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Abstract
The viderstanding of the {iszion process has nade preat progress tecently, a5 a resule of the cal-
celation af fiwsiou barviers, aving the Strutinsty prescription | DeahdesTnaged shajees vare chiained for

nuclei $n the actinide regfon o Soch shepes conld explain, in a coliezentl rander, sany differenl shenngena 1
s, stinclute in pear-theeshold fission cress secticns, intereediate structure jn subthreshald
sertions and auiecteapy in the eeission of the fissien frageents o A brief teviee of fission

Cfisnion is
fizzion cn

33

barrier caiculations and zelovant sxperimental data is presented, Caleubatiens of fission croess sec-
tions, uring deable=lueped bareicr shapes and figsiot rhannel properties, as chtaio-d from the data dis-
cussed previously, are piven for some ¥ and ¥u i%—n:npoﬁ .

The firgien channel theery of Ao Hohe has greatly influcnecd the study of lew=energy [iscion JHovever,

recont isvestipation of the yields of prevpt meutrens and Vrays enitted in the sesonances of 7

E'U and ?39Pn,

tugether uvith the spin detetaination for many resorances of these twa racled cacuot be saplained parely in
terms of the Rohy thepry « Variation in the pronpt pemiten and v -ray yields fiom 16sonande te qreonatce dees
et scem 2o be due (o swach fission chatnels, as was thought previously, Wmt to the effeel of the (n, y )

teagtion

The norhier of prompt fiesion newtrens apd the Linetic enorgy of the figsion fragmuts wie affucled by
the excrgy belanee and damping or viscesity effeets in the last stage of the fiszion process, from saddle
point to seissiown . These ol fects ave discussed {or some nuclei, especially for 280py |

1 - lrllu_nluq‘!iun

The desipn of noctear reactors, espeeiatly for the
fast breeders, tequites the bnevhedpe of a4 great varje-
Ly ol awceutate fission data @ awong them are 1) the
actitran=indoecal react tony far the fuel edenweants amd for
the transuranic hoclei formand doring the eperation af
the reactor §i) the avesage nuwber v, and the spectrom
of the perpt scutrens which are enilted por fission
These data are eften needed over a wide vange of inci-
dent newtron crergies (for example from thermal encepy
to 20 HeV) and soetines with an accuracy egual to or
better thon 3 1 . It is obvious that such data cannot
be ohtained from the nuclear theory nf a very complex
phepomenon which is por very vell bnown yet, despite
extensive studies carried out for moare than 3% years .
Thegrfore, most of the accurate [ission data come from
eeasurements supplepented by evaluation . Kut fission
theory plays an irportant role , 1t is esseutial, in-
deed, to lave a geod undertstanding of the fission proc=
ess in order to bnow vhat the available fission data
actuvally pean and to treat them adequately . For exam-
ple, the intermediate strueture affect in some sube-
threshold fissien cross sections has changed completely
the picture previcusly arcepted nf statistical proper-
ties of fission resonance parameters . This effect had
not heen uvnderstoed wotil double-humped {ission Larrier
shiepes were obtained In Strutinsky's caleulatieons and a
new fission mechanisim vas preposed LAlso, calewlations
based on reliable {ission models, hence on fission the=
o1y, ate needed to provide good evaluated fission data
not only by fitting ¢he experimental data but also and
mainly by interpolating and extrapelating the known
data to energy regions andfor to nuelel whore no exper-
imental results are availalle vet . Thiz type of “model
calculations” is more and mave used by the evaluators
and pwst be based on pood fission theory .

Ao extensive and detailed assessment of the contri-
bution of fission throry to Fission data is larpely
beyond the scope of this paper . Rather, wve shall foeus
our attention on seme aspects of the fission process
vhich may be useful for obtaining or wnderstanding va=
rious fission data . This explains the feilowipp orga-
nization of the talk ¢ T

= Fiscion barriers (siatic and dynamjcal aspeuts) .

- Fission channe) theory of Hohr .Application to the
239Pu resonances . The (n, Y ) ieaction .

= Damping cffuets o+ Appliration to the fissian of 280y,

at lov crergy . .

2 - Fission barrices

2.8 - The finsion barrier of o pmeleas isoaleteiminl
Froem 1l Spscteadpe of Uhe sl tidimensional potont fad
envryy sueface over o wide renpe of ddeTarmitions, Jrom
the ground state tu svission threugh the waldle point
This potential enerpy canoot yet be caloalated arcura~
tely by Tsnfamental methods o Theuph Shiryree-Fock neth-
ads are making rapid progress fur Lhe tieatment of
largely deforined nuclear systems! |, Lhey cannnt be wsed
at preseit to ealentate fissicn Yarcicrs with « good
precision . The rrst telizble twthod eensists in wsing
the phencmenolegical prescription of Stirutinshy? in
which the toral enerpy Els] of the nuelvar system at a
pivew deformation §st is obtained by addiug to the
iquid drop eneigy £ ¢ {5} 3 a sl encrpy correc~

tion HE h ({s[) which takes into aecount the bunching
5

of the singla—particle levels oear cthe Fermi surface @

Eoqsly “Ep tlsid e 0E, (s}

Several groups are actively cupaged in such mac-
roscopicemicrescopic calculations in vhich the currec-
tien NE_ Ls] ) is obtained By nsing different

types of shell=mndel Eotuntinls s Harmonie oscilla-
wer?sd | Woads-Sanon® | folded Yukawa® | fwo=cuntre
potentialsle /P | These caleuiations give fission bar-
rier shapes vith tvo lumps for nuclei in the sctinide
repion, as is illustrated in Fig.,) . Such barrier
shapes can explain in a coherent ranner rany different
asgectyol the fission phensmenon vhich were discovercd
indcpendently one from another, for exawple 1 fission
isomers, intermediate structure in subthreshold fis-
sion crosg sections, struetute in neav-threshold (is=
siun cross sections, angular distcibution of the fins-
siap {ragments . This subject has been (reated already
in several review papers®,10.11,

2.8 ~ Let us sum up the main aspueets of the situation,
Atout 45 figsion isomves Dave beun identified in nuelei
from U through €f jsotopes with half=lives betwvern

- 4 . -
5007 5. 2w and 1107 6, ¢ 2w
The subaanasccond time regien has been explored for
even~even U and Cm fissiun isomers using a gevueirical

magnifying effect in the fission—in-flight rethod!d |

. Ko doubr that other fission {somers having shorter

lifertimes and formed with lover isomeric ratios could
be observed using inproved technigues . Streng odd-

