"
i'x<-it..t ion .i:id |>cw tin's fi.-irtion varie* vith^K** . M^ny
«tudii!» haw l.i'tn uarfc oil ll.i variation of " uith Kn
for a t" '1l v.irii-ty of art iniik-i^' . An i 1 li:M i.ilion
of thi» J» cnf-rsy li.-j.itnJfnci' for 2'"ptl js givc-n in
Fig. IS -ri(tc il run be s.'i'n that p increases lin.-.irly
with Kn . No ;it li-ntion in ;.ii<S lint to thr iJtt.iiU of
the ''ntrf.y liopcndcnce, in paitirular to the fine struc-
turt- vtiich r.ay fxist at low in«'if,y, hut ralh«r the
grors li«'tiavior of j7 Vi-rius Kn is considered . Tliote
irsulls sliuw that thu i-xf i t a t ! on onrrgy of the fission
fragments ini'io.isK s at a fast rate as a fonction of the
rxritation iM.i'if.y t* . If this c-ffort, |.iob.il.ly due to
dan:ji!ng , is sii|>pospd to hi* |iifsvnt in the s.i:ie i'..ini>i-r
for all excitation I'lu'itio» l.i'luu Sn, the linr.ir varia-
tion of J> uith Kn can he rxli-iiiVd il-'vn to rrro-rxci-
tation I'lM-if.y tu obtain tin* i-xl r.i|>olaled value of

(called ï*,.xt) '
or si'unt.iiiri'iis fission. Comii.irifvon

of ox! ra^pol.iti'd and r.:n.<ur>'d values of S for ' ^Pu
spont AIICOUR fin«ion sh'iws that tin.* first one is _l_owiMr
than the si-rnml one (Fig. IS). This effect is found for
atl i'VOtv-1'Vi'H .ictini.ii-s fur vhich rrlcv.int ~V data are
availaMe (rig. 14) . Therefore, it seexs that the
A count of damping wjuld tii-crtase for excitation ener-
gies soaewhat t>elow Sn .

Ir is possible to por&uo further this type of in-
vestigation for the low- energy fission of ?4"l'u since
a fairly larce amount ol experimental results are avai-
lable on the properties of the fission frani-xMils and
their variation with excitation encrRy*'* ' . The va-
riation of the total Vine-tic energy Vf£ for^the frag-
oents emitted in the low-enngy fission of «-*"Pu* is

j.lntleil in rift .!*» vlijcll in* Inilr». .f-'lt.! f'.| I lie •.j-'.nta-
fti'-it*. f|'.*>i''ll ».f ' t! ie »;l'Uii.t '.l.ile (*î.S) , I I.e /« lis ; *vij-
i - i lr M .tie (I,S), In the ' '•' Pu I Inn.il in ni inn :i.'lined
f!" i'ii end f'»l il.e '1''l'u (d,p f) ie..rlinn. Al'.o, I In-
v.iii.il (fit it! I./»».* i'' I'l'' lin'lir >i.ir|;y •"»: of 11» lii,-
». ii"i fi.'i.'.nl» .is .1 f'mi I ion n| i». il.tli,.11 iinii.y I.* is
(.lull e.l in l'i|;. Hi loi sev.lill |l.li.ii|'S nl I I I,M.«-II| I'M-,.,
l.ilii'ii fl.'ii'ovi'i HH* i»ei t»;i' I'.i-.'. «,'f*| ^ nl llii' In .ivy
|.|ji'i.iiy I i 's i 'ii 11,1,,1'ifiil K is plolled .ni .1 Inni I ii.n n|
r.* in I'iK. II .

