
Rur. Phys. ,1. A (2014) 50: 105 
DOI 10.1140/epja/i2014-l4105-y

T he  Eu r o p e a n  
Ph y s ic a l  Jo u r n a l  a

Regular Article -  Theoretical Physics

Exotic decay modes of odd-Z (105-119) superheavy nuclei

N.S. Rajeswari'"^ and M, Balasubramaniam 1 .a

' Department of Physics, Bharathiar University, Coimbatore - 641 046, India
 ̂ Department of Physics, Avinashilingam Institute for Home Science and Higher Education for Women 

Coimbatore - 641 04,3, India

Received: 28 April 2014
Published online: 26 ,lune 2014 -  @  Societa Italiana di Fisica / Springei-Verlag 2011 
Communicated by M. Anselmino

Uuivei'sil \.

Abstract. Half-lives of proton emission for proton emitters with Z — 51 to 83 are calculated, in the frame­
work of unified fission model with the penetrability calculated using the WKB appro.ximation. For all 
the ground and isomeric state of the proton, the deformation degree of freedom is included. Calculated 
half-lives are in good agreement with the experimental ones. Experimentally for a few isotopes, proton and 
alpha branches are reported. Hence we have calculated the half-lives of al]jiia deca> for these eleincnis.
For parent nuclei ‘ '^'Ta, “T1 and * ^Tl. the alpha decay mode is preferred ovei the inoio
emission. Further, the calculations are extended to find half-lives of suijerlieavy element with odd juotoii 
number in the range Z  =  105 to 119, for both proton, alpha and for a few cluster decays. ( 'alciilal ions 
on superheavy elements reveal that cluster radioactivity has half-lives comparable with proton emissions. 
It is found that proton emission is the prirnai’y competing decay mode with respect to alpha decay foi' 
superheavy elements. Among considered clusters, ^^C, and “̂'M g are found to have lowest half-liv(;s 
among other N = Z  clusters and for a. few clusters the half-lives are found to be coni]3fUfible with that of 
proton emission.

1 Introduction

Proton radioactivity is a process in which a nucleus disin­
tegrates spontaneously by the emission of a proton. Pro­
ton drip line represents one o f the fundamenttil limits of 
nuclear existence and nuclei in this region have excess 
of protons and undergo spontaneous proton emission to­
wards stability. The inverse process o f prttton radioactiv­
ity, called rapid proton capture, plays an inevitable role 
in nuclear astrophysics. Structural information about the 
parent and the daughter of the drip line nuclei are pro­
vided by proton decay studies. One o f the highlighting 
features about proton emitters is the possibility' to extract 
the parent angular momentum by analysing the experi­
mental proton Q-values and their partial half-lives. This 
is based on the strong dependence o f proton half-lives on 
angular momentum and energy. For the proton emission 
to occur, the Q-value must be positive and the proton 
must tunnel the potential energy barrier provided by the 
daughter nucleus.

Experimentally proton emission was first observed 
from proton unstable isomer ^̂ ” ’ Co by Jackson e.t al. [1] in 
1970 and this was confirmed by Cerny et al. [2] in the same 
3'ear. W ith  the advent o f improved experimental facilities
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and radioactive beams, proton emission from gromu! aiu: 
isomeric states has been identified Iretween Z ■ .'>1 ; ':4
83 [3-10], Extensive theoretical attempts wei'c huhI',' Ii 
study this exotic process [H-21|. By extending (lie model 
of alpha and exotic decay, using (he Woods .Saxon I;. |ie 
potential, lor proton emission, seven ;p'oimiJ stale |>i-..ioi; 
emitters were studied by Buck at al. [11]. ,\ ch'tailed com 
[mrisou between dilferent luethods such a.v f i ixio i : A
Born Approximation (DW B.A). two potential approael: 
and sim])le description o f irarrier penetration wen* a.ial 
ysed by Aberg et al. [12]. \\hthin the liciuid-drop model 
using the W K B  apiii'oximation. proton lialf live'' are cal 
ciliated in refs. [13-1.5].

