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Abstract Bose condensation of l'renkel excitons is studied 

and oorrectione of the euperfluid apectrum of excitations in the 

system of nonoonde:nsed bosons du& to the. nonlinear effects are 

obtained 

The problem o! exciton Bose condensation has been s tudied by 

many authors1-4> ,  and recent experimental evidences in favour of

it are availablo5 ) . The question unresolved yet ,  is , to what ex -

tent does the fact that excitons are not really bosoDB , 1Idluence ,  

their collective properties . 

The collective properties of Frenkel excitons had been s tudied 

in some detail in 3 • 6 > .  If one uses the exact bosonic representa. ­

tion of Pauli operators describing excitons , as a consequence: of 

different commutation relations , there arises so cal'led ttk:inematic" 

interaction. It  leads to the repulsio� between exoitons at small,, 
dis tances ( due to the scattering on a o  potential ) . In this way we 

can treat the system as a nonideal Bose gas in the approximation 

of hard spheres ., I:n the presence of Bose oondens·atio:n, we start 

with the following Hamiltonian, applying standard Bogolyubov pro­

cedure7 > 

H = Z:. lo( ti<, �  s Jb� t'.:>� + i � . �(..�� �� .._ �� ei_� ) +� o  K� 
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where �(�)=---_representa the exciton energy in the effective 
2. rn  * 

mass approximation ,  rn - the exciton effective mass and 

(' e. r"�d� > t = 2 Z\,  �CJ ) f\t> .,. vfo ( 2)
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JI' is the total number o t  the excitons ,  '-'fo the number o f  conden-

sed excitons , N the number o f  lattice sites and ..'.a1 o the elemen -

tary cell volume . 'E,it are Bose . operators in momentum representation. 

It there were no fourth order term, the result would be the

standard SU?ertluid spectrum? ) . Following theese . ideas , we intro -

duce new Bose o oerators C it defined. as 

) ( 3) 

Substituting ( 3 ) into ( 1) and reducing all o perator forms to nor­

mal products , we retain in. the Hamiltonian the part quaoratic in 
i -t t 

, and also the forms o f  the type C.. C C, C + h. c . , which con-

tribute to the spectrum in the second order perturbation theory. 

We eliminate the terms of the type C C  + h. c .  from the quadratic 

part, and the contribution of fourth order terms we calculate ap­

plying the Green 's �ctions methoda , 9 ) . As t e  result o f  such pro­

cedure , we obtained the following spectrum:.... '"' -
E., lit ) .. E ( \<..) + 6 t. l K.J c 4 >

{1 ... " 'L " 2 1
1,
h. where E.tK}= l(at\<,) +r-,+u,1 - l (o+o,. )  J with 0" and o1 satisfying 

the following nonlinear integral relations

6 4 = i\ 1"� ) v-_: ' D!l = 2 re, 2... U:f\)); 
N T 2 ' N l 

J. " -
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and�fa� - the correction o t  the .. second order in 'tl,)
the following relation : 

( 5 )  

( 6 )  

is given by 



where : 

and 

( 8) 

L; ;t. ;! =-2 ( °'-�\ u ;?� tt.� .. ��� +-\ \J\ u.� ·��+t:t� ��) C 9>
h �.c. \"'l 

\ b!z. � () �. 
Solving ( 5 )  approximately ,  we " tind04= chi>fo \'\o +O\�\jand 02� -tto f\, + \ \"\o-) 

where Q<::4'0�1 and O<Q)2.'=l. The �ther analysis of the spectrum 
.II, 

(4)  was performed numer�cally for the set of parameters : m ; 50m� 

and -�o-AO: fhe results are presented on the Figure 1 .  The values

. -1 
o:t the waTenctor are given in cm • 
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F13. 1 Spectrum described by (4 )  

The spectrum (4 )  differs essentially from those obtained by 
. ' I 

Bogol.7bov7 ) . J:t poeesses the rotonic minimum for high momenta. The 

small gap appearing in the spectrum can be considered as the result 

of the crude hard sphere model for the scattering potential. The 

mor, realistic choice o! the scattering potential would lead to the 

absence of the gap , analogously to the result of Sunakawa et a110 ) , 

where the problem og liquid He4 was studied . 

If the exciton system during the exciton lifetime (�) can achi­

e"te quaeiequilibrium state , (which is possible torb'>�e , whereGe 

1a the relaxation time of the system lattice + excitons ) , one can 
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ezamille reversible optical hydrodynamical phenomena, in the same 

way as it was done for Wannier-Mott excitons 1 • 2> . ( The condition1;>Ge 

iscertainly :tull!iled for triplet excitons6 ) because'G- 10-3sec ,

and�<.10-10 sec . )

The moat interesting result is the possibility of the super -

.tluid energy transfer through the crystal. I.t ..A o  condensate exci-
A 'r- ( \. � � L d toll8 move superfluidly with the velocity·vs \J�<·\Jc.-..; =-

m .. cl 'r 
where d is the crystal thickness and , the radius o f  a vortex1 > )

l \ __, 
then during the lifetime they will pass, the distance �v�� (which 

is much longer than the mean free path o! the excitons during the 

di:tusion process6 ) ) and during the deexcitation they release the

eners:, Jl:�, where A is the excita�ion energy o! a molecule . This 

killd o.t movement of the condensate excJ.,tons one can achieve by kee­

ping the teaperature difference on the edges of the crystals , which 

presents � analogy with the thermomechanical effect in superflu­

id He4 . 
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