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INTROOUCTION 

Four methods allowing to predict new decay modes of 

atomic nuclei Ьу spontaneous emission of heavy ions (H I ' s) 

have been reviewed 1 ' 2 since 1980' assuming for the mechan-

either emi ssi on of а pre-ism of these new radioactivities 

formed cluster, or а very asymmetric fission process. А n e w 

peak, due to the 48 Са emission has been seen 1 in the fission 

fragment mass distributions, 

fragmentation theory 3 Eight 

calculated 

even-even 

Ьу means of the 

( е-е ) HI's ( 1 4 с, 

2 4 Ne, 28 мg, 3 2
, 34 s i, 4 6 Ar, and 48 • 50 Са) have been iden-

tified 1 in the penetrability spectra of 16 е-е nuclides, va-

rious isotopes of the ele10ents Ra, Th, Pu, Cm, с f' Fm and 

No, as the most probaЬle emitted clusters from these ра-

rents. А numerical supeгasymmetгic fission mo~el deгived fог 

binaгy systems with chaгge asymmetгy ~iffeгent from the mass 

asymmet ry was deve loped, to compute а measu гаЬlе quant i ty -

the half-life - and was used to descгibe the a-decay process 

1 • 2 and the new decay modes 4 • 5 • 

In а systematic seaгch of the new decay modes, one has 

to take into consideration а very large numbeг of combina-

tions paгent-emitted HI's. Fог example if we intend to st ud y 

stability of 2200 nuclides (gi ven Ьу Wap stra and Audi in 

new ma ss taЬles 6 ), гelat i ve to the emis sio n of 200 НI 's, 

the 

the 

var i ous is otopes of the elements with atomic numbeгs Ze=2 

-26' this number is of the o rdeг of 10 5
• Hence, analytical 

relationships are needed to perform the computations in а 

гeasonaЬle time. Fог this purpose the analytical superasym -

metric fission model ( ASAFM ) was derived 2 and it was exten-

ded 7 
to account for angulaг momentum and small excitation 

2 

energy effects. show n 2 , 7 that It was all nuclides of 

known masses аге staЬle with respect to the emission of 

2' з н' з,б-9не , 4 Li, 7в 9с' 9 ве, and 12С, but 1 б 0 , etc. , 
аге good candidates fог the 11ew modes. When 

5 не гadioactiv-
ity was pгedicted 7 , а simple rule governing these Pl'ocesses 

was found: 
the maximum value of the 

fог а given emitted Н!, 

emission rate (mi n imum half-life) is oЬtained when the 

daughteг ha s magic neutron a nd pгoton numbeгs (Nd 
12 6' 

Zd = 82) о г not vегу fаг from these. The гule was con-

fiгmed when other emitted Н!' s with incгeasing Z wеге con

sideгed9 • 4 
• 

5
• д compгehe n sive l ist, containing mоге than 

140 pгedicted decay new modes could Ье found in the Re f . 5 . 

An up-dated version of а review рарег 1 0 descriЬing the еагlу 
woгks , will Ье puЬlished soon (see also 11 - 16 ). 

Shi and Swiatecki
17 

developed а supeгasymmetгic 
fission 

model based the оп proximity + Coulomb potential, allowing 

to compute t he bгanching гatio relative to the а decay, in 

agгeement with that of the two decay mod es which have been 

expeгime ntal ly discovered in 1984: 1 "с a nd 2 "Ne radioactiv

ity. The expeгimental evidences 18 - 2 " wil l Ье pr esented Ье-
low, in а special section. 

The bгanching гatios гelative to а decay, ог the abso-

lute values 
of the paгtial half-lives deteгmined in these 

experiments, 
аге in ag r eement ( within 1.5 ordeгs of magni-

tude) with the estimations made in the fгamewoгk of ASAFM. 
Oue to the fact tha t the calculated half-life is extгemely 

sensitive to the vaгious paгameters of the potential and of 

the nucleaг shapes, this гesult seems very pгomissing. 
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Consequently we hope that а taЬle with estimated pro

perties o f the most рrоЬаЫе HI ' s sp ontaneously emitted from 

parent nuclides , including some " staЫe" ones could Ье used 

as а first gui de Ьу the experimentalists or theoretici a ns 

working in this new field of r es earch to choose the objects 

and the means of their future investigations. Even if а dif-

ferent value of the half-life will Ье found in the experi-

ment, there is а little chance to get another hierarchy of 

the most probaЬle emitted HI 's if the assumed masses are 

correct. Of course, more accurate mass values for some of 

in some the parent or daughter nuclide s would help to obtain 

cases estimated half-lives closer to the experimental ones. 