Teven effects in the 1ife-tiwe values, sometimes as

large as 103 in ratio, are ohscrved for mast of Lhe -
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on the spia and pority 1Y of the tiaslon fsetors in g
bivwddy svarie o Fodioation en the 17 wuleovs for som
we of thea dn obtudned from e angataor dicteitad ioos
of Che & dvattopy of the fianion Doy wnt sl 0y .
Wlguous BN values e vety diffionlt ta deteiedine
since 1} «everal corbindt dong of 1o FEoquanton e
boos can FIL Char abtadi§) 41 % pot wore thet valbi aof
EoIne the uwfoar systen is comnpeiced when vteriing

the waiter barcier and i3} the dnitial aligoweut ol the
cutpound tueleus formed Yy the pestion ean be modi-
ficd by neutrons and ¥ rage eindited before the fore
matfon of the shape Jserer and alan by the jeatuthas
tion brought abwart by extra noctiar ficlds ,
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The Enteraediate structure jn snbtbrestold fin-
siun rrass sectirns has Leen oheorved for seviral non-
fiskile ivotepea (o roview of the snbiect in given in?)
This ghenureaon bas bova interpreted as bring doe to
the enistenvr of conppued nuclens states {a the second
vell of the dadde-hitped fission barrivr (rlase-11
states)® as i idtustrated in Fig.2 . The fine struc-
ture of the narrov tesensnces due to the coxpound ny=
cleus stotes in 1he Tirat well (clavsel states) o
then radulated by the coupling of these states to the
fission exit eluatnels thacugh the clasa=11 states ac=
ting as intercodiate ntates . According to this propos
sed mechanisam, all the large [ission restnancis be-
Yonging to a piven cinster swhould have the saoe spin,
that of the lass-11 state gesponsible fiad their en=
hanced fispion width , Thia tias been verified experi=
veatally for 23%p where the foteitediate stiucture
effect i3 quite pronmuuted?? and vhere the "s" vave
tesonaners can have tue J values (3+2 aid 3) « An un=
arbiguous evperivent using pelarired revttons and a
polrrized ?35p tarpet, clearly dowonstrates thit the
fission conttibution in the fiTet cluster at 40 &V
toces esnentially from ene spin state (J+3) (Ser Yig,
D0 | This nechanism also prodicts that, in a given
clunter, the Targe fission rescsances shonld have their
fisrion widths distributed, on the average, aling a
lorentzian, as a function of incident neutron ecergy o
In addition Lo this seouth behevier these fission
vidths should eabibit=Poster-Theas fluctuatison , Sueh
a distribution is actvally observed jn prerently avai-
1able data%i2l ,

Analygis ef availabdbla fieafon data relevant to an
interpretation in terwes of the deyble-tbuged barrier
can yietd {nforuation on barvricr paraseters such as
the heights of the twe rariua and of the setond oini-
ok relative Lo the curtpy of the piound stete o Cows
parison of such “experiinntal® ficuion tarrier para-
reters with calculated values shows in geteral, good
overall apreesont but with a few areas of discrspan-
cies 3 for fnstance, In the Th regfon | the £ asured
inner barrier is definitely higher than a1 values pb=
tained from calcutations¥ . ‘

Ather debenacfing it i fragest h;.uh- i the
el iy Lot sl Wy Di i wiog e boat as
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R ITR fi afort fu an ~'»¥""l'lfi'! X g anf.ol fon tag el
b ioedin savepl fer the Fiphar vov sy wlene g it al
S TR RS INN PR T T P PRI AR FRVRES Y F Wi
foi vepte] el Wl for PP whiin by e e e pis b
wpre i fea,  ttatlon naly O pitation of fea, ont
Pk Tt il oy Loeg bhe witingds o steaa atue that,
Pt e at i toans of Bhie d5asbond o e lous, the
Toatitig side el Pl fuavy fropeont jouk toive ey ntas
Bl (openaned 2050 4 S-42) wherwan the 1l frigrent
prob s e tederd L5t matses L Thoce festuras zoam
v ted o whaedl et feets bar e st f o tory saplas
i ool e paevited Yefope eetinngge caliabar o ne
Fug ae'sd ool pyvenn sbefopat jon pard ctern, dsing the
Shaotinedy presoription, coald be availabile o An i1 1un-
teataen of cadentatiins o dhin type in rhieen Ly 1 Ay
in Fig B L wetn B0 san be sean that wegacetry in the
finndom fragrent yia tds in Ippte it io the potential
ewapy st ot dinnion o A glouer eoamiealion of the
pivture intjcaton that sen by in (e i lear cystem
alweady wppeatt ab Uhe secand saddle paint, bdaeen the
wlere o desble viltey wtaans
Pt v g defortat jon us
Che oheld arent tace wof Phe e eal Soapsomts playa o
m e Bagettant role due o A wetr prossuncad ek ings
in o Cooparisen of aapetisestal wass Jintribut jeng
with thase ghtaited from ruch cabiulotjons sy qua~
Jitative ageverent . in i-.utirulnr.‘ it §s of intetenr
to note thar, for 1ight artinides (hacy, the thyvs-
hedd for eyscatric Fiscion appeirs a fow MoV higher
than that Tor asyuetric fissic s Mevertheless, a
aquant itative account of the vapotinental rosults cans
ool b obtained frum the theory yot 12 ocpecialbty sinee
there patentiasl vowtpy calenlations shomld be supple-
tented by a satisfa-tory theary of the fissien dynamics
wvhich §s started being studicd

whoages P and
to ot g hoeg

2.C = Tha_calevlation of fiswiun croes wections or Lisz
tion Vife-tites (for evarple for the pround state}),
Liguires the koowledge of the equation of mition for
the Tissioning »yrtenm all the wvay Lo scission , This
ranieet be achivved wvithaot some theory of fission dy~
wamics vhich, on the otlicr hand, {5 poorly understood
it present, Ooe does pot even boow what type of [ission
dynomics is 1o he applied since it weens to depend
sticngly on the exeitation envegy (See Section &), In
the abeence of an azpicptfate theory, one {8 led to
mihe very crude assumpticns in actual calenlations .

- At low energy, in the agb bartier region, §u {8
pevraTly Tansoicd that the ghase correapending to the
ctossing of che barrier (i.e. where E({s}) in greater
than the vnesgy F ool the system)is adiabatic. This hy-
potdesis means that the Tission eande does not imhice
real intripsic eacitations {a the system. After the
crossing of the botrier, when the nucteus poves, in an
ineversible manner, from the polnt of exit (ehere E =
E ([s])) to scisnion, the fastness of the process is
such that the adiabatic appronimation [ questionstle,
Vierosity effects nay then appear in vhich 1eal intvin-
sic excitat{ons can be preduced duce to their coupling
to tha fission pode . These effects con affect the
proprrties of the fragaents (kinetic and cacitation
cnergles) but do not rodify the fissjon prebabilivy
since they apprar in the last stage of the process ealy,

- Ar hisher_ezritation encigy, sbove the barrier,
the sftuation is mure complicated since viscosity (or
davsing) effects can appear ab a puch ecarlier stage of
the process and therefore modify the value of the fis-
sion ptobability . In this enmcegy ravge, peneral useids
pide of Lhe Bohr-Wheeletr formale 3 .
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I avtual culenbatione, it ie pooeaally acverad
that "a’s’hl-“ P LS Y el the watue of B ocan b vbgads
ned by standard Wl teehiniger 5?3 0 The caleulations of
Foare proatty sivplificd for one dimentional fisnion
barriors and constonl wain paeiareters B, Pae hien
olitajng ;

PY exp (2533055 h t4)
vith f_:»fz TSI (%3

Jo this Yaut cxpression g
= & §n e deforcatjon paramcter alowg the fission
path ,

