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Introduction ’

Decay| ng Beh avior of L.Fonda, G.C.Ghirardi, A.Rimini. Rep. Prog. Phys. 41. 587 (1987)
H.Nakazato, M.Namiki, S.Pascazio, Int. J. Mod. Phys. B 10, 247 (1996)
Unstable Systems
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Before and after the exponential decay regime at short times
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S.R.Wilkinson et al/, Nature C.Rothe et al, Phys. Rev. Lett.
(London) 387, 575 (1997) 96, 163601 (2006)

Deviation at Iong times

Long Time Deviation t
L. A. Khalfin, Zh. Eksp. Theor. Fiz. 33 1371 (1957) [ Sov. Phys. JETP 6, 1053 (1958)] :
System has the lower-bounded and continuous energy-spectrum

I::> Long-time decaying behavior becomes Nonexponential !!
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Experiment of Rothe et al -

C.Rothe et al, Phys. Rev. Lett. 96, 163601 (2006) . " pouree
Nonexponetial decay law at long times £10°; vl
was observed 5o ) fove 28
) At a finite temperature 512

( 77K~room temperature ) : :2
ii) Oscillatory behavior at crossing time? :Eﬁf N N
i) Initial state dependence at long times o " time(s) 'O 10°
(M.M Phys. Rev. A 70, 032108 2004; FIG. 2 (color).  Corresponding double logarithmic fluorescence
Braz. J. Phys. 35, 425 2005.) ﬂt;:f“i;l:‘%}if.i?i:;f’}il;‘jﬁif’%ij"E?"ifl?fﬁ‘f‘jcl';ﬁi?j"."h'l“ifliﬁl:?fi inten-

Theoretical studies of unstable systems

at long times for a finite temperature ? system + environmental field

(discrete) (continuum)
However we often choose ...

ps=1){1]  pB=[0){0

[except, e.g.
A.G.Kofman,G.Kurizki, Phys.Rev.Lett.93,130406(2004)]

> In this study, we choose PB to be a thermal state




Harmonic Oscillator coupled to a Bosonic Field

Hamiltonian 4 A
R
H=Hy+\V
Hy = wpa'a —|—/ dwwb! b, 1) (1] *\ﬁjﬁ &
iy 0 9)(gl
v=/ dw(g” (w)a'd, + g(w)abl, -
- dely (@b + glwlatl] Heat bath
Initial State /OS(O) — aHg)(g\a — ‘1><1| First Excited state

p(0) = ps(0) @ pB(0) pp(0) = e BHB /trg {G—BHB} Thermal State

Reduced Density Operator Survival probability
ps(t) = trg {p(t)} (L|ps(t)[1)
Form factor is assumed to be meromorphic (e.g. a system of hydrogen atom
W(W/A) interacting with an EM field)

2 A= _
g(W)|” = p(w) = Ap(w/A) = Ap(w/A) P.Facchi, S.Pascazio, Phys. Lett. A,

5(M) (0 241, 139 (1998):1. Antoniou et al., Phys.
=A[¢ .( )<w/A>”+0<<w/A>n+l>] o) Y
n! Rev. A, 63, 062110 (2001)




Survival Probability at Finite Temperature

Generating Function in Q-Representation ;
* d*.J §
G (J,7) = trs {eo" e ps (1)} ps (1) :/ GO, — %)oo' g

T
Survival Probability at a Finite Temperature
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(1ps(t)[1) =ly(t)I*

A
Survival amplitude when the initial state of the field is vacuum New term
1 est 1 est
y(t) = o5 e (a2 P T L e
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Survival amplitude of an emitted photon

— st
% [[3 he(s) S _:iwdS] 9" (w) Bose distribution : ng(w) = (% — 1)1

G(w,t) =

Probability conservation law
ly(t)]? + [dw |G(w,b)]?2 =1

Mean excited-energy level

(a'(®)a(t)) = (a'(t)a(t))vac +/Clwn,g(W)\G(w,7f)|2 (@’ (t)a(t))vac = ly()I*



Survival Probability at Finite Temperature

Zero temperature limit

(1]ps(t)[1)
s 1= Jdung(@)|G@, D [ dems(w)|Glw,t)P

= |y(?)
(1+ [ dwng(w)|G(w, )2)” (1 + [ dwng(w)|G(w,t)[2)”
Ble [ dwng(w)|G(w,t)]* =0
— |y(t) ‘2 (B—00 ) ... agree with the time evolution at zero temperature!

Long time behavior when an initial state of the field is vacuum ( c.f. Friedrichs Model )
1 (@™ (0))? 1

A2(rn 1) 1 2(nt1) it — o0
(o — A [ dween)* 200D

[y (£)]7 =AY

P.Facchi, S.Pascazio, Phys. Lett. A, 241, 139 (1998)
l. Antoniou et al., Phys. Rev. A, 63, 062110 (2001)
The inverse power of { is determined by 73 in the form factor

Correction to What we need to evaluate is ...
the long time behavior ‘ /dwng(W)|G(w,t)|2



Evaluation of [ dns@)|G(w.0P 7
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Negligible! ( exponentially-decaying terms )



Asymptotes of nonexponentially decaying terms

AS 1 — 00 Equilibrium Value (a’(c0)a(o0))
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The latter term may dominate

over the former one for all n !
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Long Time Behavior of Survival Probability

(1]ps(t)[1) _Equilibrium Value
d © (W) - o
~ N J dems () =i von > New additional term ,
(1 + A2 [ dwng(w) |h(_%zfuw+)0)|2) comparable to (1)
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Usual survival-probability term, i.e., |y(t)|? (1+)‘ / wnﬁ(w)lh(—iww)lz)

O Finite temperature correction seems significant at long time

0 The mathematical origin of nonexponential decay is as same as usual one
[Paley-Wiener theorem L.A Khalfin, Zh. Eksp. Theor. Fiz. 33, 1371 (1957) [Sov. Phys. JETP 6, 1053(1958)] ]
Examination of nonexponetial decay at finite temperature is still valid !



Summar n

As a first trial, we examine the long time behavior of unstable
systems at a finite temperature based on a specific model

] We have found how the finite temperature effect appears in

the asymptote of the survival probability at long time

_| A finite temperature correction may be significant comparable

to the usual survival-probability term

Future Problems

Validity of the asymptotic expansion?

The first time at which the asymptotic expansion is valid?
Oscillatory behavior at cross over time?

| Finite temperature effect on the short time behavior?
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