We expect, also, that the new experimental results could Ье 

used to improve the model, as will Ье shown in the following 

sections. 

МЕТНОО OF CдLCULдTION 

The absolute value of the partial half-life, Т, for the 

spontaneous emission of ions heavier than 4 Не is estimated 

in the framework of the дSдFМ. The branching ratios relative 

to а decay are calculated Ьу using half-lives, Та, taken 

from а set of about 380 experimental values
25 

selected from 

various original or compilation sources
26

-
35 If the parent 

nucleus is not availaЬle on the taЬle 25 of Т а • а 

semiempirical formula
2 

• 
36 for the a-decay life-time is 

used to estimate Та, and this fact is mentioned in the 

tаЫе Ьу giving different valueв of the code number Са· 

The estimated li fe-times, Т а, could Ье used to вearch for 

new a-emitters. 

4 

Selection of parent nuclides and emitted heavy ions 

The gr ound state of almost all nuclides with atomic 

number, Z, sma ller than 34 are staЬle with respect to HI's 

emission. 

For each par ent nucleus ( д, Z) with Z>34 and known mas s 

value 6 , having а total half-1ife 28 Tt longer than ~s, 

and the a-daug ht e r also on th e ma ss taЬle 6 , one takes into 

considerations a ll the combinations emitted HI (де ,Z е) 

daughter (дd ,Zd ) such that 

д дd+де Ze+Zd ( 1 ) 

in which besides the a-particle, the emitted Н! is one of 

the following nuclides: 5 не; 8_10Ве ; 11, 12 8 ; 1 2_1бс; 

13_17N; 15 _ 22О ; 18_23F; 20_26Ne ; 23 _ 28 Na; 23 _30Mg; 27 _ 32 дl; 

28_36Si; 31_39Р; 32 -4 2 S; 35 _ 44C l, 37_4бдr; 40_49К; 44_51Са; 

4 б _5 2sс; 47_54Ti; 49_5бv; so_sec r; >3 - бО мn; S4_б3Fe; ss_бsc 0 

and 
58

-
69

Ni. I f Ze >Z / 2 the search is stoped . For scme of 

the very neu tron deficie nt o r v е гу neutron-rich nuclides, 

Tt, is not measured up to now, but there are 28 • 37 • 38 

estimations of the ~-dt! cay half-lives, up-dated recen tly 39 

in case of neutron гich nuclei. The mass value of а d aughte r 

which is not availaЬle in the taЬle 6 , сап Ье replaced either 

Ьу ext r apolated values calculated with а computer pгogram 

kindly suppl ied Ьу J . Jiinecke 40 , or Ьу some estimations se

lected from 1975 mass predictions 41 and f rom the Ref.42. д 

code numbeг С, Се or Cd specify the source for the mass 

va.lue of each of the three partners: parent; em itted Н! and 

the daughter, respectively. 
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Fог each o f the combinatio n ment ioned above the Q- va l ue 

off e гs а s el ec t io n possibil i ty . I f 

Q: М ( д , Z)- ( M ( д d ,Zd ) + М (де ,Z е)] ( 2) 

has а nega ti ve va lu e , th e nu c leus i s s taЫe гelat i ve t o this 

decay mode . The ma ss exce ss М is gi ve n i n MeV. Fгom оuг е х-

pc r i enc e , we kno w that even if Q>O but has а small value, 

l e t Ье Q<0.9 Ze MeV, thi s mode has no chance to compete 

wi t h th e most рrо Ь аЫе ones, hence it c an Ье skiped. For а 

total number of modes nq with Q>0 . 9 Ze, gi v en i n the 

tаЫ е, one computes the half-life, in sec ond s with а for-

mul a given below. 

