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ABSTRACT

A phase transition has been studied in a random system of two-

level atoms interacting with an electromagnetic field. Tt in shown

that superradiation can arise when there is r'.hort-range order in a

spin-subsystem. The existence of long-range order is irrelevant for

this phase transition.
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The Dicke type models describing interaction of finite mode electro-

magnetic field with many-level atoms arranged on the sites of regular

lattice have been investigated in detail in recent years, see for example [1,2]. It was

found in this ease that the thermodynamic problem has an exact solution and

that under definite conditions there exists a second order phase transition

in the system to superradiance [3- \. In the superradiant state there is

condensation of resonant mode of electromagnetic field and corresponding

ordering in spin-subsystem [l ].

The aim of the present investigation is to study the thermodynamics

of the Dicke model with random interaction between electromagnetic field and

two-level atoms. The consideration of random variables, which is necessary

in this case, can lead to a significant change in the properties uf the

pure system, e.g., phase transition changes in the annealed Dicke model [Ij.

Here we shall consider a quenched model of matter interacting

with the boson field. Quenched disorder results in random interaction

parameters x between field and many-level atoms.

The simplest random model of matter interacting with the electro-

magnetic field can be described by the Hamiltonian

< > (1)
L—1

where a , a denote the creation and annihilation operators of photon with

a
energy <u ; cr (« «,y,z) - Pauli spin matrices; x.- measures the coupling

between the field and the atom on site i. According to our model, x. are

random variables with some probability distribution P(x ).
i

The free energy density < f> and thermodynamic functions for
av

quenched systems are obtained by averaging over random variables x, [4 j :

W
~ \ I' Lr\" Ĵ '̂ i'j T W A ; U (2)

*) In quenched models atoms are considered to be frozen at fixed positions

for a sufficiently long time and cannot reach equilibrium with respect to

other degrees of freedom. Such systems have been widely studied over the

lasts years,particularly solid state physics and the spin glass theory [4 ] .

Here f( (K.( ) - is the free energy given for some realization of random

variables J x.} . We shall utilize the fact that due to the ergodic theorem

fur statistically independent and identirally distributed random variables

Using the approximating Hamiltonian method [l] for the random model

(1) of two-level atoms interacting with electromagnetic field (G^) we

obtain the free energy density:

The corresponding selfconsistent equation can be written as

EM-
(4)

The condensation of the resonant mode of the electromagnetic field

is characterized by the order parameter

(5)

the magnetization of spin-subsystem is given by

For the spin glass order parameter we have

(7)
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In this model there exists the phase transition to superradiant

state at the critical temperature

for

The probability density P(x) \s determined by real characteristics

of the- random system. Let us consider the simplest case

(9)

For the random model with distribution (9) we have

whereas for the pure system m=p/xo-

So we have obtained that there is no dependence between long-range

order in the spin-subsystem and the superradiant state. Only the existence

of strong short-range order (q^O) is necessary as in case (9), there the spin

subsystem is in the spin-glass state. We could consider any distribution

P(x) by the same rigorous method.A spin glass exists only for symmetric

distributions, otherwise there is a random ferromagnetic state.

In conclusion, on the basis of our results, it follows that the

exactly measured order parameter for our model, being the field itself,

eives a new method for studying interacting random systems.
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