r*''iii>iii''il ion of thise d.ila M'l-itis to t't »'ft>nsl i .ite the
enisfi ine of lw,-> types nl fi'.lii.n , Tlie f i ist nne (tai-
led IVj.ff 1) inrlu'le* the d'.S .Mt.l I.S »p i-il ineinis fi"'il<in
end ''''•'fa (d,p f) n... lion .it f." • i.'.f.'VV arid foi the
fi'i». i-r'it» eiiilted .it .111 .V'Klc O • 0* I'-Lilive lo Ihe
lei-oll ..«is of the ;""°Pu i, ,.-«ii,«t nu. l eus . A 700 S : > V
wide r.-M-iis,,».. j-i-ptais .it ».*» *.<•<* X>-V in the .n,i'...t n.jiy
.)..!.l .ind is int. j;<n led .is l.rii.e iltie lu .1 vi!.i.it !nn.i|
I tvel in the 2nd u.-ll of Ihe ?/1"l'M •l.hil'le-iMittjj.'d fi'ir.i.tn
(..ttlier. T'.e M»..nd one (tailed type II) rc fc i * In .ill
other '"Pu (d, p f) results .i:id to Ilic '3'pu (n,l)
n.irlion ii.il.neil by |heiri.i| niult'.iis .

In lh« f ission nf type I, the kinetic enen-y TKÎ
ii.cie.iM.s lit.i.uly as .1 fniullnn of K* with a slop" of
.iVi'lit • I . Ihif. -... :,i;S tint yr»cl ic^lly ;. 1! the f":it.l-
tioii ei,.|j>.y K* is fo'u.d .is .in im-»•:.»»«• of the Vit.. 'tic
. i.. i I.y of tltf f iss ion f i .i,,i.,.-nt s and this holds for all
type', ul f ingi'eiit.il inns (Fig.16) . the .'iveuige ti.ms

{>'>() >f' ''"' -•"'"' '"r Ihe time fi'.sion ii'.iel i.>iio of
lbi« type . This r.ti»ii);ly sii,;j'.esis thai il.ifr.pii>(', if ji»c-
sent, f.isl be very tr..ill .ind the ft!.'ion of ly«<e I m.iy
veiy well he an i Must i.it inn of ».>.;•< 11 Iniil i:<itiou .il-
le.nly « i.vi i-.i^cd''' in whit:h the nurleons »e>.:,iin «oit|i|i'd
by the j'.iitinK f on e .ill Ihe k.iy lo f-ciscion. In Iliis
hyjNiihi ». is, no ii.trinsir etcil.it ion ort-rt s in the do-
si en! to M irsion and the .iv-ii table energy at tl.-tl point
then ajpe.irs .is prr••.< ission kinetic eneigy . A l l in-
crease in Li is then fount) entirety :is .in im're.ise in
pte scission kinetic em ri;y and Iherefuie in fix since
the Coulo-il. eneigy tines not change with h* in this pic-
luie. This applies lo .ill types of fr.igncnt.it ion since
all fiMlon pioperlies hut the kinetic eneigy do not
vary K* . The expetivcnuil results obtained for fission
of the type I ate consistent with this Miptrfluid notion
of Ihu fit sioning system .

In the ftsjjon of type II, on the contrary, the
kiinlic energy TKE df;creases_ linearly as a function of
E*wilh a slope of aKJïit'^Ô.A) . This is consistent with
the increase of Î7 with K' observed above Sn .Neverthe-
less the energy balance in fission calculated with these
data leads to a fairly large value < sj > of the avt.-r*ge
n.M.tion sip,rat ion energy in the fission fragments
(Sj «ar 8.3 MeV) . The type of f rataient at ion is diffe-
rent from that of type I since O»,| ^ likes a different
value (Fig. I?) . Tin-re does not s»-em tit be_a_!i.il isfa»:-
lory interpretation of such a behavior of ÏKK wi th
and K* . Several explanat ions h.ive been piopnMoil in
terms cither nf d/miping or variation in Mifluesx nl the
fission fragiwnts with K*.*8 In the f i ist ra«f, tin.»
coupling of the fission imidc to the other degrees of
freedom reduces the pic-scission kinetic energy and
induces intrinsic excitations which lead to a fjrc.iler
excitation^of the fission fragments, hence lo an in-
crease in A/ ,47 In the second case, the greater excita-
tion energy reduces the stiffness of the nascent frag-
ments which then bccoue softer to deform. At scission
they arc more elongated and the increase in the distan-
ce d between their charge centers decreases the Coulonb
energy^,53% jn these interpretations, shell effects
seen to play an important role in agreement vith the
experimental results since the rate of decrease dfcg/db*
of the kinetic «nurgy Eg vith increasing K'sttongly de-
pends on the fragment mass ratio (Fig.16) .