Th en the nт mode s with log Т < 50 ( of courэe nт 

n
0

) are arranged in the incгeaвing order of and i f 

nт > 8 only the first 8 one s are given i n the tаЫе. If the 

c ondition T<10 50 s is not fulfilled for any deca y mod e with 

де > 4, thiв par ent is not given in the tаЫе even it is сх 

emitter. Due to the above mentioned two conditions ( parent 

оп the new ma ss tаЫе and log Т < 50 ), оuг tаЫе begins with 

Z:47 inвtead of Z:34. In fact we made оп е exception, giving 

а paгent nuclide with the mass value not tabulated Ьу 

Wapstra and дudi. We know that all nuclides with Z>40 аге 

metastaЫe with гевресt to the HI 's emission but the life

t i me is langer than 10 50 s far thase with Z < 47. 

Тhеге are many a t heг nuclides with log Т < 50 which are 

nat given in the tаЫе as fог example the neutгan-paaг 

6 

106 те, 155 Lu, 157 Hf, 158 Ta,and the neutran ri ch 219 • 220 At, 

222 Rn, 229 _ 232 дc, 232 _ 234 Th, 233_236 Ра, 236_239 U, 237 _ 24 2 Np , 

242-24 4 Pu, 246,247дm, 247 - 250c m, 248 - 252B k, 2so - 2s 4 c r, 

253_25 6 Es, etc. ,due to the un ce rt ai ntie s in the mass value s 

of so me daughteг nuclid es l ike 98Cd, 148 ть , 14 5 оу, 1 4 6 н 0 , 

199 os, 2ОО - 202 r г , 202 - 205 Pt, 2О5 - 2 07дu and 208,2 09 Hg . 

Th e analytical r elation s hips fа г the partial h a lf-lif e 

г elative to HI's emissio n 

In the fгamewark of д 5дF М 2 • 7 the decimal logarithm o f 

the half-l i fe, Т , expгessed in seca nd s, is qiven Ьу 

la g Т 0 .4 3429 ( K
0

v + К 5 ) - log Ev - 20.8436, ( J ) 

wher e K0 v and К 8 are two te rm s a f t he ac tian inte g r a l 

K:K 0 v+K 5 , co rr esponding to the averlappi n g and separated 

fragments, гespectively: 

(/l z , 2 2 '/21 ~ 
Kov = 0. 2196(Е:~Ае !А} {(Ь - o7.)

1z- ~ Rn [Ь+ (~ -а ) J1c
4

) 

ilг 

О. 4392 ( Q'AJ. Ае \ R ;;; 
А ) ь -m,L 

k 
5 ( 5) 

They depend on the Cou lomb, Ее, and centrifugal , [~ in -

tera ction contri bution s t o te ba r rier height: 
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Е . = Е. + Е · Е = 1. 4 4 Z.J. Ze 
""' с ~ ) с 

Rt 
Е. = гo.7зs.f(-f+1JA . -о 

{ 2 t=E-Q 
R А А ' ь "' . ( 6) 

t d е 

дll the energies are expressed in MeV and the lengths in 

fm. There are also, the "exit" and touching points, Rь and 

Rt the lengths а, Ь and the dimensionless parameters r, m, 

с : 

Q' Е 1/z] Jt i/з А/ 
R,~ R~7o [Н~ + с:') >' = R,; ">г. ( ~ +-\') 

( 7) 

Ql * 1 )''l. =-(\+ f +Е · -b(Q-Q \.)(. v ) U.- -- . 
Е" ' ь 

Ь= R -R· 
t "' 

( в ) 

"' 'lz. f с - 2 1" ~ = (c+m- 1) _ ['~" ( c-r-)+rnJ + ~ arc sи z 
4 

•tz. 
1111с. (с + m) 

- arc. ~~ f) t. - 2 
( с 2 + 4 rY1 "·/'l J + 

+Гт f-п 

rzE~ 

а: 
m= с 

•12. 

{ 
2. y.;rj[rCc -r)т-rn] +Cf' +2m~ 

~ ( 9 ) 
r{ 2. Гm (с + rn - i ) 1

' +с. + 2m] 

,..Е" 
Q' 

r = 
о 

1 2 249 fm < 1 о) 

where Е* is the fraction o f the excitation energy, con-

centrated in the collective mode leading to separation and 

8 

~~ is the a ngular mom entu m whic h ca n Ье found 7 fro m t h e s p i n 

and parit y conservat ion l a ws. In t he followlng we co n sl der 

only e mi s sion from th e gr ou nd s t a t es , hence Е*:О. д s mall 

a ngular momentum, up to fi ve unit s of 1'1, ma ke s an im p ort a n t 

c ontribut l on l \1indrance) to t he l i f e t i me onl y f or very l ight 

emitt e d p a rti c le s , as it was sho wn 5 pr e viousl y . Con seq u e ntl y 

in а fir s t a pproxim a tion we can t a ke ~= 0 . 