~ 8" aud 8" (with 8”2 &*) arc the values of g, tege
pectively at the yntviner and cait of the barrier
for which the total viergy £ of the sysivie b5 rqual
to that of the Yeprfer (B » E{s') = E{"Y),

lunpravementa to Tife-tire calealotions Lave been
tlﬂll",lll‘. abwit terently by a mov sophinticated approach
126 that we shald sovear iz below

It im fivst consldered that the getont ial energy
is koown in a multidineasional space with a xet
!", =5y, 520 saeBi ce8f o) of deformition ruardi=-
naten, vring the Styutinsky procedure o Tut the wajor
step farvard is te consider that the rass iwertia pota-
ceter B §s no louger constant bot ean vary wish [s] o
This is Justified by moting that the shel) structue,
which is so fwportaat in the calevlation of Lhe pbten~
tial enesgy also plays a vajor ole in the value of the
wasg Lepeor !ij (tha fndives & and j tefer to the dufor-
mation voarditntes 8] and j respectively) o Actual
calcwlations of Bji, wsing the “crankiog” forasla
show vscitlations 1n these values with delursatijon
quite sinilar to (hose of Oy discussed previeusly o
In this moltidimenafonal yepresentarion, vith pussible
variations in Bj; with v.} takin inte account empli-
citly, the expression {of 5 now reads 3

5 fs SV E-E (=D ] Blons

whore ¢

(6)

= the deformation paramuters sf, 8§, #re supposed 10
be functicns of sove arbitrary parawwter €,

= & and & are the end-point values of the para-
meter G, similar to 8’ and 8" defined in {5), for
which E ¢ £ {G') = E (&"),

=B {G) is the effeclive puss defined by the (ollo-
wing redation
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The calaadati ooof Sy with oqadtion (6), vun be
sarpded ot gren e d cha0 A Vrajectery, the Lo
gathy, Daodefined Larasan the tun dcad points glond ",
OB b g vonstoat salue, the fiesirn oth woulel fol=s
Tew the ertarral values of the petentfal voeryy ng-
fart o This conditi oo dotim s what {5 called tha
Tstarie barrier™ o The Cisnion peth js no dotge s the
stabic Latsier it B varies with defiation , FPor
vaogrboy thee Piosien trajoetany vay teach Bigher pu
trutiel epergy if the poans patoaadtes takes (e 4
sl e valae o Tl Tivaien peth du (heq dobe paii e by
the leest-action prineipte ebich Lewdn to the woall=
ek e wibbe o wabue S & and, comeopently, by Ty o
Facla path given the soccalbed "3 aival by ier®
whinh is illastreted in Fig.5 for 258M0a, 1t is inteies-
ting to pete that the Jeast-action teajertory ducs, et
pins Theemgh the “static® saddlie points, Wt profers a
path at a3 somuht higher eoergy o Fhis weere o ptly
to tost of (he cones studied so Far ol wppeass 1o be
a vensoruancs of a Jarpe Soss patat e ter At the saddle
point o This offect itsedf is dir Lo the el ot pue-
ture vhich giver a large pesitive shedl-crerpy cortee-
tion at that deformation .
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The validity of this metlod van be checked by
conpating the ficsjon Jife-tire values aiwd from
soch calewdacions with the experizental ames | This
venparinon wmeat be canried ot with greal care sinee,
asestding o (e authot s thetme b o™ thue cabiala-
tiony <eem to be extoopely sensitive o et el oo
ropie amd pactosropic propertivs of the nncleun |, Sese
of these properties are oot well boown dod the uneer-
taiy wsseciated wlth thels volues van demtically
change the resnlts of the calendatlons a1 eaarpie,the
variation of the pelring strength vith defornation is
procticatly unknewn bat plays a crocial role jo the
dJetivotion of the mane tensot Big Prom expression (8)
Tu the absouce of rosre detaifed toforvation, it iv gon-
crally arsed that the pairicg strongth 18 s#ither vong-
Ltant or *unpofliunal tu the surfuve area of the 1w leus,
Rut switching from one to the other of these tw Jusum-
l;li«ms thangen Lhe Ty, k, valuesa by an enovments faetor,
frera 8 to 10 orders of mognitude fur Wanjum festopes
A chage as swall as 10 2 in the pairing strength can
bring about as large as about five ordurs of aagnitude
in the Jife-tioe deternination . Such varjatfors can be
expected in the defornation dependence of the pairing
strength o For exanple, self=contistent calceulaticons of
the praperting of Sm fsotopes for varfous defurmationa,
waing the Martree~Fock=Segolyubsv method with (xterpal
constraing, shov uscil’ations in the pairing strengih
as high as 20 I over a 1iwited range of deformations,
tuch smaller than that cet in fission?d. Also, the Bi-
quid drop parameters need to be correctly adjusted to
reproduce Lhe exprrioental data, For exsmple, in Fig.b,
where a gosd ovetall agreszant is achieved Letvevn ea=
perivental and calrulated values of G, o, net only 2
pimple assurption vas aude on pairingﬁ!ut also
the reduced finsility porameter G,an defined ind had to
be adjusted scparately for the various series of isoto~

pes
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abve The twe raddte p-il.l', of the fous 1 b el b
tiars AN pranticat cotovlationn v e vegy gtabe peede
Plns abont the hycb sl gk ities which are pesded,
fn fact, sant of Al o obend ot jona ol e 2 wipe
yvle B gl Banrion with o rometant ¢ s poeroiedet B,

A rane suphiaticated sgperesidy thoagh fat frem
e kng senpletely watisttery, Wag Sevn b Tepad e
cently dn teeen af the dahte borged e, D Tudiog
Qo ping I the teo wedds of the Bagtier, il i Wik
the physioal qranfitios peoded o the o olrulutinns are
wf it ot By Filting wn sy veYevant firsion data an
pu-.r.i!lh‘;'q. We o rnezoapdee o bow (g et o) which uabes
wei of the etatfatical crlel Cor the cadondationg of the
peulton e wecbions Ciw Doting that for {iandon) of
he vy fon fed betaven 3 3V and | eV

The rain diffivuliy of the calvalations tes in
the deterninetion of the fiscion protahility ot a gi~
voers etorpy amd for a swell- o ffmed aet o) of quantum
aurdiend (penerally B3,M und FY, Far #l) sets tl’ '
ene-direrreional ficafon bartlers are considered, atl of
U having the sa. e wlhuge, 5 thetrhied in Fig.? . Ihis
shinpe Ia lituined by seoothly Joining Weree parsbolas
Lawing pacawetets eatracted from fits to relivint {is~
sion data such as thepe disenserd in Section 2%30, For
each st fef ,the Latvier {s shifted o1 a vhole of an
enerpy AE {{e] ) deteiniud by the fitting procedure,
Bamping is Intieduced chroagh the fonm of an ireginary
fast in the potential in wrder to gimdate the coupling
of the fissivn rande to the inteinnic dopievs of free-

dem The tramsmission of the bareder in ealealated

vy Kalving the SeleGdioges cquation {n e eoapplen e
tential vhus obbatmed

The sapericental dida i, nsed fn this proce=
duze when they are availabie, ore the folfovings

Dy = the total fiksion tross section G (£q) ot inci-
dent weutyon energy Foo,

By = the angular distyplbation Gy {8 ,F,) of the fission
fragments raitted ot pegle © relative to the Ji~
1eetion of the incident e otyon Leam ,

Py = the coelficients G, (¥} of the Legendre pelfno-
wial oxpaasien GO EYE € (5) . Py {cus Blused
to fit the 6 ( 0,E) dned .

