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I . I NTRODUCTION 

The distribu tion yields of mass and charge in fissi on can 
be quite na turally expla ined i n the framework of t he fragmen
ta t i on theory/1-4~In this t heory the mass and charge a symme t
r ies are treated as co l l ect ive variab l es beside the relat ive 
coordinate and further de forma t ion c oordin~tes describ i ng t he 
nuclear shape. The coo r dinates of t he mas s and charge asym
metries for two-body f ragment a t i ons are given' a s 

'A t - "A 2. Z - Z 2 
1 , 1) 71 '" A +A 71 Z = Z + Z2 
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which are discr e te coordinat es f or separ a t e nuclei and conti
nuous ones f or ove r lapp i ng f r agment s . The central point of the 
f r agment a t i on theory i s t he quantum mec hani ca l t r ea tment of 
the ma ss and charge asymme t r y coord i na t es . The wave func t i on , 
depending on 71 and 7jr al l ows one t o pr edi c t pr obabil i t i e s , i . e . , 
mass and charge y ields, f or t he outcome of f i s s i on r eac t ions . 
Si nce a quantum mechanica l descr ip t i on pr es umes a cohe r ent col
l ec t i ve mot i on , the theory i s r e s tr i cted t o f i s s i on a t l ow 
exc i ta t i on ener gies, unl ess t he col l ec t ive degrees of f r eedom 
are cons i s t ent l y coupl ed to t he s t a tis t i cal ly unordered i n t r i n
sic motion of t he nuc l eons . The l at t er extension of the t heo
r y be comes neces s ar y f or a r ealis t i c description of deep i n
e l as t i c col l i si ons and can be car r i ed out by opening t he dy
namical sys t em described by the col l ec t i ve coor dinates . 

The fragmentation t heo r y ha s bee n qui t e successfully used 
f or t he de scription of mass and char ge di s t r i but i ons in f i s
sion, quas i - f i s sion and deep- ine l astic co l l i s i ons , f or pr e
dict ing t he maximum of t he fus i on cr oss s ec t ions f or compound 
sys t ems ob tained by di f ferent t arge t - pr oj ec t i l e comb i na t i ons , 
for exp laining the asymmetry in t he mass t r ans f e r in heavy- ion 
co l l is ions and for the evalua t ion of li fe times fo r a l pha and 
he avy clus t er decay of act i nide nucl e i. Reviews about t he sta
tus of t he f r agment a t i on t heor y hav e been given by Gupt a /5/ , 

Maruhn et a l , 161 and SanduLescu e t a1. 17 •8 / . This t heor y shows 
two dis t i ngui shab l e struc t ur e e f fec ts i n the fi s s ion mas s dis
tr ibutions of ac ti ni de nuc l e i : 
i) The maxi mum fis sion mas s yie l ds a r e concentr a ted around t he 

symme t r i c ma s s f i ss ion ( 71 = 0) since t he l i quid dr op poten
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t i a l en ergy surface ha s a strong mini mum f or t he symme t ric 
fragmentation . Doubl e- and t r i pl e-humped fis s i on mas s dis 
t r i but i ons a ri se due t o she ll ef fe c t s i n t he pot en t i al ener
gy	 sur face (c l osed shel l s Z = 50 , N c 82) . and a r e i n ag
reement wi t h thos e observed i n exper iment . 

ii) In ad d i t i on the fi s s i on mass yi e l ds r eveal maxima in the 
shoulders whi ch l ead t o highly asymmetric f is s i on or, i n 
other terms , heavy c luster emi ssion. 