From а fit wi t h se l e ct ed set of ex p e rim e nt a l data 25 o n 

379 a- e mitt e r s a n d 14 С r a d i o activ i ty of 22 3 Ra t he f ol l o wi n g 

law wa s found 4 , s for t he ze ro po int vib r ation e n e r g y : 

v 

4 А -
Q[ О.05б t- D 0!>9~x p ( ;~)j ;Q> D ;~?.'t ( 11 ) Е 

in c luding the sh ell- e ff ec t s wh i ch are pr esent in Q-va \u es . 

Wh e n the a -emi t t e r s h ave bee n g r ou ped acco r d in g t o 

e ve n (е) and o d d ( о ) pro t on and ne utron nu mbers l i ke i n case 

o f the se ml e mp l rical fo rm u l a 2 • 36 , i t was s hown 4 l l1 a t t h e 

agree me nt with ex p eri me n ta l r es ult s is impr o v ed if Ev /Q 

t a k es diff e r en t v a l ues .i n va r ious g r ou p s o f nuc l id es , in-

s te ad o f o nl y o ne (0 . 095) Гог a ll a - pare nt s r ega r d l ess t h e i r 

e ve n-od d cha r ac t e r. The opti mum Ev/ Q va lu es have bee n : 

о . 10 5 fo r е - е ; 0.090 fo r е-о ; 0 . 095 f o r о-е and 0.0 75 for 

о - о . Thi s means t hat t h e а pa r t i c l e e miss l on r ates f rom о -о , 

е-о and о-е parents are hindered relat i ve to th e emisэio n 

f r om е-е n uc l ides, o r equi valen tl y : e mi ssi on ra t es from е - е 

p a r ents are e nhanced. д simila r odd-evc n effec t, expected 4 

f o r Н! ' s , has b een i ndeed obse r ved 43 f or 1 4 С radioac tivit y 

of 
222

•
223

•
224

Ra znd of 2 2~д с. For Hl' s em i ssion we can 

assu me , for the beginning, the same ratios of Ev. Hence we 

shal l pre s e n t ln tt1e table, two estimatlons f o r the ha l f -

lif e : Т and Т' computed Ьу using, Ev• and 

9 



{ 1 • 105 for е- е 

Е' Е 
0.947 for е-о parent . ( 12 ) = х 
1. 000 for v v о-е 

о. 789 for о-о 

One c a n see that the agreement wit h experimental results for 

1 4 с radioactivity of Ra isotopes i mproves i n this way. It 

would Ье intere s ting to find if а similar even-odd effect in 

zero po i nt vibr a tion energy i s also present for the z 
е' 

N 
е 

of the emitted Hl's of different parities ( for examp-

le to compare 2 4Ne emis s ion with that of 25Ne). 

Semiempirical formula for a-decay half-life 

For a-decay, K0 v is always only а small percent of К 9 

and one can 2 o 36 write 

-;-т.: ОА 34-2l3 К - 20 .446 ( 13) 

k :;( ks ( 14 ) 

. •lz. 
Ks:: 2 . 5 295ЬZ..L ( Ad/AQ) [Qrc cosJ>< - ( 15 ) 

413 

-Гxrf-1{)] ~ х= 0.423 Q ( 1 584-7 +А.1 )/4t 

The quantity х is close to unity and has а "saw-tooth" 

varia ti on versus the neutron number N:д-Z of the parent nu-

cleua, the maximum values being reached at the magic nuмbers 

for even N and at the mag i c-plus-one for odd N nuclides. 

