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Theoretical investigation of double a-emission
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Poenaru and Ivagcu proposed the possible
existence of double a radioactivity in 1980s
[1]. Recently, Tretyak investigated the decay
process in almost eighty nuclides to explore
the possibile decays and the experimental
limit on the half-life is set to be greater than
102V years as obtained from the study of 29°Bi
nucleus[2]. We consider the quantum tunnel-
ing of already formed two a-particles through
the interaction potential barrier V' (r,6) con-
sisting of the Coulomb potential Ve (r, ) [3],
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Ve(r,0) = (1—e%) (1)

with S is a function as described below:
S = ¢(0)r +0.5(6(0)r)* + 0.35(0(0)r)® (2)

and, the proximity potential Vp(r, 8) [4],
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where y = 0.9517\/1—2.6 (dd) ,
Aq

and ¢ =r — Coy — Cy.

“f” is the orientation angle of the emitted a-
particles w.r.t. symmetric axis of deformed
daughter nucleus and, the nuclear radius R;
with ¢ = «, d, p can be found as:

Ry = {1.284% —0.76 + 0.84; "/} x
(14 B2Y20(0) + BaYao(0)). (4)
B2 and B4 are the quadrupole and hexade-
capole deformations of nuclear ground states.

Also, C; = R; — 2% with b as surface width

chosen to be 1 fm. Now, the half-life of the
nucleus can be found as,
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Here, vg = 2],3:"’ is the assault frequency while

E, is the vibrational energy such that [5]:

Ey = Q2a (0.056 +0.039 exp (4 _2?2" )) (6)

The tunneling probability K through the po-
tential barrier can be evaluated as [6]:

/2
K= /0 sin 0 T(6) df (7)

where T'(6) is the transmission coefficient [7]:
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b’ (6)
q(0) = [?L / oy V2T (V0 0) — Qaa)dr| (9)

where m,, is mass of nucleon. The turning

point b'(8) is fixed such that V(V/(0)) = Q2a
while the turning point a’(6) is taken as Ra, +
R,4. The preformation probability Py is [§],

logio Po = h + f'Qaa + 9Q3,

where f/ = —0.25736, g = 6.37291 x 10~*
and h' = 3.35106. The disintegration energies
Q2. are calculated using binding energies as
reported in [9]. We have calculated the loga-
rithm of half-lives of medium and heavy mass
nuclei which can decay with the emission of
two a-particles and the obtained results are

. Za - .
plotted with respect to Jo— in the Figure 1.
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Parent Daughter Qaa log o [T775 (yr)]
Nucleus Nucleus
Theor. CPPM MGLDM  Q Ref. [2]
(MeV)

™Sm  0Ce 3.933 52.848  59.40 57.77 55.41 58.11
152Gq  #Nd 4.238 51.424  57.77 56.28 54.00 56.61
156Dy 1489y 4.006 57.183  62.75 60.77 58.43 64.28
1TAHf 166 4.288 61.919  68.63 65.84 63.57 69.91
180yy 172yh 4.828 56.668  64.04 60.68 58.55 64.15
1810g  176Hf 5.535 50.331  57.96 54.29 52.33 57.15
1860g  178Yf 4.646 63.279  77.58 73.41 71.15 75.90
190py, 182y 6.153 46.31 54.33 50.33 48.53 52.43
192py, 184y 4.630 67.338  77.30 72.71 70.52 74.15
196g  188(0g 4.527 72.867  83.69 78.46 76.25 79.53
22Th 2%4Rn 8.230 40.398  45.62 42.59 41.30 46.80
24y 226Rgq 9.709 31.231  35.72 32.86 31.92 37.80
238y 230Ra 8.022 43.292  48.73 45.53 44.19 50.97

TABLE I: Results for the logarithmic values of half-lives of medium and
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heavy nuclei obtained using eq. (5) and other theoretical methods.
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FIG. 1: Plot of the logarithmic values of half-lives
w.r.t. —24— for medium and heavy nuclei.
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A very good linear fit is obtained as well.
We have also compared our results for few
cases with those predicted using other theoret-
ical methods [10] viz. CPPM, MGLDM, the
model using disintegration dependent form of

preformation probability (Q) and the results
are reported in [2] (see Table I).
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