Using, the unified fission model (U lW l). modiiied n no 
the preformed cluster model (P C M ) of C iipla and eoliab 
orators [16]. one of us has reporterl half lives of >|)hei i( ,d 
proton emitters and alpha decay as a competing mode 
for proton emission [17]. For the same data from ,I7|. 
Basil et a.l. [18] have calculated half-li\'es using a dnisiiy 
deirendent M 3Y effective interaction irotential Ive.id i)n 
nuclear matter calculations. simple formula for i In h:ill 
life WHS given in [19], similar to the Ceiger-N'litlal rule for 
Igroton emission. The semi empirical one iiaraiiieler ;;io.le; 
was employed to calculate tlie half lives of proion omii 
ters [20]. Recently, proton formation iirolialiility. exiracin l 
from the expeidmental data, is used to explain iiioion



radioactivity [21], Half-lives o f proton radioactivity were 
calculated by Rontray et al. [22] within the W K B  pen­
etrability using the proton-nucleus interaction potential 
obtained from folding the density o f the residual daughter 
nucleus with a finite-rauge effective uucleou-iiucleou in­
teraction having a single Yukawa term in the finite range 
part. Later Ror.itray e.t al. [23] us('d dilTcrcmt Skymic ,scis 
in the framework of the semiclassical 'W’KB  method to 
calculate proton half-lives.

Sahu et al. [24] have used the microscopic Michigan- 
3-Yukawa (M 3Y ) and relativistic mean field-3-Yukawa 
(R 3 Y ) nucleon-nucleus interaction potential by including 
the angular momentum potential for the hall-lives o f pro­
ton emitters. Alpha decay is the primary decay mode for 
heavy and superheavy nuclei. There are numerous studies 
o i l  the alpha decay c.)f superhea.vy eleuients using different 
formalisms [25-36]. Poenaru et al. [37,38] irredicted clus­
ter radioactivity o f superheavy elements for heavy clusters 
with Z  > 28. Poenaru et al. [39] calculated half-lives of 
even-even isotopes o f proton-rich cluster emitters such as 
Ba, Ce, Nd, Sm, Gd and Dy for clusters '̂^C, '̂^Ne,
‘̂‘ Mg and ^®Si, within analytical super-asymmetric fission 

model (AS.4F) and discussed the branching ratio o f these 
cluster emissions relative to n -decay.

In the present work, we have calculated the half-lives of 
proton and alpha emission for known proton emitters fi'om 
ground and isomeric state and proton, alpha and cluster 
emissions of odd-Z superheavy nuclei with Z  =  105 to 119. 
The calculations are done in the framework o f the unilied 
fission model, modified from PCM , which accounts for the 
preformation probability as the penetrability of overlap­
ping potential, as interpreted by Poenaru and Greiner [40]. 
The methodology is Ijriefly described in the following sec­
tion and the results and discussion are presented in sect. 3.

2 The methodology

The potential for the overlapping region is considered as 
a second-order polynomial in terms o f the relative sep­
aration distance R and, for the post-touching region, it 
is the sum of Coulomb, proximity and angular momen­
tum potentials. Also, the potentials are considered to be 
dependent on the deformations fjx, (A =2  quadrupole de­
formations only taken into account and i =  1, 2) of the 
fragments and the orientation of the nucleus is considered 
to be 0{6 =  0). The potential for the overlapping region is 
given as

Vov[R) =  o.\R + n.-zR̂  for Ry < R < Rt. (1)

where the constants a,i and 0,2 are calculated using the 
boundary conditions, Vov(R) =  Q at R. =  Rij and, at 
R =  Rt, the potential o f overlapping is equal to 
Vnov is the potential for the post-scission region, which is 
defined as

VnoviR) =  Vc +  Vp +  Vt,

as Rt =  Coi -k Co2- Calculations are canied our w iili

lor (he ^ilecli^'c sharp iiuliii.s given b\'

Ro, =  1.28,4,  ̂ -  0.7(i +  ().8/,-l J  Cm

and the corresironding central radiu.s as

('1)7 — Rui  ̂1 “  I I'"-

C uj(* =  0, L 2 )  ''-'I'c the Siissmaifs ceuti-al radii, i'-|)e( 
tively, for the parent, daughter iinriei and pai'licie "11111 
ted. Here this formalism is ai>plied for pi'otim. afiilia am.l 
a few cluster emissions. Vc. Vp and Vi are. |■espe(■t iw iy 
the Coulomb, proximity and centrifugal potentials di'lineil 
below.

