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Abstract

A long time scale experimental testing of the exponential decay law of gold, '*®*Au, is presented. The experiment has been processed by
using a contemporary digital spectrum analyzer. Within the limits of the experimental error(no deviation from the exponential decay law)
of '”®Au has been observed.
© 2006 Elsevier B.V. All rights reserved.
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Quantum systems

Survival amplitude  a(?) = (y|e "y)

Survival probability p(t) = |a(r) \2

a(t) = (y|e Hy) = [e7Ed u,(E) Fourier transform

—X HK———X » £ spectrum
p, (£2) = Prob (E € Q)

My = Mpp T Hae T He spectral measure

Lebesgue decomposition theorem



Pure point spectrum

Survival amplitude  a(?) = (| e My)
a(t) = (y|e My = Je—iEZ du,(E) Fourier transform
Hy =t =D |GI°8E—E)  ¢;=(E|y)  pure point

J
= A A >

a(t) = (y|e My) = Zlc\2 ik N /D

almost periodic motion

P(f)—>2\cj|4=const>0, as [ —> o0
J



Continuous spectrum

Survival amplitude  a(?) = (y| e "y)

a(t) = (y|e My = Je—iEZ du,(E) Fourier transform

My = Hac T Hse  continuous spectrum

> I

]Tf) —107 as — oo RAGE theorem



(Quantum unstable systems

Survival amplitude  a(?) = (y| e "y)

Survival probability p(t) = |a(r) \2

(w|e "y = Je_iEt d u,(E) Hy = Hac
absolutely continuous

du (E
p(E) = /z”l(; ) p,(E)=|{E|y)|>>0

Iim a(¢) = Iim e_iEtpw(E)dE ==0 unstable system

[— 00 [—00

Riemann-Lebesgue lemma
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— exponential

——— non-exponential

- "Zeno region"
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quadratic (Zeno) 1 2

exponential Ze 7

/ power ¢t~




Exponential decay?

a(t) =J e Hp (E) dE P (E) = [{E|w)|”
R
a(t) = exp (—1 || — ia)ot>
2

Fourier transform

% 1
2

1 .
p,(E) = —J e'a(f) dt =
27 I 2 (E—a)o)2+%

1

1o = £
(Ely) = ¢c(E) = \/pw(E) e el V2zE- &

2
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Subsystem evolution
X = C*Q® L (R) spin-1/2 particle

w=\0>®¢o+\1>®¢12<2})

Hamiltonian
q
H=10)0]® .+ 1)(1] z<+ )

A

Ay

Q+¢ (x) = x+¢ (x)
px) = Px)

>

ramp functions
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Subsystem evolution
H=10)0]® q,+[1){1|® q_
U@®) = |0){(0] ® e+ + | 1)(1 | ® e™4- unitary group

P |pc)(Pc] factorized initial state

p(t) = tr, (U@)(p ® | ) HU(r)T)  reduced density

matrix

p(t) = ( Poo JDP Ol) subsystem evolution

f®po P

exponential overlap function

f) = (Pele ") = ezl
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Paley-Wiener?

_itH tH _ . —it%
Prorl) = € = ptoteﬂt =e " (Pot)

e =I[Hp,l Liouvillian
spec & = spec H — spec H

0
e, Liouvillian spectrum
0
g generic observable

(A(D)) = tr(Ae™H ptote“tH ) =tr (A e_itfg(ptot))
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Non-analitic potential?

ramp function

H=10){0]® V(¢)

W(x) = V(x) — V(—x)

increasing function

[ DL ® V(—9)

—/




Non-analitic potential?

H=10)0]® V(g) + 1)1 ® V(—g)

W(x) = V(x) — V(—x)  increasing function
PR |PpND|

p(1) = ( Poo S0P 01) subsystem evolution

fOpw  Pu 4

4
f(D) = (p|e™™MD p)

_/ >




H=10)0]® V(g) + 1)1 ® V(—g)

W(x) = V(x) — V(—x) PR |P)P]

Poo SO Py _ —itW(q)
= _— J() =(p|e™ " ¢)
E (f(t)plo P11 )

d(x) = | WW L) |72 po(W~l(x))  initial state

Example
V(x) = exp(x) W(x) = 2 sinh x

1
B — 1 y = arcsinh (x/2)
4rcoshy y — g, — ,%