By = The anfrotropy ag (F, )= G' (0'.En)lcﬂ9o..ﬁu)

The [irsion paritetees P, determined by [{L-

ting the above data are 3

Fp = the energy shife AE { {c} ) for the lourst firsion
chatnel having quastum nenbers e,

3 = the effective nurter 8 ( {6} ) of Fisxion channels
having quantua nu=bers {e} . This takes into
arcouat the possilble apening of rere flusjon chane
nels for increasing By,

Py = the cocfficients o _of an analytical expression
R [c}) = { (E“,"m.n) drseribing the variation of
K {{c]) vithE,. :

Py = the nanivum Jepth Wy of the maginury part of the
peiential suppased L0 have a parabolic shape, in
the 2nd weld. (Full ducping ie assused in the flrst
vell)

These parsiwters Fl are dftermined Ly a Jeast-
square fit to the data b} . In order to simp)ifly the

FEEriag 30 ige, unly the wont frpertant ef the 16
ot daet oo i By owre 3 en dete anoeant ) Ui
which cvameet the wvaibante alata B wid the gt v
sitive potadees Mo,

Fideateatiom of the pewnlts obfaimd in v b cab -
ewlatierns o givin dn Feg, Boaml 9 sbope O o dboebated
foochon el captiter 1o n sectfons o f’rll, LA L LT |
Sy e pledted an o oo tjon of Ky o« tthier drous
vevtiepn tale oan e fon el vtde wnef o Voatde wint -
Febitg vt wluo obtebind with this jresidare . ALl the
trore meetinns are ratiabated By aling 8 l'll"l"‘: eloagea ]
eptised teaded potemt o) with the patars tetn ohtajondd by
fitting 2090 sinea (2o f. V),

B bs Ao st fug ter natbe thal mot o only e agb-
cadated deaalte are G gt b wibh e vepeafiaont o)
dta {in faet oot of the Aot heve boan wved g the
Fittdng provadare) bt alac that this =wtteol can pive
catondatedd vaana sortions where no o erpegineatal dita
ate pvai bably (for vannple Gin, £) for S8y, 7MY ang
"”P'l‘u)- !

fu tan cary, despite the Yack of a god Tission
theory ta saleglate fiacion data such as Jife tiens or
viven wittions, it b neactheleas ponsible to maibe use
of tto faitly gennd boecledge of the finsich buateivesand
of ¢ e fiesiea mdels preovided ot their jurastoes
dath b pddunted te weorate and telovant saperirental
104 e ka1 s diacnes the flacien themy of APy
whith I8 conovnly waed in the intecpretation and the
caleudation of finsien dota .

J - rffffcﬂf:? ‘.‘n'vl_ e oty ‘trf, A. !_H'r_f

‘t.[.“f.!“\...t.q.{.ip' [N LA -n_?‘?:..('_”(‘l'{._ 1

¢ Applica~
tian .

As we have seen in Sectjon 2, it is far beyond
the prerent copabilities of fireion themy Lo predict.
the fissdon propertive of o specific fisciuning ntate
haviug fpin and patity 3% and at on excitation incrpy
alwve the reutron enittion threcliold and, a fartiord,
ta predict bow these progerties vary vith 37, fovers
theleas, a sisplification in thin very conples problem
appeated when A, Bobg sl wed that many projertivs of
the fiasdon provess thromh these fntividaand er diad
wfpten prrhl be disenseed i fetmm ol 0 el wer o
et o alteranl fven o vhoantebn, veen Changly Ve
et ol i ferent frapment paits ju very berge in
binary fiasion of a heavy mecToan 3o In this apptoach,
A Bobir properid the concept of fission oxit chaunels
by cupnsidering that the passage from saddle point to
seireion §s so rapid that the propertivs of fission,
though strengly dependint on reveral factorys, are nevers
thaless influeied Ly those of the teansition states at
the saddle point, Tn (his picture, the fisrlon exit
chanusls are therefore (hawe transition states whose
speetyws, acvierding to A, Bohe, fs very similar to that
of the first racited states of the nocleus at ground=
state defwiuation

This charnel theory of fissfon provides alsa ane~
ther ints rpretation of the muber ¥y of fission rait
ehannets?d, This concept of “vpen™ fission thamels
wvab expirsssd in bterms of fission saddle-peint configu-
ratioms ¢hich veve energefically avaiiable . Their
ourker N¢ s given Ly expsession (7) . This exprecsion
sinply romes from the fact that the enserble of nucterns
finds itself fn all altowed configutations {iuvcluding
the B saddlevpoint configurations) once every prriod
T 2uh/ Y. The life time Tf four (isfion is thus
Tf~ 27 ALCDY  from which Lhe average fisnion width
and £q.{?} are then deduced .

Within the framework of the clhannel thrary of
Bohr, an effective mwber of fission channels, called
(ogdg" , is vow defiued for cach spin and parity J°,
This nunber (Nods™ is also cxpresecd in terms of the
average Tission vidih and spacing as iu (2) , but, in .
addition, is rqual to the sum of the pruetrahilitive P



Foer vty Gime o bt b faving spin et iy OB
Fav h "j Ps satenleded for thar Binefom Lar it o v ju-
el with Ul bpoar 3t dens wlbule @ . Than 3
l"‘,)l‘ \‘ -

. AL i .
Moggdp-2 ‘,"?J. ‘s ()

Yot mn e ddacinge hew (Y pradintions of tha
By theory are voprdiod in the sane o Y% e e
ren whivh wre dairty vt dbecwon i1 0ng, the f1 npin
JYoaad for Whaeh e tieien chateedl pnoutties e
\‘-l‘y ditferent fet the teo gonuahte 47 walurn
(7w Dt und ') abaained in e enpture of Yo" save
mutiene Ly 28, Ve e the beweest T e DY trane
miliom state §s vyemptrie aed Yolew the seelten o pa-
rativa coeryy 8y in FAOpG 0 in in Taer the prreond
state of the s orem), the Teeat I* 1t oeningen
thole vt for e |-.)|.';-'!|ir, rince 3L has Loap oo
Yabod to Yo w cochinetion of the tew BV 007 wpd 0™ ="
otupole vibiatfona, ol ot dn smeitation aigy dhos
VP Sy .