The deformation-dependent Couloml) potential 11] ii. 
given as

V’r. =  ^4^ +  3Z i Z2c  ̂ y
R)

R A.1 = 1 .2
2A-I-1 R.' '

S2 vRU)■hi +

where Z j and Z2 are the charge nuniliers of I he Irayiiii'nl 
(datighter and emitted |)article as the case may hr pna." 
or alpha or cluster) and ( — l.T lM e V fm . ()uadrn|sif 
deformation {ihi- i=0. 1, 2) valties are taken from rel. , 12] 
The centrilugal potential is given as

rih:{(:+\)
V 2f

with the moment of inertia taken in (he coinplcic iimi 
sticking limit as

I  =  I ns =  i,r V

Here p, =  ]/li/l2/(2li +  chi)]!!' =  //■) as ilm
reduced mass with m as the nucleon mass. 1 he unclear 
part of the interaction potential. pro.\inut> poieiiii.d el 
Block! et al. [43] is given by

Vp =  .l7iR-hP{t). di

R is the mean curvature radius of the reaction paitiu i- 
characterising the gai), which, for deformed nuclei, is iqM'n
by

Guid-'ui
R =  cr:-------r r -  Im . ! Ml

C'oi -t- C'()2

where A ((f) is the universal function of pro.\imii,\' poO r, 
tial, which depends only on the distance between iwo nu­
clei and is independent of the charge numbeis of I he 1 .-.e 
nuclei, given as

(2)

at R =  Rt, with Rq as the parent nucleus radius and R( is 
the relative separation at the touching configuration, given

<A (0 =
-  2..54)''̂  -  0.0852(i ~  2..54)'’ . f  ■ I 2., I

-3.437 e x p ( - ^ ) . 1.251.

( n )



Here,  ̂ =  ,s/6, s =  R — Ci, R being the separation dis­
tance between the fragments and Ct =  Coi -I- Co2- This 
function is defined for negative (the overlapping region), 
zero (touching configuration) and positive values of .s. 
b =  0.90 fni is the diffuseness of the nuclear suitace. 7 
is the specific nuclear surface energy co-ellicient, given Ij>'

1-ks N  - Z  
A

M eV I'm ( 12)

In the above formula, 70 is the surface energy constant and 
ks is the surface-asymmetry constant. Both these quan­
tities were parametrised by Myers and Swiatecki [44] as, 
70 =  0.9517 MeV/fm^ and Ay, =  1.7826. The decay half-life 
T j/2 of the parent nucleus {A, Z )  into a daughter {Ad, Zd) 
and a particle (proton/alpha/cluster emissions) is given
by

^ . (13)ad'k\/2 —

The decay constant in unified fission model is defined as,

Ad =  uoP (14)

Here the total penetration pi'obability is written as the 
product o f penetrability of the overlapping region and the 
post-touching region, given by

R — RovRnov — OXp( {f^ov ”h R-nov)), (15)

where and Knov are the action integrals along the fis­
sion path in the overlapping and non-overlapping regions, 
given by

Pov d" Rnov — a-
rR,

{2fj.[V„y{R) -

+
n

'■R,,

R,
{2,4Vr.yy{R) -  Qiyk^dR .(16)

'-'u
]

2,Roi4 î4
!2E2

R fm

Fig. 1. Potential barrier for the proloii eiiiis.sioii liom if. par 
eiit nucleus ' ■’'^Ta. The solid line coi lesponds lu ilic aa.'ulai 
inonientuni f =  2h and the dotted line cones|)onils tn ilia .111 
gular nioinentuin I =  OA. Qp-calue is labelled.

Similarly, tlie Itranching I'itlio of rlustei; emissioii ivlaiix'i 
to ali>ha or proton decay is given by

BR = Aciu.sl
A„

BH -= ACIlISl.
A„ _'i I

Here R̂y and Rh are the first and second turning points, re­
spectively. The second turning point is calculated from the 
condition V{Ri,) =  Q. The assault frequency in eq. (14) is 
given by

(17)

which is the frequency with which the iiarticle hits the 
barrier and Roi{ai) is the radius o f the deformed parent 
mrcleus and

(18)

is the kinetic energy o f the particle (protou/tn/cluster) in­
side the nucleus.