We should l i ke t o men t i on t ha t th i s new decay mode of heavy 
nuc l e i , inte rmed iat e be t ween nucl ear f i s s i on and a l pha decay , 
has been r ecognized i n 1977 by Sandul e s cu an d Greiner / 9 / , who 
have shown, tha t very a symmetric fi s sion can procee d through 
deep val l eys in the f r agmen t a t i on pot ent i a l which are generated 
by shell ef f ects of one of the f r a gmen t s c lose to the doubl e 

7,10/magic nucleus 208 Pb. These predict ions/9 • an d t he ca l cul a 
t i ons of l ife t i me s f or heavy c l us t er emi s s i on / 8. 11,121 a re co n
fi rmed i n t he meantime by exper i ment s . Ros e and Jones / 15/ Alek
s andr ov et a I , / 14/ and Gales e t al,l 15/ discovered the 14c a r adi o
activity of 223Ra,giving t he f i r s t eviden ce f or such a new t ype 
of decay mode. Also the emi s s ion of t he 14C cluster was obs er 
ved f or t he ne i ghbour i ng isotopes 222Ra and 224Ra by Price et 
a l . / 161 and theore t i ca l ly al so i nterpr e t ed by Shi and Swi a t e c
ki / 17 / .Ver y r ecent l y the f i r s t experiment a l r esul ts co ncerAing 
a new type of decay of 231Pa by Ne emi s s ion ar e reported 18/ . 

I n con tras t to t he spontaneous f i s s i on mass yie lds of t he 
ac t i n i de nuc l e i , wher e t he s trong asymme t r i c pe aks a r e many or 
der s of magn i t ude s sma l l e r than the main pe aks close t o symmet 
r i c fragmen t a t i on, we expe c t f or the f i s sion of excited medium 
heavy nuc l e i tha t the mass di s tr i but i ons show much l arge r asym
metric peaks. The f ol l owi ng r easons suppor t this assumpti on . 
The l i quid drop poten t i al a s f unc t i on of ~ var i e s only a f ew 
MeV f or 1111 < 0 . 8 and , ther e f or e , shel l e ffe c t s due t o the mag ic 
proton and neut r on number s Z = 20 , 28 , 50 and N = 20 , 28 , 50 , 
82 should lead t o va r i ous val l eys in t he po t en t i a l energy sur 
f ace and, cons equently , t o a l a r ger var i e t y of s truc t ures i n 
the mas s yie l ds ove r t he en t i r e range of t he mass a s~etry. I n 
t hi s connec t i on we like t o ment i on the s i t ua t i on in the case of 
l i ght e r compound nuc l ei . Bet ts / 19/ ha s measur ed the mas s distri 

160 +bu t i on o f 56Ni aft e r t he r eac tion 4lba a t 75 MeV and 
f ound maxi ma at a l l f r agmen t a t i ons with a- par t ic le s tructure: 
28Si + 28 Si , 32 S + 24 Mg , 36Ar + 20Ne , 40Ca + 160 .This exp eri 
ment demons t r a t e s tha t one can obta i n ver y s tructured mas s di s 
t r ibu t i ons i n the f iss i on of excited med i um heavy nucl ei . A f i r s t 
cal cul a tion of t hi s Inas s d i s t r ibution ha s be en carr i ed out by 

et	 al . / 20 1 i n t he Mal hotra	 f ramewor k of t he f r agment ation theory. 
I n t hi s paper we study t he fi s sion of exci t ed medi um heavy 

nucl e i choos i ng t he 17 2Yb compound nucleus as an exampl e . The 
f i s sion y i e l d of t hi s sys t em i s expec t ed to have s t r uc t ure s 
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art.s i.ng from the c losed shells with Z '" 20, 28. 50 protons 
-	 172 and N '=20 ,"28 , 50 , 82 neutrons . For exampl e the decays 70Yb'''t 02 -' 

132Sn ~ 40r. 124Sn 48r, 86 K 8~ ... 0 82 + 2lT""a 20 or'" 50 71 + 2(J a28 or -> 36 r50 + 34"e 52 
l eat t o nuclei with 4, 3 and 1 cased proton and neutron shel ls , 
respec tively. Experimentally, the exc i ted 172ybcompound nuc
leus can be pr oduced in reactions with protons , neutrons and 
a -particles and also by f us i on reac t ions wi th light ions as, 

180for example, + 154Sm and 22t-Je + 150Nd. I n t he fi r s t o f t he 
latter r eactions the reaction barrier has a height of about 
E lab = 71 MeV and t he 172Yb compound nuc leus is ob tained with 
a minimal excitation energy of 50 MeV. The corresponding num
bers for the second reaction are given by 87 MeV and 53 MeV. 