The diviusvion of this sabjeat , wm alteady -
Blistd bn o provions pojet®y 06 carsarized Y tow and
supplencated by new posales ontsimod For propr o aeaton

A r
and Eooray emiaeion in he I u seomaners

. Y
P Paecebor wisbth sk a%eol Lo Lo e 27 ey

rerepaneed cdees, as bt the atar $Sisii e s e, bar-
B floctontions dae ot sued D aurdier b avai bable
ficnion exil ochonwle defined in torms of (e Bl thes-
sy o Bty o vontiast te all «dwilie disteitotions, the
wnt for 5'"1'u thaws wbenty o Lieal, eaplained by the
cafstopre of twn fonilies of tesonmies having widely
ditforeat avoroge Tigsivn whlth values o This foterpies
tation i3 toppestid by the spin detesvingtion for a
Yarge wirber of gesonences, a8 obtaioed by hoth direct
and feditert rethoda o The values of ¥og, for 4" w0t
sl 1Y Lrom the average widths and ppaciags of the
reshonces  are pesjectively (Lgqdge = 1,48 and
hggd e = DU L This is in agreenent with the Buhr
theoay if the existence of a 1* trnsition state of
collertive chatacter i postulated belov the ?gquasi-
poaticle encitations,

The different synmetry properties of the trsn-
sitica states shiwld he re-fleotod fi the fission pro=
peities of the 0° and 1Y resomamces

The mass distyibotjon of e [issfon preducta
wab reasured by the Mool technique” uwsing a norlear
explorion an 3 pulbed-neatron sewree Y, Ny radivche-
wical aaalysis, te valley-to-peak tatie of the pass
distrilation, or wore vxacely the 113¢d/%9%M0 ratjo R
wan ebtained for were than tvenly resonances vith snee=
gies ranging frem 15 to 87 ¢V. The R-walues seem to
a1l into tva categories having avecage valucs of R in
ratio 3,5 , High and low values of R are associated
respect fvely with 0% and 1* spin states, in agrecment
with the theory, Morcover |, there §s also a carrelation
balveen the R vatues and the fission widths, as expre-
ted ¢ the fissfon uidths are lorger, wn the averige for
tha group af tesonances having high values of R (Fig.
10) s

Yariatirme of the rotal kinetic energy of the
fission [ragmonts were obretved and thoy can alro be
carrelated with the spin states sand the variations of
R in the way predicled by theory of Bohr¥ |

The Lebavior of ¥, the aversge parder of prompt
neuvtrons per finsion, from resonance to rreonance, has
been wore difficult to understand for quite 2 Jong time,
The situation was very puzzling several years ogo when
the most ectplete set of data available at thot time
shoved definite variations {n ¥, but in opposite di-
rections?®r 20 | Moseover, thede variatims could be
correlated with J, but in a different zanner 3 the high
valuen of ¥ wvere associsted with 7 1 for one ket

of e Lat <tk 3% 0 e ke satay nurm. IEYS R
e Voow, Ltle taaudts aoald ol an in!-r,-hl-clinn in
teagn of the Sl tlenry o Fur eor cane ¥ 41y EETTR
Ple to Joctify the oty e vorrelation betoeen 5ol
Sy penietat g that, repleeting wioroesity e feats,
the fiasiam Lorudor anorinted with the 1P tiansilion
abade nerafes iy than S AT 0 481 e ey to
sbsviong Fhin varypey detfosence con then be feaud in
Al Jrwriane i the coritatjon woragy of (he f{aajon
Doegente, fenoe ja g Yarpet U valwe b didlerent ar-
g et een b Fenvebed to erplidn the 0% set ol ae-
st 5 winie the 1Y tresnition sty i acpeadrie,
b oreery anyeeetile sosa diviaton §s exgerted ond ix oace
teetly fonnd for the 1Y poenanees, w9 e dlsinannd

abe oy Thin effect «hodd be e pauied by o Lower
velue i b Ahe wel]l bocwn oot b W liador of 3A0)
ac a fonrtion of qbe fragant vans Ay (e 137)

This coufusion wan nat dicpipated Ly other esund-
eoptn, Cattled ol n Littde Yatee, sioce they conclus
ded to the evintauwre of fhartuativng, bt nol coreela-
ted with 2T NI e situstion bas Yoo ctarified by
mate pevent pexrurets als of Booand By the pean Toray
vin gy rithed per FEision®e* T The S Vay resanlos0
were ohbained by wning o big (52 1) Gd-Louded Liguid
acinbi ot Lo dle bt ol the prased pentrons
il Foroys emidted per Li'-\-l- Loty P Dl o g
olecived Dol in B oot I-, [N DYTTRT AR FTITN MY LTI
tn b stivagly antivorrelated |, This nothaad hegh
volues are goneradly oaociated with e T3 values
These data cag e better uwdegstood iF they e plotted
sepatately Tor the 0 and 1% pes conres which Mave b
andlysed below 200 ¥, The fleciv itivas o j7 oand [
values tegether with the antioesrredation hetween these
teo guantities rirardy appeat for the 1* jiscpaners
(sew Fig. 513 but are =ach less sigaificant fur the 0*
rrtemantes. Statdstical tests applicd (o these data
confirm this effert. The probability that the fluctua-
tions in T snd 3 are of pursly statistical natwre {a
below 5007 for the * resoninces but as latge ay 0,1
and 0,67 vespectively for the I and By valucs of the
0* rescnances, Also the correlation eocfiicient bet-
ween ¥4 and Fgi o Ior a ret of rescrances §,ie -0,84
and Q.07 sespectively for the two sets of 3 and 0*
tesunances, There §8 respectively 7 2 amt 27 2 proba~
bility that these two cocificicots can b caunad by
statistiral fluctuations valy .

A clexer sxauipat jon of the data shous Lhat the
fluctuations inBand By are larger for the 1* rese-
nantes having smatler fission whidihs, This offecy op=
pears more clearly in Fig, 12 vhere hoth B and By arc
consietent with a lincar dependence with ”rf'

An interpretation of this phenvgenun has boevn puat
foreard®* in teros of the (n, ¥) 1eaction already con-
sidersd in a more general contextd | The wvidih pp fur
the reaction {n, §f) is expected to he fairly sumrll (a
frw meV according te calculations®d} and conatant from
resonance Lo Fesopance since it corrcsponds to o wany=
exit~channe] process. It may occur that, due Lo_the
larpe flurenations of rf discussed previously, rﬂ‘
becorns cozparable to [f for some zesenantes, sore
1ikely to have J® «1* 1ather than J® =0% nince
‘l“>o" )}t’f'; Ja4.For these resonancer,the (n, FI) process
covpeten with comparahle probabjlity with "direct fis-
sion”, called (n,f4) in whicth the initial canpoumd
oueleus derxcites directly by fission. This competition
explaing the properties ohserved in Band Ep . In Lhe
{n, TL) reaction, wore § rays and therefore leks ney=

* trons are emitted becausa i) P rays are emitled hefore

seiscion by the conpound nueleus which is thus tess
cxcited and ii) the final ¥ -ray cmission by the frag-
ments Lelvw their ncutron emission threshold is wonson
to both (n, ¥} and (n, § d) proccsses .