The branching ratio o f proton with respect to a emis­
sion is defined as

B R = ^ .  (19)
A,..

where A,, is the calculated decay coiistant I’oi' pi'oliui emis 
sion, At, is the calculated decay constant for afiiha einissii m 
and Aciusicr is the calculated decay constant fur ( luster 
emission.

3 Results and discussion

For the proton emission, the valence proton iniisi imuiel 
through the potential barrier consisting o f the Coiilonib. 
centrifugal and pi'oximity potentials. The coniribnl ion 
from the centrifugal barrier is high, hence the proton lialf 
life depends on the angular momentum. Fiipire I shows 
the potential Irarrier for the |)roton emission of 1 he pneni 
nucleus ’̂̂ ^Ta. for the angulai' moment inn ! '2h aici n//.
indicating tlie increase in the barrier as / increases I hill 
lives of 43 proton emitters, in their ground and isomerii 
states, are calculated for the data taken froni ref', ,1b. 
20]. with the experimental values of angular moiiieni mii 
I and Qp from tin' same. ( )l the different ))roloii , n n ;.. !-  
as well as all the superheavy nuclei considered. som(‘ of 
the parent nuclei are deformed. However in the preseni 
calculations the deformation degree o f freedom is cmisid 
ered for all the known proton emitters as well as l̂ .r -n 
perheavy nuclei. Calculated lialf li\-es are listed in ta b le  1



Table 1. Decimal logarithmic half-lives of proton emitters with 7. =  •ll to 83. The first cohiiuii iudicate.s the pMn ni ihk Icii.-, 
The second column gives angular momentum values for proton emission and the third.column gives the experimental alm a 
Rxp.(p) and Cal.(p) indicates the experimental [19,20] and calculated logarithmic half-lives for proton erni.ssion. ( 'al.(n) iiidu ai r.- 
the calculated logarithmic half-lives for alpha emission. Exp.(cv) gives experimental half-lives for a few ca.ses. taken IVom id- I 1(1 
7,8). The last column lists the branching ratio for proton emission relative to alpha calculated using decay constant.- ( \ !

Parent
nucleus

1
{h]

Qp logio'^i/2 (T’i/2 ill s) Cal.BR(.\„
(MeV) Exp.(p) Cal.(p) Cal.(«) Exp,(a )

’ “ Sb 2 0.491 2.049 2.554 2.688<'''> I.:i(
109| 2 0.829 -3.987 -4.105 -2.14 l'-'" - 91 .'17
“ =Cs 2 0.824 -3.301 -3.397 -1.595<''> _ (i:i.29
“ ^Cs 2 0.978 -4.777 -5.539 -0.260'"> -- 1 .S 9  K m

*‘ ^La 2 0.823 -1.602 -2.822 2.271<"-> - 1.2 1 X  10
121p̂ , 2 0.900 -2.000 -3.355 3.078''') - 2.71 xIO'
“̂ Eu 2 1.028 -3.046 -3.849 3.in '" ) _ 9.25 X  Ilf'
®̂̂ Eu 2 0.9.51 -1.575 -2.808 2.683'") - 3,09 X  I l f

136Tb 3 1.188 -3,027 -4.2.56 0.904'■■’ ) - 1. 15 X  in '
'«H o 3 1.106 -2.222 -2.654 0.679<'‘ ) 2.1 0  X  11)''

' “ 'Ho 3 1.190 -2.387 -3.630 1.177''') - 6. 11 X  in'
141ho* 0 1.256 -5.180 -6.094 -

5 1.753 -5.409 -4.817 1,452''') - 1.86 x l(f '
■̂*®Tm 5 1.210 -1.276 0.618 3.356''') - 5.4 7 X  lo ’

i 4 6 T m * 5 1.148 -0.4.56 1.346 -

^“ " T m 5 1.071 0.591 2.346 4.088''') - 55.18
' - ‘ " T m * 2 1.139 -3.444 -2,204 -