)() 

I t is exp r essed as а second огdе г polynomial 

2 2 Х = В 1 + В 2 у + B3 z + В4 у + B
5

zy + B
6

z ( 16 ) 

i n th e r ed u ced variaЫes у and z expressing the distance 

f rom the closest magic-plus-one numbers ~i and Zi, in 

the neighbourhood of N a n d Z : 

у - (N - Ni )/( Ni+1-Ni); N. < N ' Ni + 1 1 

N. = . . . , 29' 51 ' 83' 12 7 ' 185' .. . ( 17) 1 

z = ( z - zi )/( zi+1-zi); z. < 
l 

z ' zi+1 

z. = .. . ' 29' 5 1 ' 83' 115' .. . 
( 1 в) 1 

with parameters ( Bk ) ' given in tаЫе 1' obtained fr o m а 

fit with experimentai data 25 оп 12 5 е-е, 111 е-о, 84 о-е a nd 

60 о-о nuclides. А computer proqram 36 а! Jows to imp rove a u

tomatically t he parame ter s Bk, each time а new set of ех-

peгimental data ( completed wi tt1 new alph a emitters or mo re 

accurate measurement s) i s availaЫe. 

ТаЫ е 1 

Bk paramet e r va l ues of s emi e mpi ri ca l formul" fo r a-decay 

half- l 1fe 

Group 
of 
nuclei 

81 в2 8з в. Bs 8 6 

е - е 0 .98 5 9f1 0 . 022 841 0.024 584 0.02} 279 - 0.000 71 6 -0.022 562 

о - е 1.000 560 0.010 78 } 0.05 0 67 1 0.01J 919 0.04} 6 5 7 - 0.079 999 

е - о 1 . 017 560 - 0.1 1 } 054 0.019 057 о. 14 7 JZO O.ZJO JOO - 0.101 52} 

о - о 1.007 740 -0 .1 84 1}6 O.Z6o 26 8 О. ZJ 1 900 0.326 02 5 -0.407 280 

-----------------
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Experimental discoveries. Branching ratios relative to the 

total and single a-transitions 

The first of the 8 new decay modes predicted 1 since 

1980 was discovered experimentally Ьу Rose and Jones 18 . With 

а standard silicon telescope д Е-Е detector, they observed 11 

events of 14 с emission from 2 2 3 Ra, during а run of 189 days 

and 9 events in а run of 194 days.In а similar experiment 

perfo rme d with а more inten s e source, дlexandrov et а1 19 оЬ-

tained 7 events in 30 days. д superconducting magnetic sole

noid spectrometer used Ьу Gales et al. 20 , allowed to sup-

press the а particles in competition with t•c. They identi-

fied the 14 С nuclei with а semiconductor telescope placed in 

the focal plane of the spectrometer. дll three groupes 18 - 20 

used 227 дс source material, with which the emitter 22 3 Ra was 

in secular equilibrium. 

Price et а1. 2 1 have used the ISOLDE on-line separator 

to produce sources of 22 lrr a n d 2 2 l ' 2 2 2 ' 2 2 3 ' 22 4Ra 

and polycarbonate track-recording films, not sensitive to а 

particles. They discovered two new t•c emitters: 222 Ra ( 52 

events ) and 224 Ra ( 22 events) and confirmed the previously 

measured branching ratio for the parent 2 23 Ra ( 56 events). 

Recently, Kutschera et al. 22 measured the energy and the 

mass of 14 с nuclei emitted Ьу 223Ra, using а strong 

source and an Enge split-pole maqnetic spectrograph. 

days they recorded 24 events. 

22 7Th 

In 6 

24 Ne radioactivity 

Ьу Barwick et al. 23 and 

was discovered in 232 u ( 31 events) 

in 231 Ра (25 events ) Ьу Sandulescu 

et al. 24 with track-recording films. дn interesting assump-

tion has been made 23 concerning some measurements of the 

spontaneous fission half- lives for 2 3 о' 232Th, 23lp 8 , 

]2 

232_ 234 u, 
237

Np and 14 1 Ам, pe rf o rm e d durinq th e р е 1 iod 19 50 -

1966 . Acc ording l o the Ref . 2 1 it i s po s siЬ! e l hat lhe 'll e a -

s u red quantity, in th e s c e xp e rirп e nt s , wa s lhe s pontan c ous 

e miss i on or somc н [ ' s and no t l l1 at of а l ower asy n1 me l r y 

spo nt aneou s fiss i on. 

