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Abstract : Basic limitations of the ane-body theory of «-decay are first poin-
ted and then the essential features of the recent theory due to the present
author are described. The Geiger-liuttall relation is then derived fram the
fission-character of w-decsy as revealed by the recent theory. The relation

tums out to be log T_é_(expt.) = C-IEK(K e
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Introductim

As is well Xnown, the Geiger-Nuttall (@)
empirical relatim is the first significant study
in the field of a-decay. This relatian is said to
have found, lang after two decades of its find-
ing, its theoretical justificatimn in the ane-
body theory of o-decay due to Gamow-Condon-
Gumey,. But this theory met with serious objec-
tions som in the wake of neutron-discovery and
cansequent knowledge of the neutran-protan (n-p)
compositian of the nucleus which ruled out, as a
logical consequence, the theory'!s basic postulate
of pre-existence of x-particles as permanent sub-
gtructures inside the emitter prior to emissian,
Feutron-discovery prompted Bethel md Frenkel?
to remark that an os-particle, instead of pre-
existing as a permanent entity inside the emitter,
is formed out of (2n-2p) nucleons in the process
of emission, In other words, o-formatian and o
enission are, according to them, one and the sme
procegs, Frenkel further adds that a-decagy is a
distinct type of asymmetric spontaneous fission,
Again, according to Kaplan3, a fundamentel revi-
sian of the one-body theory, perhaps affecting

ane's idea sbout the coulomb-barrier penetrability,

¢an take into account the probability of -~forma~
tion out of (2n-2p) nucleons., These serious
objections ad criticisws not-withstanding , the
ane-body theory of a-decay with its different
variants still continues to be the guiding
theory in the field of w-decay studies,

Knowledge of (n-p) composition of a nucleus
requires, of logical necessity, a theory of o
decay to be based on this knowledge and to evalve,
as suggested by Bethe and Frenkel gnd as realised
in the recent theory due to Basus , out of con-
sideration of g-fomation from (2n-2p) nucleons
of the emitter. The one-body theory is, at best,
a description of the post- w-formation aspect of
the x-decay phenomenon to the complete exclusion
of its nuclear aspect. In the post-neutron-dis-
covery era, however, attempts have persistently
been made to introduce the nuclear aspect as en
after-thought through cansideration of w-forma-
tion within the frame-work of the very post- o-tfo~

mation picture, As g~formation and g-emission are

one and the same process and not two Separate
processes, it is obviously fallacious to consider
the question of o-formatian out of (2n-2p) nuc-
leons in the post-m~formation picture., Onethus
comes across a serious logical inconsistency in
the body theoretic of the existing model, It is
slso here that one feels badly the necesegity,as.
expressed by I;aplaz13, for a fundamnentally revised
theory of ®-decay, If, however, ane wundertakes

a ab initio investigation into the process of
x-fornation out of (2n-2p) nucleons, the 5
emergent picture of «~decgy, as shown by Basu™;
is fundamentally different from and, in fact,
diapetrically opposite to the one-body model of
a~decay and reveals the following essential
features of the decay mechanism. (1) Instead of
pre-existing as a permmanent entity inside the
emitter, an o-particle is formed, oS remarked by
Bethe! and Frenkel2, out of the last (2n-2p) nu-
cleons of the emitter in the process of emis-
sion®, (2) «-Buission takes place over the so-
called coulomb-barrier® rather than tunnel
through it. Kaplan's hint at a possible change
of one's idea about coulomb-barrier penetrabi-
lity may be recalled here. (3) The repulsive
coulomb energy emerging between the «-cluster
and virtual daughter in the process of their
transformation into real entities is rather the
cause of the x-decay process than a barrier to
ity As the cause of & certain process can never
act as a barrier to the same process, this find-
ing rules out the role of the coulomb repulsive
energy as a barrier and the concept of tunnel-
ling in the oedecay process and thus lends final
confirmation to the feature (2) mentioned above.
As suggested by the asbove-mentioned features and
as shown by Basu8, «-decay is, true to the pre-
diction of Frenkel?, a case of spontaneous fis-
sion, It can also be easily shown? that the
Gemow theory of x-decay is actuslly an enti-
thesis of fission and hence incapable of repro-
ducing the recently discovered fission-character
of e-decay. In short, this new theory of %-decay
fully vindicates the suggestions of Bethe and
Frenkel?, and fulfills the need,as advocated by
Keplen3, for a fundementally revised theory of
a—decay,