These craedlecat ions tead te thee Lalbonbog 1o batiope 3

0 -Teg o 1y ) ()
RN Y (n
TR VPR L 1]

By s Vg ey Sh (1)

whofe = thae st dpty 6, 0T oub 1o geler to e Lotal
fiction, (ll.i"p wid {0y b ) proneners

:"'. fo the variativn of  with vsd bt stien
dE vie gy Booin “divert fiawion’

-~ 0y Q% the rean ity of (e proooscbycion
Frays enitted Gn the (o, T1) sewrtfon

In the pecomamres shiore the G, S 1Y ad (0,0 al) rrae-
tions ron pris, dhe nent pon ol £ ray ylelds e ae
follown ¢ '

£ = fs’it. ’ :j_rr/rljf “
V= Wy - g 'f/q: (14)

Theesr calvoloted yiclds phed a Vinear vaciativn
with 107 whivh §s wetually fouad o the vogarizoutal
tesulte L-r the 1* 1 conames, Phe peca et §5 v
tainly presant in the I 0 penegeatees bt is manked
by their Yarpe fivzion width ,

This scemw do be the firrt piace of evidenre for
the raistence of (he (n, 1) 1eactiom which is alsa
confiteed Ly the fact 1hat the avegage eoltiplicity
fie of the fission ¥ rays endtted §p the Py rrion-
ances chows a lioear dependeace with 1fp o the came
manner as i aml I;i. z, 1

Analysis of the U and F} data, Ly a least-syuare
fit 1o the rrperinental valoes, ie ronsistent with the
conservation of the enesgy for Uhe sua of the pirompt
neutron and § -ray yields, This analysis gives the
following value §

M F5 = (563 0.0 x ol o? F a1t a9

For the 0 resonances,a sivilar crpression can be de-

sleed Whoagh the pheswmenon is much less pronounced

b ™ K R s

Cp + tg =002 1.9 x 107 v Q7 W) L16)
These values are in agrevewnl with recent calrula-

tiona making comventional assuspt jens asbowt the ficsion

and T ~ray decay of vompound nucleus states™y

The existence and the influence of the {(n,FI)
tesetion for the 239y josonances seems 10 be elearly
extablisked and explaing past of the variations obrer=
ved in ¥ and 5 . Tt explaine slen the fact that ‘no
renaonances have been ohserved with a fission width
smaller than & meV, vhich is very close to the eapected
value for I'“ N

1]
Mter recewal of Ihe effect of the {n, ) reaction

in the 737y pesonances, one ohtaing for Lthe neutron
and ¥ =ray yiclds and for the two spin states 3

(S.I-[d)m - (I’.l'd}l" = 0.0130 § 0.0055 neutrons (17)
(Eygador = (Eyggdye » 104 10 hev (18}
This results in the following difference in the

excitation crergy EF for the figsion fragwents and lor
the tvo spin slates § .

(£ e = (Ef)yq = 109 4 43 kev 14%))

It seens therefore 1hat there is o weak #ffvet of
the fissfon exit channels om the proapt neviron and
possibly on the T-roy yiclds amd also un the excita-
tion cnerpy of the [ission [ragrents .

Similar studics have been carrfed out on n!'I.l (ref,
40) und 24Vpy (ref, 44) Lut show nuch smaller effects

in the first ence aol paactisally mene in the wiend
tarr,

Inowociapy, Hwe foeciar a1 theary of A, folg
rat gt bally vongdbed in the finden dity, in jrat -
fiendar for the vave of e 1, teveydimen whifoe b e
foioly weld boown o A o bal «body od tlwe paemgn fin
rhony netran piehla g plecatad tey o of tie pro ool
Cleciom & vaye, in the 21 e o, has rlagifiod
a sitesthin vhijeh wan fravionnly rather fucing + The
fluctwations in ); from gosimiatind Bén fronginin @ Wi (0
bee canmedl by the {n, FIY teaction yatheg then by the
ellret of Tissgion channels

& - T -j!_flng t'f_‘l'rl"- i_l'l fi-‘.-{‘ir-u:_ _(f\llp_l Feotion 1o the
.f' iy f_n_n‘ u'l- 7"'n|'|l_ .|I‘: .luw ‘!L'v]‘]. Tt
A cviplete Iheaery of Jissinn vast (obe jobe

atvonnl aab oy Che SCatie anprcts, cosent Brkly the
el el Tl conppy sarface ok @ fone Cfon wf e fotiat jon
cocddimatos but obneabe dynargoal acpects shich inelu-
de fuestial al """i'h"’: ciloets o du Sevtion 7, ve
dererilied the present siatas of the patentinsl etergy
purface which is tew bucen with 3 1elalively pood ace
vesecy, i rontrast (v the Jpondes of the jaocess
A disenesitn of a detivation of cavs dncgtia pataseter
[ LTI TR TR fisaden, quppesed ta b sliathal e Ju-
riag the rrescing of the barrier, Yy shean e Jini~
tatirns of the calewlativeal method, Bot sven beyy ix
Fiwwn aliout darping of viscosity effects shich doeseri=
e the conpling of the fission mute to ather digrees
of frecdom o 11 secns Lhat Jarping s quite Jarge ia
the Hirst well, roderate in the vecuod well, but very
Vitele §s baewn aboot (he Jaepleg fn the last phase,
foe §n the dereent from (be secend seddle point to
scistfon, This Inforsativn is vevertheless very {m-
portant for predicring the eovrgy shate hetveen the
kinetic ant excitation swetgies of the fivsion foag-
ments and thegefore the praept seatgon ewfsaion . Sany
o ranlivioty .lﬁhll!‘llll;lllb‘l Tave beew rode b tween (e
Tvo foltoving ratrems @ B} toll saeging in whish atl
the available envrgy 2 wiseion i dissjpated into
eracitation voergy with ne pre-scission kinctic enerpy
ii) weak dazuing o vhich this availuble cnergy ajfears
aloost cooplutely in the form of pre-sciesion kitetie
energy with ot {otrivtie cacitation of the [ircioning
syatend5 46,47 1t s very difficult to find out feom
the rxperirental serultg, vhat type ol daging actwally
oceurs in the descent to scission and bhow this daspling
varics with excitation cimregy o The frapmwonl total ki
netic vnirgy TEE for the Yow energy fivsicn of artini=
des shows 8 linrat clu-tnﬂ-ndl*ntc with 22 A~ gver a wide
range of mass numbers™? , Under ciuple assulptions, Lhe
Canbomh enirpy Vo of the two Teopisents at scivsion can

]

aiso shuw a Jiuwear dependence with 2 AV
2,0 n 2
4] 12 2
Vo r g ¢ (20)
vhere 3
- Z” and 2.4 are the atemic mmbers of the 1w

fragments
and = J i8 the distance of the two tharge centers at
scission .

The 22 a-1/3 depindence, for a glven fragment pass
eatio, can B¢ derived Ly assuming that the distance d
is proportional to AMI | One then obtains ¢

v 22
e ©f T2 1}
This Vinear deprndence of Vy with 243 e
sugnert that, at scission, Vthoere is no appreciabie
kinctic encrgy and that the total kinetic enerpy IKE
cones frem Coulomb tepulsion anly . This would tend 1o
faver the strong dowping hypothesis, Bevertheless, this
simple Eictnm ts unrealistic as has been pointed oul
already%?, In fact, at sciasion, the digtance d depends
not only on A but also on 2 . For higher 2 values,

Gy



the mission configuiation by gr Lt ively vome obingated,
the pedee wit? ooy Conlo b v imtgy o Piogensd -hny tate
rui.lli.un"r‘ <frowt Pt e vy iarien of ¥ with 47f
wetuslly tlateos and rvain bcgeannr fur u:run'iu‘
I L Farge £4 A vadues Fub, aecaming (his tine
the seva douaping Lypoathesin tae .qfly, e e - Pnd o
binrdje on alded e \u" sives TEE vl s«hnln e
e in ;unl) gl eprveen il widle the sage pioend il
fenitit W .