Th e exp P. rime nl a ll y nP.le r mincd br a nc h inq r a tios are 

given in l a hle 2 . fJy c omparir1q ll1e se ralio s ~< i tl1 th e 

e sti ma t ed ' onc$, one h as to con s ider wh a l qtJ a nl i ty i s 

measu r ed ar1d wh a t is c alcu l ate d . 

Man y o f t h e a- r adioa c t i ve nllcl i rle s l1 ave a lso other com-

pet i ng dec a y modes ( be t a dec Ry , sp ont a n eotJS fi ss i o п, et c) , 

he n ce t l1 e parti a l a l pha life-li mc , ' а • 1s tJ s u a ll y Lonqer 

t ha n the tot al d i s integ ration r e ri o cl, Tt . !f, Ь у Ci1a n c e , 

one ~ets Т а lt which i s measure n 2 8 , then o n e h a d t o 

take Ta =Tt· llsu a lly th e r e ar e s e v e r a l а tr Rn s i t L'lП '> Ье-

l o n g in g to а pa1·ent nucl e u s bP.c acJs e the pr ocess doc s ~ u t take 

place only be lwe e n g round states ; ~ l s o di ff e re nt e xc i ted 

state s of the d a ughter ar c populat e d. 

ln ou r t аЫе fr om a ! l cx -tr ans it io n s only t he s t ro ng es t 

on es ha v e been se l ect ed 25 : g ro u nd state to g r o u nd state 

transit i ons i n е -е nuclides or so - c alled " fav o ured" tran s i-

tion s in о-о or odd-mas s nuclides, because the partial half-

li fe, Та, calculated with semiempirical formula refers 

also to these single-transitions having intensity an is 

expressed in percent, sometimes different from 100~. Con-

sequently, the total а decay half-life, 

using the relationship: 

Tt L.s 
т 

10( 100 о( 

13 

Tt 
а 

can Ье found Ьу 

( 19) 
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In the experiment, th e branching ratio relative to the total 

number of a-decay lines is determined : 

Tt 
ь 
t 

о( 

т 
(20) 

but in our tаЫе ( and in sim i lar taЫes computed with other 

models) only one of the a-trsnsitions is taken into account: 

ь 
5 

1: 

~ 
( 21) 

Hence i n order to compare the meaaured, bt, with calculat-

ed Ь 9 , on e has to do the correction Ь8 ( 100 / i 9 )bt, 

where i 8 is given in taЫes for а decay 25 - 27 half-liveв . 

In the tаЫе 2 the expeгimentally deteгmined branching 

ratioв аге compaгed with the eвtimations based on дSдrм, 

without (Т, Ь 9 ) ог with (Т•, Ь' 9 ) even-odd effect taken 

into account • 

One can see that fог the 14 с гadioactivity the agree-

ment is impгoved when the even-odd effect is consideгed. Гог 
24

Ne radioactivity оuг estimationэ seem to Ье mоге optimiв-

t i c than the rea l ity and thiэ tгend iэ оЬэегvеd аlэо fог 

heavieг emitted cluэterв. In the futuгe, when an incгeased 

numbeг of ex p.eг i mental data will Ье availaЫe, it will Ье 

poasiЫe t o modify the eqs. ( 11 ) and ( 12) in oгder to obtain 

а bett e г f it lik e fог the 379 a-emitteгs. 

15 



EXPLANATIDN DF TABLE 

Th e tаЫе presents calcu lat ed Q-values, kinetic ener-

gies, half-lives a nd bran ching гat ios rel ativ e to a -decay 

for the most ргоЬаЫе HI 's ( includi ng 4 Не ) spontaneously 

emitted from var iou s isotopes of the elements Z=47-106 with 

known mas ses, having tot al half-l ives, Tt, longer than 11-'s 

a nd partial half-l iv e s , Т, shorter than 10 50 s. 

The first line of each data Ыосk conta i ns informations 

about the parent nucleus, its a-disintegration and the num-

Ьег, nт, of decay modes Ьу spontaneous emission of HI 's , 

for which T<10 5 0 s . In the following lines ( 2nd-9th ) , maximum 

eight of the most ргоЬаЫе emitted HI 's аге given, one aft~r 

the other, in the increasing order of Т. I f nт < В, the 

data Ьlock is correspondingly shorter. The minimum width of 

the data Ыосk is 2 lines; nuclides with nт=D are not 

listed. 