1 5 ° L u 5 1.283 -1.180 0.254 11.643 ' - 2.15 X  i n ' '

15 0  m * 2 1.317 -4.523 -3.645 -

' " ' L u 5 1.255 -0.896 0.510 14,791 - 1.91 X  Id "
2 1.332 -4.796 -3.828

^ ^ ® T a 5 1.791 -4.921 -4.215 13.417 1.29 10’
* “ T a 2 1.028 -0.620 0.191 4.500 2.03 d o ’
i 5 6 T a * 5 1.130 0.949 2.155
^ = ^ T a 0 0.947 -0.523 0.321 -2,311'"’ <  -2.28 2.33.-,IO
' “ R , e 5 1.836 -4.678 -4,148 -3.104*'') - 1 1.06
i e ° R e 2 1.284 -3.046 -2.826 -2..568 -2.060 1.81
' « ^ R e 0 1.214 -3.432 -2.943 -1.515''') -1.8'20 26.80
^ ® ‘ R e * 5 1.338 -0.488 -0.284 -

i 6 4 i r 5 1.844 -3.959 -4.045 -3.1.50''') - 7.8 1
i 6 5 ^ r 5 1.733 -3.469 -3.346 -2.735'''') _ 1.09
1 6 6  ij. 2 1.168 -0.824 -0.932 -2.503''') >  -2.30 2.68 Ill
166 5 1,340 -0.076 0.149 -

i 6 7 f r 0 1.086 -0.959 -0.700 -1.768''') > =  -1 . ‘29 8.5 1 ell) ■

1 6 7 | j . * 5 1.261 0.875 0.996 -

i ™ A u 2 1.497 -3.444 -4.014 -2.891''') - 13.30
1 70  A u * 5 1,767 -3.076 -3.257 -

' ^ ^ A u 0 1.469 -4.770 -4.423 -2.675''') - 56.08
•5 1.718 -2.654 -2.453 __

1 7 6 rp | 0 1.268 -2.284 -1.372 -2.524 - 0.07
1 7 7 T 1 0 1.180 -1.174 -0.252 -0.990 ■ 1.745 0.18
1 77  'Y 'J * 5 1.986 -3.347 -3.612 -

I S S R i 0 1.624 -4.229 -4.671 -4.142 -4.:i0l 3.37
(a) Calculations for these cases are done using shifted touching point, explained in the text.



and the values are in good agreement with the experimen­
tal values. The isomeric state o f the nuclei is indicated 
by the asterisk symbol (* )  in the parent nuclei. Standard 
deviation of the calculated half-lives for proton emission, 
from the experimental values for these 43 cases is found 
to be 0.896. A  better matching between calculated and 
experimental half-lives is found for a few systems, such as 
1091̂  ii2cs, i59Re, i64j,^ i66j,_

^™Au, '^°Au*, ^^^Au, ’̂̂ 'Au*, i^'^Tl* and ^^®Bi. Loga­
rithmic half-life values of proton emission varies between 
—6.094 to 2..554. The preformation factor of the ]>ro 
ton emission calculated using eq. (15), which is the pene­
trability of the overlapi>ing potential, for these 43 pi'oton 
emitters varies from 0.119 to 0.895.