Fooary fisiion data oot belp e in clnil'w
Illr thin ¢ alex rituatlen sl g Hu'y 1 aly b -oln altoed
cqually vell §u teres of cithee weab darging®® or ol
danp nght L '

b wpite of vuy oo Yooeledpe ol ﬂ.n.’;.;ihi; elfeets
To the Yast phose ot fi-rion, Yot us reanine Vow they
cant ploy a rode by corgaring ik and JESata for pentas
weous and vt rens iudui ed Ciasion of soce -w 1oeven
nueled o Special attention is given to the 7500y rase
for which (al,p £) datd are alap considepod™

1t can he seem In Figold that, for o given evin~
vein poclenn, TKE ds aysteeatically Wighee for thepmales
peuttone taduced Fission that fue spentaweaus flosien
Thenefore, the fubl doaping condition is unt et for
the caxes ptotted in Fig, 13 since the caress §

Sy of
gacdtatfon covpgy Sor weaty, Padueed fisaion ap found,
at Yeist portially, dn the Tegs of Finetic eneryy o ?ul
the diffesvve ATEE in 13E jo Tena than b 2V (the
approximate value of S, for such naclei), ivplying that
pime daping e wevertholy s eeur which v the
vest {Sg ~ ATSRE) of the dxeitation enctgy by appeas in
the Ir!n ol d| atjon » ThEs ie acteally seflocted in
provpt-neutpan emissian since the Eovaloes, a9 platted
in Flg. 14, are systenativally Nigher for thesial speu-
tron-induced fistion than for spontaperns ficsion, in
aproec ent with TFF data o Frow these resadts, fo uvould
srem that aeaderate danping could apply to the Fowe
etergy Tission of oven-ceven actinides

A clerer eramivabion of pewtron~ipduced-{ission
for a wide tange of nentron encrgies Fg (W bow the
thteshold for secomnd-chance Tissjon) can help to boow
bettar wbhat fraction of the fncrcase jo excitation
suergy kY of the fisrionfog nuileus poes foto frapeent
exritation wad bew this {rartion varies vith E Meny
studies bave Leen 2ade on the variation of T with kg
for a gieal varfety of actinidesdl . An illestration
of this F chergy fependence Jor 260pg §s given in
Fig.15 ~Yere it can be seen that 7 fncrcases Tnearly
with E; + Yo attention is gaid bhere to the details of
the cuergy depondence, in particular to the fine strue~
ture which nay exist at low cnergy, hut rather the
pross behavior of ¥V versus Ey it considered . These
resulls shvw Lhat the Muuatim currgy of the fission
Iuam-'nu increnses At alast cate as a function of the
excitation epcrgy E¥ , 1 thin effret, probully doe to
damping , 5 supposed to be present in the seme wanner
for all excitation cwergies beluw Sg, the linear varia-
tion of T with Ep can be extended dove to sete-erci=
Lation energy to oblain the eaxteapotated value of

(catled B, () for spuntaneous fissipn, Comparinon
of extrarpolated and reasured valucs of D for 7"Dru
spuntaneous fission shows that the first oue is lower
than the second ane (Fig,15). This vifvet is found for
all even-even actinides fur which relevant P data are
available (Fig.14) . Therefore, it seexs that the
amount of tamping would drcrease for wxcitation coer-
gles sonewhat belew S

1r §s possible to pursuc further this type of in-
vestigation for the lou-encegy fission of 'u xince
s fairly large amount of experitental results arc avai-
1able on the propertics of the fission lra woenit 8 and
their variation vith excitation eney Ky » The va=
ristion of the total binetic energy TFE fur the frng-
ments emitted in the loweneigy Mission of 240py s

a

plitted P Fip % oot doe todes ata Foa gl eyt
Bosaes Fionion of the praovad ctate (6,8), the 4 e I
l»«.il stafe (1.5), tre tiw Y% thereal s ntoon heed
fi-cdisn and fm rl-v Wy (ot 1) vewrtion, Al vy the
vot bt frn c!l}_fm of the Vinetie vuorgy },. uf the Ih.-
wivtt Baagr onb 8 a0 Tomition ol vee fat Ton eme ey LY iw
'ulnllml i Fig, M for several prunp‘t ol Fropmenl masn
tadiesg therrmver 1he e tage R \rl" B ol the huavy
primery Fiowiow doagrants s plotted as o Dar i ol
LY dn rig. 12,

Foambuat fon of thise data srems to dimips(rate the
evidfome of wa types of finsion o The Figst one (al=
Jod f;'vt' 1) irlflu-'tp. the 6.5 PT--' 16 speatativons Thasion
end 7 Pu (dep £} seactfom at £% = 4,68 10¥ and for the
frag, vmta eid i ted at an angle Y2a 0% yulative 1o the
teroi) weiy of the 0Py sed wncdens o A 700 L.V
wide Fescpante Eaprins at .! " 4,65 %Y in the allli'-ullopy
data and ix dntragieted aa l.ruaﬁ 4Inu- tu A vibrationasl
ovel dn the Jnd Urll of thp P800 gl e bunped Fiasion
barvier, The faceand oo (alled type 35) relers (o all
wther 730y (4, p Iy reandee and tee tbe 3 (0, t)
treartlon fadured by theamal reatrons

tn the fission of type 1, the Iruuf'lar rierey ¥

_a“t.‘r_uun'i Yitearly as a fonction of BY cith a slope of
whont ¢ § 1hif- vdatn that practically all the ruvcita-
tivn energy BY {5 foond a5 un incrcane of the binetic
voipy of the fiesioun frogments aml this holde for all
l”n" of hnmr-'nl.ntums (Fig.1b6) . The avvrage trss

(s ..) is the sape For the thiee Bission reactfons of
this sype o This struigly sugiests that daspiog, §f pre-
sent, past Lo very peall and the fiscion of type ) oy
very well be an jHastration of seporfiuid potion ol
1eady -l-\-u--n,-'d 6T iy whivh the sucleens rewain cmpled
by the puiting furie 411 the way to sriccion, In (his
hypothasin, no intrinsie encitation eoenrs in the do-
seent fo seisnion and the available energy at that gpoint
then appears as pre-scission Yinetje vOCigy . All in-
creaswe in L s then fouml entirely as an i rrase in
pre seission kinetic encrpy wd therefore m i stoce
Hw Coulimb encryy dovs ot change with 2™ jn this pic-
ture. This applivs 1w a1} types of fragmentation since
all fi'-slma pioperties bt the Vieetfo energy oo ant
vary E¥, The enperiecntal resolts obtabned for fission
of the type 1 are consistent with this soperfluid potjen
of the flssjoning system