The original G relation expresses a con-
nection between the life-time of an «-emitter
and the range in air of the w-particle emitted
by it. Its derivative relation connecting the
life-time (T.é.) of an emitter with the kinetic
energy By(x) of the x-particle emitted by it
is far more significant. To_explore this con-
nection, Gemow1U end others!' plotted logly(expt)
vs, B;(x) which yielded a set of curves, efch
representing a series (2 = constant) of even-
even (e-e) isotopes of @ e—emitter in their
Z.S. to g.s. decay, The (N relation correspond-
ing to these curves is yet to be derived from
a theory of %-decay, There are, then, other
workers 3» 12 who plotted logl‘%_(expt./ vs,

I:i'{i' (e ) which, true to the Gemow theory of
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*~lecy;, yielded a set of straight lines, each
representing an (e-e) isotopic series in their
Ze8s to 2.8, decagy., This is where the (N rela-
tian is said to have found its theoretical justi-
fication, Dut this agreement between theory and
experiment, according to Laplan3, simply testi-
fies to the validity of barrier-tumnelling con-
cept in the ane-body model but does not imply
anything canceming the validity of the model
itself, This naturally gives rise to questims
about the ane-body theoretical justification of
the @ relation. The present work is, therefors,
an attempt %o derive the @ relatian from the
fissian charecter of x-decay as revealed by the
new theory.

Theory, Results And Discussions

As shown by Basu7’8 an the basis of Eohr-
Wheeler theory of fission and then o the inde-
pendent basis of his own theory of «-decsgy, o-
decay is a distinct case of spateneous fissian,
The fission-character of o~ gcay is best expres-
sed by the following relation” for a series of
(e-e) isotopes in their g.s8. to g.s. decay.

logr_;}(e:q)t.) = A-B Ecoul(ma.x)/l Ecoreﬂ eee(1)

where A & B are characteristic constants of the
series and other symbols have their usual signifi~
cences and methods of evaluation as in references
6 &7,

Bquation (1) cen be rewritten in the
following convenient form,

Logly(expta ) <(4-B)B[B(% )/] B gp] +ee(@)

where use has been made of the following relation
in a previous work! with Boopre in its usual nega~-
tive sense,

B(x) =B, ,(mex) +E . =B . (wax,)
"]EcoreI e e(3)

Relation (2) may as well be treated as the
@& relation between the expt, T, and expt, kine-

tic ener -(® ) but for the presence of
the attrgtj%g cgre—interacti.cxlz, which is gsgre!

anenable to experimental determination, It may,
however, be absorbed in B of eqn.(2) where it
will be free to operate in the back-ground.
Eqn.(2) in that case reduces to the following
form yielding the desired @I relation between

Ty md B ().
Logty(expt.) = C-DE () .o (4)

where C = (4-B) = a characteristic constat of
the series end D =B/|E b

a8 D is a function of |Esgpel, it varies,
increasing monotonically with monotonic decrease
of | Bgorel from one member to another down an
(e-e) series while corresponding By(% )'s in-
crease monotinically (barring shell-closure) down
the same series, This variation of D, co-effici-
ent of By(« ) in equ. (4), will make a plot of
log Ty vs, Bg(«) for a series deviate from li-
nearify to a curve. In other words, according to
ean.(4), a plot of logly va, B(% 5 should yield
a set of curves, each cfirve being representative
of a series of (e-e) isotopes of an emitter in
their g,s. to g.s. decay, This suggestion is, in
fact, remarkably bome out by numerous experimen-
tal plots in literature by different wor-

kersu””’w. Relation (4) mzy, therefore, be
rightly looked upon as the required Qi rela-
tion between the ot~decay life-time of an emit~
ter and the lkdnetic energy of an «~particle
emitted by it, The one-body theory, on the
contrary, is incapble of ylelding a relation
of the type of equ.(4, but yields, instead, a
@ relation of doubtful theoretical origin,This
i8 not surprising as the theoretical foundation
of the one-body model is, as dsicussed in the
introduction, far from being valid., 4s is ob-
vious from the above study, the empirical @
relation follows smoothly as a corollary to the
fission character of ¥-decay as discovered by
the present theory whereas the Geuow theory of
od-decay is basically an anti-thesis of fission
mechanisn of «~decay.
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