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The influence of toe lattice vibratione on thermodynomic cha­
racteristica Df a two-level eystem described by the Dicke model has 
widely been diacussed during tbe last decade. In this connection we 
ahauld like to note the paper by Thompson/ 1/ in which a modification 

of the Dicke Hamiltonian allowing for one-phonon acattering processes 
hos been atudied. In fact, theee processes can be treated as a cor­

rection to o dipole-photon interaction of the type 

?-}"Ji+j;.(K7~+t,"~+)j l}(~J~:f·wr4_.J (1) 

where ( ánd ~+ are the phonon operators, W is the transition 
reeonance frequency, d+_ ia the matrix element of the dipole moment 

operator (d...-= (+/:i.J-», and the coefficienta K'I and K,,* are de­
termined from the expression for the Brillouin energy/2/ 
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Hera f (Xf ) is the traneverae electromagnetic field at point lc' CY I',' 

ia emitter's shift from sita f and.f ie denaity. Taking into account 
1/

only a finité number of modes of the phonon field, Thompson/ has 
shown that the lattice vibrations may change the kind of the equi­
librium phase transition in the dipole sybeystem from the second to 

the first one. 
The dynBmics of the superrad1ance momentum has been studied in 

ref./3/ al10wing for one-phonon ,Bcattering processes (1). It W8e 
I:shown thBt such processes haeten radiation. 
tI 

Another mechanisID of coupling of the dipole and phonon Bubsyo­

teme due to a direct interactione of dipoles of the ferroelectric I: 
type haa been discussed in refe./4- 6/ . It W8a also pointed a poe81b1~ j!
lity or changing the kind of 8 trensition. A generalized vereion of II 
the Dikke model proposed in refs./4-6/ has further been used wh1.1e " {;'

f:d1scusaing a posaibility of generation of the electromagnetic super­
}; , 
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radiance in ferroelectrics and pyromagnetice/7-9/ (8ee also ref./10/). 

In a number of papers/ 11-13/ the influence of the lattice vib­
rations on the properties of the dipole subsystem was based on the ex­
pansion over shifts of the U+ parameter of the dipole-photon coupl1ng

À in the Dicke model for the interaction of dipoleB with the elect­
k 

romagnetic radiation t he wave length of which is, of an order of the 
lattice constant. lu this caBe it became pOBsible to establish the 
change of the kind of o phBse transition and to calculate the contri­
bution of one-phonon scattering processes to thermodynamic characteris­
tics of the dipole subsystem. However, it should be emphasized that 
"modifications" of the D1cke model proposed in refs,J11-13/ do not 
reproduce the physical situation described by the model as, first, the 
parameter Àk is independent of the positions of atoms (see, for ins­
tance, rOf./ 14/) and second, the Dicke Hamiltonian ia derived under 
the asoumption that the sizes of the region containing radiating 
otema are lees tban the radiBtion wave length. 

An important class of processes related with the lat,ttce vibra­
tiene are ae is known elastic processes in wbich momentum transferred 
by o photon to an atom under radiation ie transferred to a crystal as 
a whole. Tho contribution due to these processes may be taken into 
8000unt by using the Debye-WBller factor (see, for instance, ref./16/) 

WhOBO 1ntroductlon leods to renormalization of the dipole-photon coup­
11ng paramo ter to 

À ~ J =- ~ e-:lW , (2 ) 

whoro 
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w~ W(8) - .fl, M ri!t )() (e.l- f /l 

nDra K 10 the ace t t er-Lng vector length, ~ is the meDe of en 
atem une! ~ ia the Debye temperatúre. 

NO" "O perform renormalizBtion (2) in the stendard Dicke model 
(DOC, for instanoe, ref./17/) and use the mathod develope~ in ref./18 / . 

