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Photoinduced phase transitions via excited electronic states are discussed theoretically using a one-dimensional
model composed of localized electrons and lattices under the adiabatic or diabatic approximation. We show that the
global phase change by photoexcitation only at a site is possible, and we clarify conditions for the occurrence of such
phenomena. In the adiabatic regime, depending on the intersite interaction, an initial local photoinduced change (i) re-
mains locally, (ii) induces cooperatively a globa phase change, or (iii) disappears and the system returns to the initial
phase. Dynamical features of the case (ii) are characterized by the “deterministic domino” processes of the domain
walls; the domain walls between the two phases move deterministically with a constant velocity without spontaneous
emissions. In the diabatic regime, similar three types of photoinduced change are possible. The domain-wall dynamics
is described as the “ stochastic domino” process with a random velocity, which is accompanied by the successive radia-

tive transitions. Related topics of the photoinduced domino theory are also introduced.
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Energy

Fig.1 Loca diabatic potentials eit» (solid curves) and local adiabatic potentials € (broken curves) as a
function of the lattice distortion u; in the jth unit cell. Here ux is the position of a crossing point of
the diabatic potentials. Inset: The local adiabatic potential &2 (u;) for the e O case. Here ua and us
(uc) are the position of the local minima (maximum) of &f (), and up is the position of the local
minimum of &8 (u). The upward (downward) arrow represents the electronic transition with ab-
sorption (emission) of a photon. Aeic &8 (uc)d £ (ua) isthe potentia barrier.
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Fig. 2 Real-space configuration (snapshot) of the structural
change after one-site excitation with the single-site
parameters e 0 0 0.5, yO 1, and tO 1.1. The interac-
tion range is chosen to be p O 0.5, the interaction
strength (a) kO 0.05, (b) kO 0.2, (c) kO 0.5, and the
fricionT'0 1 (large I'). The relaxed positions just be-
fore the spontaneous emission are plotted by crosses
and the configurations after the spontaneous emission
(70 70 50) by open circles. In (a) and (c), there are
no further temporal evolution.
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Fig. 3 () Phase diagram on the (i, k) plane in the adiabatic
regime with the single-site parameters ¢ J [0 0.5, yO
1, t0 1.1, and the friction 'O 1 (large I'). (b) The
phase diagram on the (i, k) plane in the diabatic re-
gime with the single-site parameters e 0 O 3, yO 1,
t00,and O 1.
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Time T

Fig.4 Domino motion of the sites as afunction of time 7 in
the adiabatic regime for eJ 00 0.5, yO 1, t0 1.1, kO
0.2, u00, and TO 1 (large I'). The spontaneous-
emission lifetime s is set to be 20.
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Tablel Comparison between the domino dynamicsin the adiabatic and di-
abatic regimes after photoexcitation of the zeroth (j 0 0) site. Here
N isthetotal number of the sites.

Adiabatic regime Diabatic regime

Condition
Region
Spontaneous emission at jJ 0
Spontaneous emission at j# 0
Total number of emitted photons

Domino dynamics of the domain wall

Time scale of the domino motion

tD:l SD 1rz tD:l SD 1rz
1 14
Occur None
None Occur
1 NO1
Deterministic Stochastic
Tvn 10°7% Teed 107°
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