In Sect.2 we apply the fragmentation theory to the 172Yb com
pound system. We present the potential ene r gy surface as func
tion of t he mass asymmetry and the length o f the fissioning 
nucleus and the calcula tion of the fis s i on yield of 172Yb. I n 
Sect .3 we draw conc lusions f r om the predicted fissi on yi elds 
for future experimental studies of t he f i s s i on yie lds of exci 
ted medium heavy nuclei . 

2 .	 POTENTIAL ENERGY SURFACE 
AND FIS SION YIELDS FOR 172yb 

In t he ca l cul at i on of t he po t en t i a l energy surface t he f ol 
lowing coordinates for t he parametriza tion of t he nuc lear shape 
as shown in Fig . 1 are used: The s epa r ation o f the f r agment s i s 
measured by a length parameter e, which is the l ength o f the 
sys t em a l ong t he symme t ry ax i s . Under the a ssump tion of a homo
geneous mass and charge densi t y and of a constan t rat io of t he 
mass densi ty t o the charge dens ity (Le., '1 = TJz) , t he asymme t 
ry coordinate s TJ and 11 are reduced t o a s ingl e vo lume asymme t ry 
coord inate ~ = (V1 - V2 )'(V 1 + V2),whe re the volumes V and a r e t V2 
defined with a plane through t he ne ck of t he fi ssion i ng nuclear 
sys tem. The rotational ly symme t ric de f ormed shapes of the frag
ments are described with t he quadrupole de formation parameters 
f3 1 =·aj /bl (i = 1,2). The neck pa rame ter e i s defi ned by the ra
tio of barrier heights. o f the asymmet ri c two- center potenti a l 
~ = Eo/E ', see fig . I). With these coordinates the pot ential ene r 
gy is a fun ction of f, ~. f31' f3 and f. In addi tion we assume 2 
a dependence of the potentia l on t he temperature T. The poten
tia l is ca lcul at ed as the sum of three te rms , name ly the energy 

of the liquid drop model of Meyers and Swiatecki /21,22/VL OM 
with a modi fied surface asymmetry cons tant and t he ener gi e s ou 
and BP fo r the shell and pairing corrections : 

2	 2
V(e.~. f3 1, f3 • f. T) = \OM + (8U + oP) exp(- T ITo )' ( 2 ) 2
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B, -o , /b, Fig . 1 . Definition of t he pQ1'CU1le t er s of 
B2' o2/ 

b
2 t he nuclear shape and t he carreepondinq 

two- cent er she l l model potentia l a long 
b , J It>, '\	 the axis eonnectrinq the nucl ear oentiere, 

The neck parame ter is def i ned by the ra
tio of barr-ier hei gh t s = E olE ' as indif 

aat ed in t he lower half of t he f i gure . 

The shell corrections 8U are ca l cu lated 
with the single-part icle energi es 
E~ ( r, ( , f3 1 , f3 2 , () of the as ymmetric 
two-center shell mode l / 231 i n t he frame
work of the renormalization pr ocedur e 
of Strutinsky/24(The shell and pai r i ng 
cor r ec t i on energies are mul t i pl i ed by 
a phenomenologi ca l t emperature-dep end en t 
f ac t or which e f f ec t i ve l y describes the 

