COOBLWEHWNA
OBBEAVWHEHHOTIO
MHCTUTVYTA
AAEPHbIX

MCCAEAOBAHWWN

u334’ E4 - 11475

- | ;'; [
S.Ho’lan. G.Stratan

FAVOURED AND UNFAVOURED
a -TRANSITIONS

OF SUPERHEAVY ELEMENTS
AROUND Z=114

1928




E4 - 11475

* ®
S.Holan, G.Stratan

FAVOURED AND UNFAVOURED
@ -TRANSITIONS

OF SUPERHEAVY ELEMENTS
AROUND Z=114

“Present address: {nstitute for Physics end Nuclear Engineering,
Bucharest.



Xonax C,, Crpavan I, Ed4d - 11475

Ofireruendsie n ueoGRErYeHHAIE @ ~TEPEXOAR B CBEDXTHYENbIX
aneMenrax ¢ g <114

@ ~Nepexoipl B CBepATAXennX 3demenTax ¢ Z=112, 114, 116 pacecmor-
peHb B pamzax cboncyedHOro npubmukenws He R ~Marpuvuodl Teopha g —pac-
nega,

{lnxasano, 49T0 B pside CayHack MOC/IeN0BATE/AbEbE yueT sdbdexros a1ep—
HOR CTPYKTYPbl MOKET IDHBOAUTb K YBEAHIOHHID BPEMEHNH JKH3UH CHEPXT KO
ALIX A0€P MO CRARBHEHMO CO 3HAYEHHAMH, NOMYHOHHLIME HA OCHODE IMIMpHYe-
CERX HHTeDROARUHOHHLIX DopmMyil.

Pa6ora suinonueda B MlaSoparopun TeopeTwueckof puanku CHHH,

Coofimenue O6nequHeHHOry HACTHTYTA SOepEMX HCCISZOBAMAN, OyBua 1978

Holan S., Stratan =, E4 - 11475

Favoured and Unfavoured a-Transitions of Superheavy
Elements around 2= 114

The g-transilions of superheavy elements with 7=112, 114,
116 are studied in the framework of shell model approach to none
R —matrix theory of a-=decay,

Some cases are put on evidence for which the account for
nuclear structure leads to greater life times than the empirical
ones,

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR,
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1. Theorctical studies/1-3/ Jead to the conclusion
that superheavy nuclei with 2 around 114 must be
relatively stable against beta-cdecay. and that their
fission life times must be by some orders of magni-
tude greater than alpha life limes, Thus, predictions
concerning alpha decay are of first importance in
undersianding the siability of nuclel in this region,

Calculations of alpha decay energies were made
on the basis of mass formulae laking into account
s hell corrections also/3/, But alpha life times were
estimated mainly on the basis of empirical formulae
of the Geiger-Nuttal type /8.9 | that is accounting
for their string energy depondence, but without an
effoctive account of the influence of nuclear structure,

Some attempts to predict alpha life times of
superheavy nuclei by shell imodel calculations were
performed also 4,5/, Those calculations are based on
the R-malirix thcory of alpha decay., But it is knowr' 6/
that R -mafrix thecory does not yield correct ahsolute
values for the alpha widths., Furthermore, alpha
widths calculated in this way depend either on
the channel radius parameter 74/ | or on the optical
maodel parameters /5. Therclore these results can-
not be very concludent,

Recenlly, a consistent analysi=s of the influence
of nuclear struclure on the alpha decay of spherical
nuclei was performed/7.8/ on the basis of an inte-
gral formula for alpha '\-‘JiCiﬂ']S»’jlo/, which does not
contain any frec paramcters, In the present paper,
the results of this analysis are extrapolated to the



region of superheavy nuclei, After a short review
of the results obtained by the integral formula, the
favoured and unfavoured alpha transitions of super-
heavy nuclei are considered,

2. The integral formula for alpha decay widths
has the form /10/
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where the function Fi is a regular Coulomb function
normalized to a §-function in enersgy,
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is the channel wave function, and
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is the nuclear part of the alpha particle - final
nucleus interaction,

Calculations were performed with this formula
using shell model wave functions for the initial and
final nuclei and approximating the interaction {(3)
according to the basic assumptions of the same
model /7»3/,

The selfconsistent field was taken of Woods—-Saxon
type and the corresponding one-nucleon functions
were used, This is an important point since the
earlier used/t 5 harmonical oscillator potential with
infinite depth cannot vield the correct description
of the behaviour of wave functions al the nuclear
surface, especially for superheavy nuclei, The com-
putational problems which appeared in this connecti-
on were solved/11/ due to a method of separating
the centre-of-mass motion of clusters in nuclei/12/,

The results of the calculations performed for a
large numher of spherical alpha emitters/ 7.8/ demor~
strated that a theoretical analysis of the alpha decay
can be done even on the basis of the most simple

4

independent particle shell model, This analysis was
performed/W in terms of the ratio

- exp mi.p.
K = ! = = [1/) H (4)
exp [.‘t-lz‘p_ T;/SXP'

where the inde x "exp'". indicates the experimental
values, while "i,p.,", the values calculated with in-
deperdent particle shell model,

The theoretical width T 1&1). includes the enercy
dependence of alpha widths through the Coulomb
function Fy (see formua (1)) and thus the ratio Koxp ‘
is energy-indepercenl, So, these ratios can be consi-
dered as a sort of spectroscopical factors measuring
the influence of nucleon-nucleon correlations on alpha
clecay probabilities,