Tin' «'i'.Knii ill tln"><> |w> ly|.r« •>( lit'fi'ii li>l*
vîii»; tiî tf ri. ni v.. i i.,i I.,,,, ,,| ,Vl: .•„.,( }.,' i/jth <«MI. it !<>n
• ti.'H.y '...f..s juM If •<••) f t , - ; !!„... , ,.„ , (»., , ;( . , ) ,!.,!;, .,!.,)
h. i» In In* l , i ( i n ii-.ii) ,n i'n uni f i > i I 'it* I'll .ti r| (..ri nf «.i"»!*
f i x i i - H I U'j.< i l I' * > ti* li .1*. l!ii- j - i i . j.| i n u l i M i i i » i » . s l < n .
Fl*l!l ( III* i l l «.I'll «'• Î Oil I'lrM rf I «I .t! ' VI', it *lo«'S II'.'! M'l'flt
l i - l l l ' l f to ..M.I .),* Ilii1 ».«",*• ,4-.'.l:nl ill lt.i<-.y{ii^ j ft | J*.^ion
ft'l n i l •••' i l . i l ii'it i HI i i . i . ' i , *,! « i ; i'>|> fn"« t!'« |,t»unii
h l r f l r , I» | ..rl i < nl..i , i l it . M ' . . ' i i ly i in-:,. ..'I» tu !•<-
I l '("it all* rfl lii;;t.i-r ii»-!,;y l î . c / 'ur 1f-k 'l.it.i . 'Miiim-d
tut •.;•< ni AI,. mi» Mini l l i r l i . i l unit n n i i i i tui r«l f ! v * > i n n ,

til Ulir. ,.,!•/, ll.lmf,!| Dlir l|'."! n!.ill.li!l|-, of tin- fi".-

«Ion |» r <*«•»* !,n t i « - i i f l y j;t.-.ttly iiyr<-v<"l, /I («-li . iMe
lî*-!. Jo n l lmry iWs i.ol yi I r x l i t ; •«• .iif f..r f u m
«..•..,•!• I. ly un,), i «.(.>;••! ing t l i l i v i - t y ..... ji|e« il--i ..... -.ion
and / t i r > n «->ilriil .»l ing .n nu*.» e|y .ill i t » |>r<<|><>M if* •

Fission t.ill ii-ra t-.nl be i,iti ul;it*:>l *> i t h A i;i,uii
AM' tna ty tiy u';Î!i>ï tli<* 5t t u t ii isVy ii.*i r i»Mi 'pic -;'•(< i«'!»ft>*
;>ic aj-;iti'.T li . I'm.' fii.i'I.i-.u-iil .il H i i l i - i - !'••( V .1; ; i"-,fl.«'s
me «l!.o p.-iV.ln|>, «if.id j'li'»;ri ««, T'u- i!»utili • Imrju-il li»r-
t i r i fli.ij"'» w),i.li ,iii- i.'.|;)ii—i| l»< Ilif ,11-1 i i)i i!fs 1-411
fx | i l<i in i,i!iy {•••)•••<• i t i'l li':..'on. -ni->nf, llii-m ^ri" f l ^ s i u n
i*toi:<crt «tinl inl i r"-»-»li.iti- «t r r - r lu i r* in f i s h i n n t r i . t^s
g f f f ions «