In the hsrion of type 11, on Lhe conttayy, the
Winetic energy TRE decreases Jinearly as a function of
E¥ vith a slope of st bout” ~0,4) . This & ronsistent with
the tncrease of T with E7 obrerved above S, JHeverthe-
less the energy halance in fisxion calculated with these
data leads to a fairly latge value (sf 7 of the avurage
nmumt separation energy in the fission fragments
(‘3 2r f.3 ¥e¥) . The type of fragmentation is diffe-
sent from that of type 1 since Cmyp » tokes a different
value (Fig.17) . There doss pol seem to be a2 satisfac-
tory Interpretativa of such a bebavior of TXE vith
and ¥, Several explonations have bevw praposcd in
tetms vithey of daeping or variation o s1iffoens of the
fizsion fragrents with AN In the fisst rase, the
coupling of the fission mvde to L other degrecs of
frecdom reduces the pre=scission hinetic energy aml
Induces intrinsic excitations which lead to 3 Breater
excitation _of the fission fragrwnts, hence to an in-
crease in U .” In the second case, the greater excita=
tion energy reduces the stiffness of the nascent frag-
went s which then Lecomwe soflter to defnrm. AL scission
they are more 2longated and the increase in the distan~
ce d hetween their charge centers decrenses the Coulond
enerpy?2:33, In (hese inlorprclaticms, shell effects
seem to play an {mportant role in sgreement vith the
expetinmental results since the rate of du'crcme WER/de®
of the kinctic «nergy q uith {ncreaning B strongly do-
pends on the fragoent wase ratio {Fig.16) .



The cpfutince ol these tur types ol $Eanion hae
viog JEerent vaniatlons ot ieF aed 24 with o itation
FRed Y e et in'vl“i!‘vl fros thevs wape t b st il data and
ban to b faden falo areounl feg 1w ;-fn”i't Jome aed hevan
fiwnivm projention rocly g 1t provpt neatron s ssbon,
Foam the 4li~|'uﬂ-h-.-| Jrietaprta Jdals ey it fucas nst peem
Corrret B0 e w0 I nsse et al.--u"titm in tiadinp
fer ald eerdnation caetpieg, abstting foem the g eotind
state, Tn partivolar, @t ju -HMIM;‘ NI R LR &
Vreprtane at Sigher viergy the 35 ar TEE dara oMvaimed
for sy atateans aud thereal oot tene fedoed Flesion,

$ = Peurlusing

In tus gy, thongh voe wedo patanding of the fis-
shen procers S roerntly preatdy Iegreved, a qeliable
ficvlin thowey doos fot prboenint 3 oo e for foom
corpletely wadorstidiop this very vnr et phai wacn
and from calenlating accatately all dts propertios

Fisshon Lbarriers con be catoulated sith a pgend
srcwracy by using the Stpntingdy o foneopic-pde poson
ploe approarh , ¥ae fuadaacstal Hartaee Pk agprahes
are also eaking papid propee say The donble eped bae=
riey shapin which are etgaiaed fop the actinfdes ran
vxplain any acpects of 15 lop, iy, them are fission
tamers and fateresdiote strectute fo Fission crons
sectinng

In reptrast to Lhe statics, ¢he fiscion dywanics
which Fncludes imeatial e davping offerts §s vory
pourly biewn o Atteapts to ecabinbate Vifeot jsae far
gromnl state spoent aneoas {ission with o mit'n-uu‘npir
apprein b tuove stoacn the Liedtar fond ol the aathesd
Firsbwn cronw woat fone st 90i b0 sore it iouft 1o ob=
tafm o o fundssental basie o S verthebean, appiox it
vahem con ba abibadiasd, oot o pure thoory, by [rom
sizple madels Laviog e teos adjusted Lo selecied
available fisaion dota o The Fission cluamed theary of
A, Bohr, penceally vetified sapecirent ally, is widely
used fn sk calcalationn, A sisilar sitedfion seers Lo
apply alee Ior wiler ficaion propertics such as poonpt
nentron cafssjons Cotreet treatweal of the subject
requires the knowlidge of duplng offects in the dus-
cent from the sevond saddle puint (o scission, At pre-
sent vue canpot bt specotate en guch offects thouph
new data on fission fragnent dinetic energy and §rospt
pentron cmisnion stare Lo thoow soee Yight o this dif~
fiewlt arpect of fission . Again, in this case, sizple
wodels can be used Lo predict T-values vhen they are
not ecasured, provided that the el paramsiiers erplo-
yed in the calceulations are adjusted on rebisble fiscion
dsta . Rat, it has becn shewn that these data mast be
used with great ¢are hefore being imtroduced in Ahe
calenlations .

1t is worth noting at this peiat, that dwsping
effects are stodicd not only fn fission but also in
heovy-ion induced reactions and o Jot of information
on such matters §s expected in the few yrovs to come
when the new heavy-fon aceclerators, now under cons=
truction, will be put inte operation ,
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Fig. 2

Hechanivm of intermediate structure §n subthreshold
fiksien cross sectinns . Clusters appear in the fis-
sjon cross section vhen cwergy, spin and parily of 3
clang=11 state match thuse of the class-1 resonances
(ot swst two J" valuas are possible fur "™ waye neu-
trong) . The [{agion wvidths are drawn at the enerpy of
the respective Jevels for clasg-11 atotes (diagram &)
and for the observed resonances {diagram B) .
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The calculated deformation einrpy of 2600y versus the
two nymmetrie deformations ¢ {eloagation) and b {cone-
tiiction) ia shown ns 2 coptour plot, Contowr intervals
are | eV, The projection of the least action tsajecto-
ry into the syvemitzic subupnee (o ) in slown by the
thictk. wolid Tine, flote the diacicpancy hetween the ata-
tic ond dynanical Larpiersth,
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Fotential vnerpy surface for 2300 4a obtatned fram cal=
eubitipns using the Stratindy procedute, Contowm inter=

vals are 2 He¥ except for the shape isurer 8,56,
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Fip. &
Thearetical (o) und cxperirental () half-lives (in
years) for ground-state spontancous [ission plotted
versus Z2/A (1ef,76), The parawierization of the fis-
sionahiliLy patareter for cach pet of fsotopes in given
in 7%, A patring strenpth proportional to the gurface
arca of the deforwd puclous is assuned in the calcula-
tions,

Fig. 7
Real and imaginary parts of the potential, as a function
of deformation 8, used in the croes section calevlationa
described in Lhe text and in 29, The vral pare Vis) re-
presents the double-lamped fission barrier obtained by
spoothly joining three paraboles. The ipaginary part is
supposed Lo be paralnlic with maxfeum Wy, in Lhe second
well, Full absorpiion is ossumed in the firet wvell,
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excitation energy E¥of the fireioning nuclous 7600,
for varjous groups of the waga¥my of l'u heavy [ission
fragment Cref.£8) . 1his vu?nt lun".rtm boen

plotted for the two types of fisijon (I nml 1) dis-
cussed §n the 1ext. RBeferences for the data plotted in
this figure can be found in%6 ,
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Pluin of the Toapaent (ol |l bivefic energy FFE (or. wwh A)
and prowpt neutim yivhe ¥ Gy vupke B) for the fiswien of
“Pu ap a funclion of excitatien coorgy E* (ef i8) ,
Reforenres fol the vagions duts plotted In this figune
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Fig. 17

Plot of the average rars £%my % of the beavy primary
fragmeuts eodtted in thc Hanion of 240py ag o fuct fom
of urhnlfnn entrpy B® (ref, 08), Bote the Jifferonce
ingt my foF the twe typor of fission discusaed jn the
text .
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