El 

z,ze,zd 

А,Ае 

Nd 

Symbol of the element 

Atomic numbers of the parent, emitted HI and of 

daughter, respect i ve ly 

Mass numbers of the parent and emitted HI, res-

pectively 

Neutron number of the daughter. Zd and Nd illus

trate the importance of shell effects, show-

ing how far they аге from the magic numbers 

28, 50, 82 ог 126. 

log (T t ) Decimal logarithm of the total half-life in 

seconds. Measured values, ог estimated ones for 

16 

Q 

Е к 

UNKN 

UNMA 

nuclei far off the staЬility line f or ~-decay, 

taken mainly from the Karlsruhe Chaгt of the 

Nuclides, 5th e dit i on, 1981 ( Ref . 28 above). 

Fог the so-called "staЬle" nu clide в, following 

conve n tions аге adopted: 

unknown (half-life not availaЬle yet) 

unkn own ; most abu nd ant isotope 

C,Ce , Dd Code numbers indi c ating the source for the masses 

of t he paгent emitted НI and daughter , respec

tively, us e d to find the Q-values: 

Blank , О 

2 

3 

4 

5 

6 

7 

в 

9 

10 

tabulated Ьу Wapstra a nd Audi (Ref . 6 above) 

from measurements and systemat i cs, respec-

tively . The code numb e r 1-9 indicate the 

authors of the various mass formulae from Ref. 

41 above: 

Jiinecke 

Beiner, Lombard and Mas 

Liran and Zel des 

v . Groote, Hilf and Takahashi 

Myers 

Comay and Kelson 

Se e ger and Howard 

Bauer 

Jiin e cke and Ey non 

Cal c u l at e d wi t h а c o mp uter p rogram su pplied 

Ьу Ог . J. Jii ne cke 

Even if they no t ар реаг all explic itly, th e y 

have been used to find the displayed data. 

Released energy, calculated with eq. ( 2 ) above. 

Kinetic energy of the emitted HI:Eк=Q•Ae/A 

17 
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Поэнару 

Периоды 

тяжелых 

д. и др 

no.nypacu•Aa ·• ltВИетические энергии 
кластеiЮ8.С11011ТаИИо испускаемых из 

Е7-85-431 

.trдep 

Оценива»тся nарциапьные периоды полураспада, относитель
ные к альФа-распаду выходы, кинетические энергии и величины Q 
для большинс'I'Ва возможных спонтанно испускаемых т~елых класте 
ров из 766 НУJtЛИдов с Z • 47-106 и общим nериодом nолурасnада 
больше, чем · ) ~с. Исnользуются аналитическая суnерснмметри
ческая модель деления ядра, nолуэмnирическая формула для nе
риодов а-nолурасnада, которые не измеряются, и таблицы новых 

масс Вапстра-Ауди. Даже так назьmаемые "стабильные" нуклиды 
с Z > 40 являются метастабильными по отношению к новьl't спосо
бам распадов. В краткой форме сделан обзор экспериментальнь~ 
данных. 

Работа вьmолнена в Лаборатории ядернь~ реакций О~ЧИ. 

Сообщение Объединенного института ядерных исследований. Дубна 1985 

Poenaru D. et al. Е7-85-431 

Half-Lives and Kinetic Energies for the Spontaneously 
Ernitted Heavy Ions frorn Nuclei 

Тhе partial half-lives, branching ratios relative to the 
alpha decay, kinetic energies and ~-values for the most pro
baЬle spontaneously emitted heayy ions froi!I 766 nuclides with 
z = 47-106 and total half-lives longer than 1 ps are estimated 
Ьу using the analytical superasymmetric fission model, а semi
empirical formula for а -decay life-time, which are not mea
sured and the Wapstra-Audi new mass taЬles. Even the so
called "staЬle" nuclides with Z > 40 are meta-staЬle relative 
to the new decay modes. Тhе experimental evidences are briefly 

reviewed. 

Th investigation has been performed at the Laboratory 

l e Reactions, JINR. of Nuc ear 

. of сье Joiat laatitute for Мuclear Research. DuЬna 1985 Coumunicatlon 
;_,;.:!;>·.· 