, E '/ z vanishing of t hes e correction energies 
fo r temperatures l ar ge r t han a l i miting
 

temperature To assumed as To = 1. 5 MeV in the f ollowi ng ca l 

cul ations. The corresponding intrinsic excita t i on ener gy above
 
t he potential energy surface i s rela t ed to t he t emper a t ur e T
 
of t he compound system by
 

A 2E * = T • (3 )
10 MeV 

According to this f ormula he she l l e f f ects of 172 Yb are dimi 
ni shed above an exci t ation energy of E* = 38 .7 MeV, i f we se t 
To = 1. 5 MeV. In order t o s i mp li fy t he dep endenc e of t he poten
ti a l on t he five geome t r i ca l var iables , we as sume tha t the f is 
sion pr oces s , descr i be d by t he coord i nate s r and ( , i s ad i aba 
t i ca l l y s l ow i n compa r i son with t he time evol ution of t he de f or 
mat ion and neck degr ees of fre edom. Ther e f or e, i t i s j us t if i ed 
t o mini mize t he po t ent i a l (2) wi th r es pect t o t he de fo rma tion 
par ame t ers f3 1 and f3 2 of t he f r agments and the neck parame t er 
f or f i xed values of f. an d ( . I n the f ol l owi ng calculations the 
pa r ameters f3 l , f3~a nd ( are obtai ned by minimizing t he t ot a l 
pot ent ia l energy V( f , ( , f3 , f3 , ( , T = 0) or t he LDM ener gy 

2
V ( r , e. f3 

l 
, f3 ' () f or !li ve n va l ues of P and e. The fi r st

L D 
minrmization procedur e i s the mos t adequa t e one f or t he f i s s i on 
pr obl em, bu t ver y t ime consumi ng beca~ s e of the r epea ted ca l cu
l a t i on of the t wo- center shel l model en ergie s . The mini mi za
t i on of i s a use ful a pproximation f or the f ul l mini mizaVL DM 
t i on i n t he case , tha t t he po t en t i al de pends more sens i t i ve l y 
on the deforms don t han on t he sh e ll struc t ures . 

Fi gure 2 shows t he ca lcula t ed poten tial s f or zer o temper a 
t ur e a s fu nc t i ons of 17 - ( f or P = 2 1 fm ( f3 1 , f3 2' ( f r om 
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Fi g . 2 . The fi ssion pot ent i a l Fig. J . The de fo rmat-i on para
of 172Yb f or lengths f z: 21 meter's fl 1 and f3 2 of the frag
and 24 f m and zero temperature ments as f unc t i on of " 
as fi~ n~tion of' the asymmet r y JOT' E z: 24 f m obt ai ned by 
~oordi nate 17 . The po t ent ia mim:mizi ng V l,n t h reepect: 
,fOl ' f z: 21 fm ( Lauer curve ) i s o fl p fl2 and . f or fixed f 
calcu la t ed un: th parame t er s Pop and 7J and ;: 8 1'0 t empera ture , 
f3 1 and e obtained by minimi
zoing VI,DM' t he pot ent -ia ; f or 
f = 24 fin (uppe r ~u1'Ve ) by 
minimi z i ng V. Fragmentat i ons 
wi t h closed s he lls are i ndi 

at ed by aI'f'0lJ8 and the aOf'res
pOl1ding p f'ot on and neutro n 
numbe r."! are Wl'1:tten a t the 17 
axis . 

min VlDM ) and P = 24 fm (min V(P, f. , .r3 1~ fl ,( , T= 0») . 
The energy values a r e re f erred to t he lLquid drop mode l energy 
of the spherical compound nucl eus, which i s set at zero. One 
recognizes a smooth average rise of th e potentials of 3-4 MeV 
be tween 71 " 0 and 7/ = 0 .7, whi ch i s due to the l i qui d- drop 
model ener gy . The oscillating behaviour of the curves i s gene
rated by the she11 and pairing correc tions. At the 17 -axis i n 
Fig .2 we indicate t he magic neutron and proton numbers of the 
f ragments occur r i ng at these" va lues . The magic number s Z = 
= 20, 50 , N .. 28 and N = 20 , 82 are found at 17 " 0.43, 0. 45 
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~ ~~~ ~ 

0 25 0.30 0 35 0 ' 0 0.' 5 

~~~ ~~ 

~. 0 0.05 0 10 0.15 0.20 

~~~~ ~ 

YB-I72 L= 24 MI N eVl DH + oV) 