Proton and alpha branches were well established for a 
few ground and isomeric states of proton drip line nuclei. 
Hence we have calculated half-lives for alpha emission for 
the same elements listed in table 1, in their ground state. 
Q-values for alpha decay are found using the recently up­
dated table of masses of Wang et al. [45]. Calculated half- 
lives are listed in table 1. Out of 43 cases, only 31 cases 
are considered for the alpha decay, since the ground-state 
decay alone is taken into consideration. Half-lives for the 
alpha decay of the proton emitters resulted only for 8 
cases out of 31 cases, because the potential is less than 
the Q-vahie for other 23 cases. For these 23 cases which 
are superscripted with an in table 1, we have ex­
tended the touching point by 0.5 fm uniformly in order to 
make the potential greater than the Q-value and also it is 
continuous with the potential o f the post-touching region. 
Experimental decimal logarithmic half-lives are listed for 
a few systems for the alpha decay taken from a compi­
lation of Duarte et al. [46] and the exirerimental work of 
Poli et al. [7,8|. For nuclei ^^^Ta, i®“ Re. “̂ ‘ Re. ‘ ««Tr. “̂Dr 
and half-lives match with the experimental values.
The preformation probability (Pov) o f the jrroton is found 
to be larger than the alpha emission except for *̂’ “ Re. It is 
understood, from the results of half-lives and the branch­
ing ratio (B R ) calculated using eq. (19) of proton emission 
relative to alpha, proton emission is preferred by the pro­
ton emitters in the range Z =  51 to 73. For the parent 
nucleus '^®®Ta. BR is found to be very high of the order of 
10^ ,̂ implies that one alpha particle will be observed in 
the background of 1(R^ events of proton. For the parent 
nuclei ^®®Ir, ^® l̂r, I'^ '̂Tl and ^^®T1, the branching ratio are 
found to be 0.0268, 0.0854, 0.0704 and 0.183, respectively, 
indicates the preference for alpha decay over proton emis­
sion. Minimum value o f BR is found to be 2.335 x 10^^ 
for '^^^Ta indicates the preference o f alpha decay over pro­
ton emission. For the known proton emitters, the Q-value 
for cluster emission is found to be negative. Hence cluster 
emission in the range Z =  51 to 83. may not be a com­
peting decay mode with proton emission. However cluster 
emission is considered for the superheavy nuclei, for which 
the Q-value is positive.

Extensive studies were made on the alpha decay o f ex­
perimentally synthesised superheavy elements and there 
were some attempts [37,38] to predict the cluster decay 
of the SHEs. Hence we have extended our study to find 
the alpha and proton decay half-lives of odd-Z si.iperlieavy
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Fig. 2. Decimal logarithmic lialf-lives of tlie siiperln';o 
ment.s for proton emission (solid circle with <la.sheil liti' 
alpha emission (open circle with dotted line), for inu Ir 
odd proton number witli Z =  10-5 to It!).

. itli

nuclei in the mass region .4 =  211 to 2S7. Kigiuv 2 icpro 
seats the decimal logarithmic Imlf-lives of 3!) .^iipcrlu'c', \ 
elements with Z  =  105 to 119 for proton eniissiou and al 
pha decay, for ground state. Half-lives for ;il|)lni eim.^sion 
resulted only for 9 cases, since the tot;il potential i ' lo>- 
thaii the Q-value. Hence we liave extenihal the lo i i .  hiiiM 
point by 0.2 ftn. uniformly for other 30 ctises and I he lov, 
arithmic half-lives ;\re presenteil in (ig. 2. For alpha |o! ,i 
the half lives are found lo Ite in the rjing'e of nau.. i 
onds to 10“ '^ s, wliereas for ])roton einission l he.calei da! i -i, 
half-lives are higher than alplui emission and x'ariev irmi: 
2.65 X 10“ '*’ s to 1.017 X 10'* s. Low values of litilf lives meaii 
the higher branching ratio for al|)h;i emission, wliicli con 
firms the preference for alpha decay over proldii enu.'-sion. 
Branching ratio calculated for ])roton emission relatiw  le 
alpha decay has a minimum vtdiie of 2.713 x 10 aial 
maximum value o f 5.6 x 10 which itnplies neail i in 
proton event will be observed among lO* ' ;uic| 10'' e\i ;ii - 
of alpha decay, respectively.

The cluster decay in the heavymass region ia well ca 
tablished for the clusters such as “-""''.\c. *"Mg,.
■*'̂ "*''*Si. Our model is extcmded to the' superlieav'.' re 
gioii to study tlie cluster decay tilso. Fur the cluster 
emission o f sii|)ei'heavy nuclei. onl>' e\-en cweii c ha-ier- 
such as Ne. Mg. ,Si. Ar and ('a  are coiisidei' d ll.d! 
life values greater than 111'*" are not Itikeu inia .n
count. Hence the calculation results in clusters 
20,'2'2.24j^Tg 24.2e .2S y |„ .  28,aUcaj :tl.i.:jS.-lll..|2.4 1

40.42.44.46.4S(̂ ĵ Q-values I'or the cluster decay> are .-alni 
latc'd using the updated mass table of Wang, rl al. F)| and 
we have used the theoretical luasses of .Mollcr cl a/' I2|,
wherever rmisses are not availtilile in Wang d iil.