In rrnl i.isl to tin- s i . i i i , i , (l.c f i s ' i o n ilyn.wjrs
vliirll i i i i l i i ' l i 'h i n i ' i l i . i l .nul iLi-rj- i i iR <•( f f i ' l H is very
|n>|i|1y I ii" wo . A l t r i u j i l K l i > i - i l i n l . i l r l i f r - l i i . i r (or
j^r»"iii*l s l f i l i * s|'M»l iiiiiMuH l i n n i i t n w i t h :i I'lU'ri"*!'*!!!!!*
<l|-J'iV;n li li'ivv nSi-vn t in* I i n - S i . i i i»n-i "I 1 1»' nu'lliiul ,
r i ^ > i « i M * f**s» *iri I i i i i iH ;ilr H l i l l i N i r i * i l i l l i i i f l l l i i nli"
l . i in nil .1 finiil I'wntrtl I I . K Î H , N'I v i -r l l i i ' l r t i , ,i|'|'i M« ii*il r
Vifli'i'H «viii In* *»!il «iiM'il, not fti»>* jMin* tliriiry, lull ffiiw
*ti:h|>l(* imtiti'lK li.iviiv. }i.n.ii'H*l t'l'd ;iilju<tt i>tl In Ki'l« (r!<>il
AV»ii lillili* f i . s* iM/ l i tl.ilji • Tlii* l i i i s i n n rli.intit'l llii.'oiy ol
A, Bohr, c,«'nri.illy vci i f ic ' i l i'»|HTircn( « i l ly , is widely
iiM't! in MJi'li ral c'ul«>t i i i f i t t* A s i p i l f l i * s i l i M i l i t m «t/rt'ift to
Tl'ly fllsi' for ultiiT f i c o i n n pio|>i-rl i i-s mrti .is ;>i<mpt
ixution criissicn. Coin-ct t ri'.K^"iit of lliv siil'jvct
ri.-qiiir<-s Ilit- kmt'Ioigf of i!.i:..p!ng r f f i - c i s in tin* ilt-s-
ctnt from tlic M'I i.rul i.ij.lli' |'i,int to sc iss ion. At |<re~
«ml one- r.Atinot l>'il spfculati- ni surh «-ff'icts ltiouc.fi
new data on f i r ^ i n n fraijiiiotit V i t i i - t i c ••«.•rf.y .mJ \ rwpt
ni'iilion riiiisf.i<in « lart to throv si.iw l ight 0,1 th is dif-
f icult .i^pect of f i » > i o a . A tain i in this case, tir^lc
twjo'i'ls can be u&i'd to predict j7-v.il"(-s wlicn they «re
not tr.c.isuri-il, provided that the (node I |>ar^a,';l«rs «-njilo-
ypd in the calculai ions ate nJjuM.-d on rr l ia t ln f ission
d*ta . But, it IM* been slinwn that llicse data K.JSC be
used vith Erciit c»re he fore bring introduced in .the
c.ilctilal ions .

It is worth noting .it t l i i» point, that damping
cffi'cts are studied not only in fission I"H .tUo in
heavy-ion inJucvd ro.irtions and •' lot of information
on nucli m.Tltors is t-xpcctt-d in the few years to rone
when the nev heavy- (on accelerators, now uii'It-r cons-
truction, w i l l be put into operation .
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Physics and CV:-.istry of fission (Proci'fdings of I
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Fig. I
iiripiMl fisftiini I'.irrii-r (snliil 1 ini') rc.iultin|>

from (hell-enorgy rorri'ction.s to th« l.U bairier (dash-
ed line)

Fie. 2
Hcclinn!CM of inttfinitiate structure in subthreshold
fissiim cross sort inns . Cliislrrs appear in the fis-
Kiim cross tccticn ulu>n etu-rgy, spin nnd parity of a
rlass-II stnti- iu.itch thuKe of tlie class-1 résonances
(at fust tua Jn values are possible (or "s" wave neu-
tron») . Tlic fission width» are ilr.iwn at the ciu-rcy of
llic respective levels for clnss-II states (diagran A)
and for the observed resonances (diagram B) .
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in thin cluf,ti-i is .lue to J - J t<-:.*,,*i:<i-*'J(>.