Fig. 4. The nuc l -ear s hapee of t he f issi oning l'T2yb nucleus 
for f = 24 fin and various va lues of t he mass asymmetry 
coordi nate . The correspondi ng def ol'mation parameter s 
are gi ven i n Fi g. 3. 

and 0.61, respect ively. The various minima in t he potentials 
can par t l y be associated wi t h t hese magic number s , but t he 
shapes of the f r agmen t s are deformed . Figur e 3 gi ves t he r a 
t i os aj I bj = {3jof t he axe s of t he f r agment s for f = 24 ; an d 
Fig.4, t he corresponding f i s s i on shape s . As we have proven 
by calcula t ions, t he sudden sci ss ion of the neck will set in 
at lengt hs around f = 25 f m, whe r e t he ener gy of t he separa
t ed - f r agment s becomes lower t han the ener gy of the f is s i on 
shapes shown i n Fi g . 4 . The potent i al energy sur face is app l i ed 
i n t he ca l cu l a t ion of t he mass di s t ribu tion. For s i mpl i c i t y 
we decouple the ~-m o tion f r om t he f - (or rela t ive) motion of 
t he f r agment s. In t ha t case t he wave f unc t i ons for t he mas s 
asymmet r y de gree of f r eedom are de te rmined by the f ol l owi ng 
e igenval ue equat ion ( ~ '" ~) : 

2(__ h_...E- 1 a 
~ - + ver , '7, T » ifJk (7] , 

0 
L, T » = EkifJk (7] , f. T) . (4)

2v~ a~ vB a~ 
~7] 

The mass coeffi cient B~ i s se t as a constant average d value. 
It is computed wi t hin a c ons i s t ent me t hod by a ppl yi ng the cran
king model inc lud i ng r esidua l interactions of BCS-pairing type 
with the same single-par ticle sta t es o f the asymmetr i c t wo
cen ter mode l as used in the calculation of the she l l correc
t ions . For a temper atur e T of the f iss i oni ng compound system 
we can assume tha t t he e i gens ta t e s of ( 4) are occup ied with 
a Boltzmann di str i bu t i on fu nc t i on . Then t he probab ility densi
ty of the mass a symme t ry i s obt a i ned as 

2
w( '7 , f, T ) =	 ~ axp ( - E k I T ) I ifJ k ( n. f. T) I ~ axp ( - E k I T) • (5)

k k 
6 

m Yb 1· 211m	 ... Fig. 5. The f i ssion mass yie ld i n 
~ percent for 172Yb as funct i on 0 

10	 the nuc l-eon number of t he fis s i011 
f ragment or t he mas s asymmetry coor 
dinate ~ . The curves are ca l cu l ated 
wi t h the potential for l' = 21 fm 

0'	 shown in Fi g . 2 and fo r the temperatu
res T = 0 (- -) , 0. 5 (- ' - ) , 1. 0 
(- ) and 1.5 (- ) MeV. The arr ows 
i ndicate the posi t i on of f i s si on 
f ra gment s wi th c l osed proton or neut
ron shell s . 

10-' 

" 2Yb 1. 2' 1m 
l(f ~ 1 I i ' . I I 

I n I II	 ~ ~t I06 Ob .6', I " 0	 '0 
A
 

1

. e ~ 0 - . ~ 0 ·2: 0 0. ' 0 2. 0 ••10 &.TO 

ETA · E- 1 1 

.,-' Fi g. 6. The fi ssion mass yi e l d in 
percent f or 172 Yb ca lculated wi t h ~ 

11" , I , i ' Ithe pot ent i a l for f = 24 f m s hown 
in Fig . 2. For t he f ur t her expla
nation see the f i gw'e caption of 
Fig. 5. 