M a s s  n u m b e r o f th e  p a re n t n u c le u s , A
Fig. 3. Decimal logarithmic half-lives of the superheavy elements for isotopes of carbon, neon, magiifsiuin. silicon, mcoii :csl 
calcium with the ma,ss number of the parent nucleus.

Figure 3 shows the decimal logarithmic half-lives for 
the decay o f clusters o f C, Ne, Mg, Si, Ar and Ca for 
the parent nuclei with Z  =  105 to 119. in separate pan­
els, Firstly we have started with the clusters Z  =  N , in 
each of the clusters considered. Then we moved towards 
Z  /  Af. In fig. 3(a), half-lives for two isotopes of carbon 
are presented. Among the two isotopes, for the emission 
of the half-lives are found to be less than half-lives
o f for all the parent nuclei. For each isotopic chain
of Z  =  105 to 119, in the cfuse of as mass number 
A increases, half-life value increases, indicating the pref­
erence for cluster by the low-Z parent isotope. This trend 
is not followed in the case o f '̂^C. Amongst the considered 
clusters of neon, ^°Ne competes with ^^Ne as shown in 
fig. 3 (b), whereas ^^Ne is less preferred, when compared 
with the other two clusters o f neon. Among magnesium 
clusters, '"'‘̂ Mg has got the lowest half-life value and it is 
the most preferred cluster, especially in heavy mass region 
o f A >  250, as shown in fig. 3(c). Even though '^®Mg has 
the highest half-lives and for a few parents A =  260 to 
271, ^®Mg competes with the cluster ^'*Mg,

In fig. 3 (d), logarithmic half-lives o f 4 isotopes o f silicon 
are drawn. ^°Si has got the lowest half-life values and has 
the highest preference. In the mass region A > 250 ’̂̂ Si 
competes with ^°Si. Highest half-life values are found for

“̂*81. Five argon clusters liave logarilhmic ha lf  
than 1(H' .̂ as dis|)layed in lig. 3(e). fill .4 -- 2.5.1. i Im -
th(' lowest half-life. Beyond tlial, ,1 —- 255 to 287. \i a-
well as ‘'■^Ar cornirete with '̂ *’ Ar. * ‘ Ai- has got i l ie  lii",lie,si 
half life for the range A =  2-11 to 2(i2 and. loi- .1 252.
*̂̂ y\r has high half-life values. Hall-life values ol \r hr 

between ^^Ar and '*‘*Ar. Among the argon elusieis. Al­
ls [rreferred.

Figtire 3 (f) represents the hall lives of calcium clu.-̂  
ters with =  40. 42. 44, -l(i. -18. ‘*’T 'a  has the hi:',he-.l 
half life with Z =  N. whereas is har ing the fiwe>i 
half life with Z  =  N. This ini|)lies that at low uia.-s muii 
bers, chisters with Z =  N  are irreferred. wlu'i-ea.-- t he mas- 
number of the cluster is increased, the |)refereuce is shifted 
towards, Z N  chisters. .Among the calcium isotopes, 
for Z  105 and 107. "‘ "'̂ Ca and '‘' ( 'a  ai'e compel itic, l-in 
A>264, ‘**^Ca has the lowest logai'itlimie haU'life of the. a 
der of 10'"̂ . .Among all the chisters coiisideied logai it hum 
half-lives of ranges from 2.18 to 8.5135: for -̂ ".Xe. it 
ranges between 1,97 to 11.223 and for the chistei ‘ \1;' it 
lies between 0.45 to 9.698. “̂ AAIg, has the lowest |o;ririili- 
mic half-life of 0.45 for the parent nucleus ""''117. It i- i'- 
be mentioned here that the irrelerence for ;\' ■ 7 i hisii'i 
is rioted for those clusters which has a low Z \'ahir \- 
we move towards heavier chisters. prolmbilitr- for \ 7



Mass number of the parent nucleus A

Fig. 4. Branching ratio of the superheavy elements with odd 
proton number Z — 105 to 119, for and '̂^Mg emis­
sion with respect to alpha emission panels (a), (b) and (c), 
respectively, and ^°Ne and emission with respect to
proton emission panels (d), (e) and (f), respectively.

clusters is found to be more when compared to N  — Z  
clusters, '■'̂ C among carbon isotopes, in neon and

in magnesium are the preferred clusters with N  =  Z  
case; whereas in magnesium, ‘̂^Si in silicon, Al­
and '*“ Ar among argon, and and ‘*^Ca among
calcium clusters are preferred for the N  ^  Z  case.