The resulls of the independent particle shell mo-
del calculations (see fig, 5 from rof, /) put in evi-
dence that a clazsification of alpha transitions can

be done in torms of the ratios Kexp. The valuos

K exp for favoured transitions are ihre greatest ones
and are sittated in o narcow band, Bor unfavoueod
transitions, the ratios Ke&p take on the smallest
values, One can distinguash a third class of tran-
sitions also, withy values Kexp of aboul 10 times
smaller than for neighbouring favolwrod transitions,
This is the case of the odd Bi isotopes (2 = 83,

cven N) and of the nuclei with even Z and N =
= 125, 127, Theso transitions are named "semi-
faavoured",

The assumption that this classificalion is due to
the differences in the influence of nucleon-niucleon
correlations on differcnt types of transitions /7 was
confirmed by the alpha width calculations which toolk
into account residual inleractions 78/,

3. In order to use the above described formalism
to the study of superheavy nuclei, let us define, in
analogy with the ratios Kexp, the ratios
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where [161PINC are the alpha widths obtained in

ref,/3/ ba the empirical formulas of Viola and Sea-
borg /13/3,

IPor the calculation of the theoretical alpha
widths l‘é‘p' y the parameters of the Woods-Saxon
shell model selfconsistent potential are obtained as
a spherical limit of the folded Yukawa potential/ %/
They have the following values for the nucleus
with 2 = 114 and A =298:

/a = 1,517 fm~1 Vp

r, = L262 fm Vy = -24,36 MeV

4, Calculations of ratios K, where performed
firstly for favoured alpha transitions in the super—
heavy region/!% and namely for the 07 . 0  iransi-
tions of even isotopes with Z = 112, 114 and 116,
In the figure the values logK flor thesc nuclei are
compared with the values logK,, ., for favoured tran-
sitions of even Po isotopes, using lwo scales for
the neutron number N,

Eirstly, it can be observed that the behaviour
of the ratios K and Kexp is very similar, For in-
stance,the same jump s appearing in the values
logK arwl log,Km(p at the magic neutron numbers,
This hints to a similarity in structure for these
chains of isolopes.

Secondly, let us compare the values logKexp
(See fig, 5 from ref./'7/) for the rare-~earth region
(of about 3,5), the values logK oy for the lead re-
gion (of about 4,5) and the values logk for the
present superheavy nuclei {(of about 5.5). An increase
of the ratios K with increasing A can be observed.
This situation suggests that the importance of the
influence of nucleorn-nucleon correlations on alpha
decay widths is increased for nuclei with large
mass—-numbers A,
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The comparison between the values of ratios
Kexp tor the chain of Po isotopes and the values of
ratios K for superheavy elements with zZ = 112, 114
and 116, The values of logk and logKexp are
plotted against the number of neutrons, using two
scales.,

5. Let us consider now the alpha decay of
superheavy nuclei with N = 185 and even 2. Since
the initial and final nuclei have in this case res-
pectively one particle over and one hole urnder
the closed shell it can be assumed that their spins
are correctly predicted by the independent particle
shell model. Furthermore, the transitions are of the
ground state to ground state type and the alpha
decay energies are evaluated for them in ref, 3/,
Thus, having all the necessary data, calculations
were performed for the widths f‘ic-!p' and the ra-
tios K. The results are given in the table,




Table

The wvalue K for superheavy nuclei with N = 185
Nucleus Z 112 114 116

A 297 299 301
logK 5.52 5,50 5,371

It can be seen that the ratios ¥ are of the same
magnitude as for the neighbouring f(avoured transi-
tions {see also the fioure),

But, the analogy in structure of the prosent
(N = 185) nuclei with nuclei of N = 125, 127 and
with even Po isotopes suggests that these transt-
tions are semifavoured, From the above presented
classification/ ¥ of alpha transitions it resulls that
for semifavoured transitions the ratios K must be
asmaller than for the favoured ones,

Thus, as it can be seen from the table, tho
values of ralios K are greater than expecled, This
means that the empirical half-lives TS for semi-
favoured lransitions are under-estimatoed, as o corn-
sequence of neglecling the slructyre cffects in
cdletermining the hindrance factors ! 13/.

The amount of lhis uncderestimation must he at
least a factor of 10, as it vas the casc for lead
region (see fig., 5 from r‘ef./T'/). it was demonstratoed’?
that the spliting between the values of ratios K
for favoured and for unfavoured transitions is due to
the influence of nucleor-nucleon correlations on
a ~cdecay widths, For the superheavy nuclei this
influence was shown above to be increased, Con-
sequently, the empirical nalf lives TE'"™'"C  for the
transitions are underestimated by a factor which
can vary from 10 up to 100,

7. For the case of unfavoured transitions in the
superheavy region, the calculations of ratios K are
difficutt, because of lack of information both about
spins of initial and final nuclei and about the alpha-

decay energies, Bul the average hindrance factors
given by Viola and Seabors/!% for unfavoured a-
transitions are of the same magnitude as for semi-
favoured ones. In fig. 5 from ref./7/ it can he seen
that the ratios Kexp are of about two orders of
magnitude smaller for unfavoured transitions than
for semifavoured ones, Thus, it can be expected
that in this case the empirical half-lives will be
underestimated by at least three orders of magnitude,

Consequently, it can be supposed that the most
drastically hindered alpha decays because of the
structure effects can be those of superheavy nuclei
analogous to 210pj  R210mpj — 2llmpg gpg 218MPg nuc—
lei (see refs./7'8’/). In the last three cases we have
to do with high spin isomeric slates which have
much greater life times than the corresponding
ground staies, This is due to the fact that the
forbiddenness of alpha decay with large angular
momenta partially compensates the effect of increas-
ed alpha decay enorgy, In the suporheavy region,
at the passing from the closed shells 45, /5 and 3d3/2
to liyg/e or lk;/, levels, the appearance of high
spin superheavy isomers with increased alpha sta-
bility is possible. The population of such states
can act as an "isometric trap” in which the supor-
neavy nucleus may remain sufficiently long time to
be identified,
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