rir.. 5
The calculated «Icfotir.il ion fiinrr.y of ' P u vrrtwi t)i«
two synrwtrie A-foim.ition» e(otc>nr,.itic.n) and h (cim«-
tiiction) is i>1ii>vn MK a contour plot. Contour intervals
are I !VV. Tlif |>tujvrlion of tlii- Irast oction linjfrlo-
ry into Ilic- «.yirwliic kiilmiinri* (c,li) in ulmwn I.y tlie
thill, noli «I lino. Hole l>i« ili 11 H-JI/MH y tx-tui'fii tl'O «1.1-
tir •iml ily"'i"'i>.il
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rip.. 6
Thfnretic.il (•) i.n.J t-xpcriru-ntal (•) h.ilf-|ivi-s (in
yi'-irs) for I'.ri'uml-Kt.itc spnnt.ini'fus (is.-,ion |>lut!>.•<!
vcrsut Z2/A (n?t.76). 'Die |>iiian«l«ri«i)t ion of tin- fU-
sinnaSilily par.in<ctrr for p.icli n«t of isotopes in c.ivvn
in '". A I-.iiline ittoiip.lli propoition<il to tin- «urf.ice
ari'n of the «Icforwil nucleus in .insuiwd in tlic calcula'
tions.

Tie. 7
Real «nd imaginary parts of tlie potential, as a function
of deformation «, used in the cross section calrulationo
described in the trxt and in ?'. The r«al part V(&) re-
presents tlie double-liinr.p«d fission barrier obtained by
«noothly joining three paraboles. The in aginary part is
supposed to be parabolic with maximum Um in the second
veil. Full absorption is nssutied in the first well.
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f'ÎK. 8 - Fisjii.m «ross HT lions of U , Pu .1111)
î"»l*u as a fi»»'II on »f neuf ton «n«'igy K,. <.ilrul iled
vilh II..- t.iln.J <t.'*i-t <t«'il in 7'*(M.lid 11 «••«). Tlw- n-fc-
lenri-s fur lin' « >.)•!•! ii.••'!(.il d.it.i air KI'VIII in " .

KIR. 9 - C,i.(i,i.- ir«KS M-ilioiK of ?"'ll, *"% .»i.d ""'"pu
e» a fimrliori »l nriitron ini-i);y Klt c.ilr>il.it.'il vilh thé
n-ethml d-sri il-, il in" (»i>li>i liln-s^. Thn il fcfiin s for
the 4'>j:i-i;-'-.,'inal .!.it,i al.' givi-n in/' .Thu lines-,-
com: front !:.!)( I'./111 .
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Fig. 12
The pipapl-nrulron and -tay yieli!» (rt«|H-ctîv«.)
tf ) ate pint! i-il a* .1 function of J/fJ f»' tl«« 2j'l''i re—
snnanci'S having J "I* nnd Analysed tn-low 200 eV m ulrnn
fncrj;y, to ilc». >nst inlr the «-ffi-rt of !ln- (n,"J f)f.irt inn
(irf.40) . 'flu- sut id liiH-s an- li-;isl-w|iuiri'H fil h lu
tin- iliiltt .

I-ÎK. n _
Comparison of lhi> total Hiu-tic mcrgy TKK nf (lit1 fr«K"
lacnts for tin- grimnil s ta te »ji"ntiinci»is fission (a) the
thutaal-noution-induccd fission (o) of some i'Vcn-ov«-n
nuclei. The t«f«-i<nces for these data can be found in
**»**. Tlic solid line is a fit to the available data".
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iin^- ofn - z . * o f the finfir..'nt k inet ic enflgy Ej; with

«xritatiun i-Mcrgy B* of t lm f i v r f n u i n K nucleus fu
for various giuupt of the r-is»'*:?;( of tl". luavy f t »

(ief.48) . This v.ir$at iuii«fCx ha» been

plotted for the two tyj..-s of fi:.>ion (f and II) dis-
cutted in the text. Prfcirnce» fur the «I.ita «lotted in
thil figure can be found

I •'«•¥!
Fig. 17

Plot of the uvfrafF »••«** ̂ '•'iiV of the heavy ptiwry
frae»..-iit« « - t . i t t»d in the f i t&io t i of 2*°ru as .1 fi;, ,rticn
of i x r i l A t i o n i-m-rc.y K* (rot. '.S). Hole the i l i f l i - t .nce
in^*r^,> for the tvo typis of f i s s ion disvussfil in I lie-
to «t .