where W i s normal ized i n t he i nte rva l -I '5.. ~ ::; I wi t h the vo 
l ume element VB~~d~. The fiss i on mass yie ld , norma li zed t o 200%, 
is given by t he ex pression 

yeA1) = W (~ ,	 f . Th / Bn 400 . ( 6) 
. , ~ A 

Fi gur es 5 and 6 show the fi ssi on mass yields of 172Yb calcula
ted for f i xed l engt hs P = 21 fm, respectively, and t emper a t ur e s 
T = 0,0.5 , 1.0 and 1.5 MeV. The correspond i ng exci ta tion ener 
gies of t he 172Ybcompound nucleu s ab ove the f i s s ion potentia l 
can be eva luated accor di ng to Eq . (3). For T = 1 MeV we ob t a i n 
E* = 17.2 MeV. The ca l cu l ated fi s sion ma s s d i stribut i ons ref 
lec t the struc t ures of t he pot en t i a l s V(e, ~ , T). \~i th i ncreasing 
excitat ion ene rgy of t he f i s s i oning compound sys t em hi gher e i gen
states of t he mas s asymmet ry degree of f r eedom contr ibu t e in 
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ture of a c l us t e r emi s s i on f r om heavy compound systems, whereEq . (5) t o the probability density and, consequently, t he shoul
one assumes a preformation of t he cluster s (e . g . , a l pha-par der s of the mass dis tribu tions become s t r uc t ur ed due t o t he 

minima in t he pot ent i a l a t l arger va lues of ~. 

Di f f erent ly to t he f is s i on mas s di st r i but i ons of t he acti 
nide nuc lei the ca l cul ated di s t r i bu t i ons of the medi um heavy 
172Yb compound sys tem are extended t o l a r ger mass asymmetries 
with an appreciab l e hi gher mass yield. For exampl e the distri 
bution f or r '" 24 fm and T = 0.5 MeV has dropped from ~ = 0 
to ~ = 0 .5 by two or der s of magnitude only. Therefore, in me
dium heavy nuc lei f ission events with very asymmetric mass ra
t ios should be exper i men t a l l y more easily observable . The ma
ximum at 'f/ = a in Figs . 5 and 6 i s generated due to the magic 
neutron numbers 50 in both fragments . In tha t case pre f e r en tial 
decays into channels like ~~K r 50+ 8364 ~ 52 or ~:;,Mb5Q. + ~~i52are 
to be expected. The shell closures w~ th Z l = ~O, Z2 = ~O and 
N2 = 28 a t 11 .::: 0 . 45 lead t o the s tructures around 11 = 0. 4 and 
0 . 5. I n t ha t r ange of the mass asymme try coordina t e the follow
i ng f i s s i on channel s with closed shel l nuc l e i as product s are
 
possible : 12toSn74 + ~~a 28 (11 = 0.44), l~~Xe 76 + 4:; 28 (1/
 

= 0.49) or l ~~ sn 82 +: Ca 20 (11 = 0.53) . A more a symme t r i c fi s -

sion process readi ng to nuclei wi th c l osed shel ls i s t he decay 
i nt o 18: 68a82 + ~~Si80 (1/ = 0.6). For 1/ > 0.65 one of t he frag
ments as already a light nucleu s with A2 .s; 30. Fission proces
se s wi th a l i ght nucleu s i nvolved and de no t ed al so as heavy 
c l us t e r emi ssion s hould l ead t o additional s tructures in t he 
f i s s i on mas s yie l ds . But pr es ent l y the very a svmme t r i c par t of 
t he fi s s i on mas s yield (11 > 0. 7) canno t be" mea~i;gfully ca lcu
la t ed with the presently used as ymmet r i c two -ce nter shell mo
del. 

3 .	 CONCLUSIONS 

The impor t an t r e su l t f or t he f i s s i on of ex ci t ed med i um heavy 
nuc l ei is t he exp ectance of broad and s t r uctur ed mas s distr i 
bu t ions . Dif f erent ly t o the ac t i nide nucle i also t he very asym
met ri c fra gmentations sh ould be mor e eas ily exp eri mentally ob
servable , because the very a symmet ric yields are suppr e s sed 
by on l y a few order s of magni t ude in compar i son t o the yields 
of the symmetri c f ragmen t a ti ons. The structures ar i se due t o 
t he various she l l c l os ur es in t he ne u t ron and pro t on s he l l s 
of t he f r agment s . 

