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1. Introduction N 2. First approach

N
A Exponential law in alpha decay was first explained by Gamow, d One searches for separable solutions Y(x, t) = e_iEt/ﬁgp(X) of
in 1928 [1]. In his paper, eigenfuctions with complex the Schrédinger equation and an outgoing wave ansatz is
eigenenergies are present, which caused some concerns assumed:
about validity of this approach. Nevertheless, this method leads Asinkx ;0<x<a
to correct predictions both about the exponential time evolution p(x) = Beikx N> 3 (3)
in alpha decay and the Geiger-Nutall law. | - | -
d From this condition and the boundary conditions:
A The exponential decay Ia\_/v i§ a very good a_pproximation for kacot ka — ika — \ (4)
times of order of several lifetimes. However, it was shown by - | - |
Khalfinin 1958 [2], that the exponentia| decay cannot hold for all d Thisisan equathn with discrete set of COmpleX solutions. Thus:
times. It breaks down at some time, then it follows the power law = For A > 1, the solution can be found analytically:
dependence [2, 3, 4, 5]: N koa ~ fwi ; (n%)z (=12, .nr< ) (5
t fs Lbreakdown: 'D(t) ~ € " + .
(1) = The spectrum s discrete
t 2> tpreakdown: P(t) ~ t~" 1< n <4 in the cited papers | 5 5
— oot of th o veis of o = Energies E, = h°k;/2m are complex
e subject of this research is analysis of a simple, one- . .
dimensional model of alpha decay, which exhibits breakdown of N The wavetunctiondiverges as x — oG Y
the exponential behavior [3]: :
o 4. Numerical results .
V(x) = | 2ma¥lx — ) for x>0, (2) PO coorental e T
\_ \+OO for x < 0. - \\ regime Time evolution of the
0100 . / survival probability_ for | |
N\ low 2. The calculations
3 Second approach ~ * are based on eq. (8).
d The Gamow’s method approach, i.e. assuming that the 0001 \ :
wavefunction outside the well is an outgoing wave, leads to \ )
unphysical complex eigenenergies and unnormalizable * oa
eigenfunctions. Thus, the incoming wave term must be included: ol )
ASin(kX) < x < 3 - :AA=O.65
QD(X) — e o - (6) - / A=1
Be/ X 1 e IKX X > g o | Powgrlaw
107~  Oscillations in the regime -
Q Now, the spectrum is continuous and real. Functions A(k) and itermediate fegime — | A=36
B(k), k € R .can be found:  destructive interference |
21k T s T 10 15 a0 s a0 st
A(k) = — 7 i

ka + e’k sin ka
d The wavefunction can be written as an integral with respect to k, 5 Experiment ~

which is dominated by vicinity of the poles of -A(-k)A(k). After _ _ _ |
rotation of the integration contour, the solution is: A Rothe, Hintschich, Monkman (2006) - the first experimental
proof of the turnover into the nonexponential decay regime

— 7T g2 — 7T
(x,t) = e /4/0 e 2 (e k, x) dk +- (8) 0 The simple model studied by us successfully describes this

where (k) = [24(x',0)sinkx’ dx' is afunction dependent on the experiment in both the exponential and power law regimes

initial condition, f(k,x) = —3=¢(k)A(—k)A(k)sin kx and C(k,,x)are ot | %
COntribUtionS frOm the pOleS. (Log-log plot of Rothe, Hintschich, Monkman data
_ ] _ . i (dots) compared to our theoretical curves. The

A The three contributions to the survival probability are: o2l experiment involved measurements of the
luminescence decays of dissolved organic

materials over more than 20 lifetimes. These
results correspond to Rhodamine 6G. The
exponent found for Rhodamine 6G was n=3.5,
while for other materials it varies between 2 and 4.
This can be compared to the value n=3 of the
theoretical model.

m3a6 _
PPO/ES(t) — -5 Pbackground(t) ™ N4t3 Pinterf(t) (9) :

The second one becomes dominantwhen ©1tpreakdown/ ~ 101In A

.and breakdown of the exponential behavior then occurs. Y, .
6. Summary \ | -8
| s | B T) | s UT
3 Power law time-dependence for asymptotic times - | -
d Significance of the constructive and desctructive interference -
in the intermediate stage of the process /. Literature
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