We have calculated the BR o f and ^'*Mg
relative to alpha as well as for proton emissions whicli 
are presented in fig. 4. In fig. 4, panels (a), (b ) and (c) 
present the branching ratio of ' '̂^Ne and ’̂ '^Mg rela­
tive to alpha, and panels (d ), (e) and ( f )  represent the 
branching ratio of *̂^Ne and “̂̂ Mg relative to proton, 
respectively. The BR  for emission relative to alpha, in 
fig. 4(a) varies from 10“ ^̂  to 10“ ^̂ , indicating that one 
event o f emission can be observed in the background 
o f 10̂  ̂ to alpha particles. In the case of BR of 
emission relative to proton, the values are found to lie be­
tween 10“ ^̂  to 10“ ,̂ implies the increase in preference 
for among the proton background, as represented in 
fig. 4(d). The branching ratio for ‘̂^Ne with respect to 
alpha emission is found to lie between IQ-^^ and 
and, with respect to the proton emi.ssion, is found to lie 
between 10“  and 10“ .̂ BR o f 0.088 is observed for the 
element indicates the increase in the iireference for
'̂^Ne among proton background. In the case of '•̂‘*Mg. BR 

relative alpha decay varies between to 10“ °̂ and
with respect to the proton emission is found to be 
and 10“ .̂ Hence it is predicted that '̂ ‘^Ne and “̂*Mg 
clusters can compete with proton emission among N  =  Z  
clusters for the odd-Z superheavy nuclei Z =  10-5 to 119.

4 Summary

Half-lives of 43 iii-otou emitters of protuii drip line " ill: 
Z  =  .51 to 83. for ground and isomeric stales ol deriiiineil 
nuclei for the emission of proton are calculated wit hin I Im 
frame work o f unilied lission uiodel. modilied Iront ! ’ ('\ l 
of Gupta and collaborators. Calculated value-, an' in .'chii: 
agreement with the experimental r’alues for proicii emi> 
sion. It is dear from experiments that alpha and iminu! 
branches are reported for a few nuclei. Hence hall li\''s hu 
a decay are also calculated lor 31 cases ol piuldi: m il  
ters in their ground state. For the iiareut nuclei l.i 
icejr, I67|r, ‘ ™T1 and ^^®TI. ali>ha decav is prelerred Since 
there is a fair agreement between the calcnlaled and e,\- 
perimental lialf-lives for proton emission and a le\'. .dplia 
emission, we have extended our calculations to lind half- 
lives for both al|)ha and proton emissions lor ihe -npei 
heavy nuclei with odd-Z. IVoin 105 to 119 will) the p, ni'iil 
mass miiuber in the range ,4 ~  2 11 to 287. ( 'alcniai !■ ,n l e 
veals that alpha emission is found to be the pi'iniai;e leca'. 
mode for sii|)erheavy nuclei. We have extended our -fud', 
to lind half-lives of a few even-even chistei-s such ;i-. ( Xe. 
Mg, Si. .'\r and Ca. Amongst the isoto|)es considerer; ('. 
'■̂ N̂e a)id ^'*Mg has the lowest half life and ai'c I he lu'',he.''l 
preferred clusters with N  =  Z  and as we mo\'e to'.anl- 
heavier clusters only clusters with N   ̂ 7  ;iiv p i(■l■■l i I'cl 
It is understood from the brandling ratio of these cinsierr- 
with resirect to alpha and pi'oton emission, that em..--dou 
of clusters "̂̂ C, ^'*Ne and '^'Mg can be consideie,' ;i. 
competing decay mode for proton emission. Ilowew r al 
pha decay mode is the pj-eferred decay mode fm "dd Z 
superheavy nuclei in the range Z  =  1(15 to 119.
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