In principle t he fragmenta t ion t heory describes t he fission 
of the compound system f or a l l mass asymmetries . In the case 
of very a s ymmetric f r a gmentati ons (A 1»A2 with A2 <30) t he 
fragmenta tion theory a l so tre a ts the two-body br eak-up a s 
a f i s s i on pr oces s des cribed by t he shap e par ame t e r s of the nuc
l ea r system. This i s in a cer t a i n cont r a st t o t he extreme pic 

a 

tic l e s ) inside the compound system . The terms " c luste r emis s i on" 
and "fission" amalgamate i n to the same meaning i f we suppose 
t ha t the compound sys tem fo rms mol ecu lar-like clus ter conf igu 
r a t i ons which can sepa ra te wi t h increasing r e l ative distances. 
In the case of the fiss ion description thi s process is descri 
bed by collective shape coordinates and a ffect ed by she l l ef 
fects in the potentials, whereas i n the cluster descrip tion 
a micloscopi ca l treatment i n the framework of t he gener ator 
coo rdi nate method can be considered. Bo t h t r eatment s shoul d 
f i na l l y give t he same mass and charge distributions. 

It would be quite interesting to s t udy t he ene r gy dep en
dence of the fission yields of excited ligh t and medi um heavy 
nuclei a s func tion of the excitation energy . Probably s truc
tures as function of the exci tation ener gy may be observed 
for certain values of the mass a symmetry coo r dinate . Thos e 
s t r uc t ur es can be though t as unique s i gna t ures f or the forma
tion of longer living nuclear mol ecul ar states. Theref or e the 
investi ga tions of mass and charge fission yields of light and 
medium heavy nuclei would be an exce l l en t a l t e r na t i ve exp eri 
menta l too l t o l earn more abou t t he exi s t ence of nuc l ear mole
cul e s in heavier nuclear sy s t ems . 
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C3HAynecxy A. H AP· E4-85-210 
PacnpeAenenHe no MaccaM npH AeneHHH B036YEAeHHhlX 
CPeAHHX Mace RAep 

MaccoBoe pacnpeAeneHHe B AeneHHH B036YEAeH8hlX cpeAHHX 
Mace RAep 6MUO 06C~eHO Ha OCHOBe TeOpHH ~parMeHTaqHH. llo
Ka3aHo, qTo oqeHb &CHMMeTpHq8hle C06~THR O~~TCR Ha HeCKOnb
KO nopRAKOB MeHbme, qeM AflR cHMMeTp~Horo AeneHHR. PacqeT~ 

AnR Maccosoro pacnpeAeneHHR 6MUH CAena8hl AflR cocTasHoro RAPa 
172Yb xax npHMep. 3To MaccoBoe pacnpeAeneHHe noKa3~aeT 
CTpyKTYPhl AnR QenOA o6naCTH MaCCOBOA acHMMeTpHH, 060CHOBaH
Hhle AOnHHaMH B llOTeHQHanbHOA 3HeprHH C 3aMKHYTNMH o6onoqKaMH 
npOTOHOB HnH HeATpOHOB. 

Pa6oTa BhlfiOnHeHa B na6opaTOPHH TeopeTHqecxoA ~H3HKH OHHH. 

Cootl .. eHHe 0ttl.eA1fHeHHOrO HHCTHTyTa Jl~epHWX HCcneAOB&HHA • .QyGHa 198~ 

SAndulescu A. et al. 
Fission Mass Yields of Excited Medium 
Heavy Nuclei 

E4-85-210 

The mass distributions resulting from the fission of 
excited medium heavy nuclei are discussed on the basis of the 
fragmentation theory. It is shown, that very asymmetric 
fission events can be expected with rates which are only 
a few orders of magnitude smaller than the rates for symmet
ric fission. As an example a calculation of the fission mass 
distribution of the excited 172yb compound nucleus is presen
ted. This mass distribution reveals observable structures 
over the entire range of the mass asymmetry due to valleys in 
the potential energy surface for fission fragments with 
closed proton and neutron shells. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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