Aa Q reault, tor the porometer JF defining tbe value or eponta­
naoua polorizotion in the dipole Bubeyetem one can derive tbe follo­
"1n" oquationl 

66YÂ"e-$'u:.- ~ / J ~~.l rlYe--= r:;J .- J rJ1 LIh + ~~W.l J­
-iw,ft~+ Y';Ve-j~ rl~' ee (3) 

i.t.w'" d 
"hora .Â la tho dipole-photon ooupling parameter (1) for only one 
roaonanoo modo of radiation in the oYBtem. 
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Conaidar now the ground exate of tne eyetem. From eq.(3) for 
the epontaneoua polarizatlon at ~ .-0 we have 

~ VíI"e-11lI, -i'fw~\ 
de =: , (4) 

o .,2..1:l,e- yw. 
where the qUBntity 

= ~ ~:z.K2­ f)Wo =- k W(6') -8 M lfliLfj..,O ~ 

~J 
defines xhe contribution uue to zero lattice vibrations. It should 
be noted that the. spontaneoua polarization in the ground state (4) 
is.les8 tban the relevant value in the Dicke model neglecting elastic 
mechanisms 

~(P)_ vÂ"-i~
J'o =... cu"l/I') c t , 

Then, the zero epontaneous polarization in the ground state ia poe­
sihle only under the condit10n 

IN:, <: -1 ~ + . (5)
..t /lW 

The dapendence of 10 on \XI; ~t fixed /VÍw ie ehown in fig. 1. 
In the caae of arbitrary temperaturas eq , (JJ with expreasion 

for t(((@)allows one to determine the temperature dependence of the 
spontaneous polarization jF for different valuee of tbe parameter 

3 Ii~K2.,P = -:& M 8 3 • 
. D 

The resulta of t he relevant ca lculations ehown in fig. 2 indicate that 
an incraase in the vibrational contribution (parameterjS) reeulte 
in the lowering of the criticaI temperature snd decreaeing of the spon­
taneoue polar1zation in the dipole eubsystem. The dependence of ~c 

on f3 ie shown in fig. 3. 
In the thaory of aqu111brium phase transition the Dicke model 

is characterized by the etrong coupling condition/17/ 

À >~W 
I 

which ia the condition for a phase transition with the zero tempera­
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A condition necessary for the zero solution of this equation is in­

equality (5) which plays here the role of tbe strong coupling condi­
tion. 

Thus, the consideration of elastic processes in describing 
equilibrium properties of tbe Dicke model on a crystal lesds to tbe 
following resulta: 

1. The preeence of the lattice vibrations causes dacrease in 
the value of the spont~heous polarization and lowering of the criti­
caI temperature. 

2. The atenderd condition of etrong coupling in the Dicke model 
ie changed by inequality (5) imposing additional limitBtions on the 
choí.ce of parsmeters Â and LV • 

ture~~. In the case under consideration the oritioal temperature ia Acknowledgemente 
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ArrHcKeH~epOB 3.H., illYMOBCKHH A.C.	 EI7-86-72 
yqeT yrrpyrHX rrpo~eCCOB B MOAenH AHKKe Ha KpHCTanne 

Hccne~oBaHo BnHHHHe yrrpyrHx rrpo~eccoB Ha KpHCTanne Ha Tep­
MO~HHaMHqeCKHe xapaKTepHCTHKH ~ByxYPoBHeBo~ CHCTeMbl ~HKKOBCKO­
ro THrra. Ilonvxea anarro r vcnonaa CHnbHOH CBH3H, yqHTbIBalOm;eH rra­
p axe-rpsr xpacr anrra o 

Pa60Ta BbIITOnHeHa B Jlaõop a-roprra TeOpeTHqeCKOH -qlH3HKH OllilH. 

Ilperrpmrr 06'heD;HHCHHoro HHCTHTYTa MepHIJIX Hccne.o.oBaHHH.lly6Ha 1986 

Aliskenderov E.I., Shumovsky A.S. E17-86-72 
Elastic Processes in the Dicke Model on a Crystal 

The influence of elastic processes in a crystal on thermo­
dynamic characteristics of a two-levelsystem of the Dicke­
type is studied. An analog of the strong coupling condition 
allowing for the crystal parameters is obtained. 

The investigation has been ~erformed at the Laboratory 
of Theoretical Physics, JINR. 

Preprint of the Joint Instituto for Nuclear Rcscarch. Dubna 1986 


