


1. Intfoduction;

'n quantum opt1cs new collect1ve states “of the

‘e1ectromagnet1c f1e1d ‘have ‘been pred1cted and exper1menta11y

detected, which essentially. dlffer ‘from the trad1t10na1 (chao—

“t1c and'coherent)~states in> quantum fluctuation: and correla—
tion propertles [1-3]. In: part1cu1ar, states have been: “found

with, a,sub—P01sson distribution of. the number of field quanta
and a "sub—P01sson laser" has been constructed [41. ,

Recall ‘that . the coherent light possesses the Poisson dis-
tr1but10n for the number of photons whereas the chaotic llght‘
has ‘the Gauss1an d1str1butlon [5,6]17%1It is> conventlonal to
call“'the sub—P01sson d1str1but10ns ithose - d1str1but10ns-wh1chi
are' ‘more narrow than that ~for ithe-:coherent’ ‘light: For‘
example, for the: Fock" ‘state of ‘the’ e1ectromagnet1c field:the
distribution.of: the number of quanta | 1s a E—functlon

Such "new"wstates .of. ;the, electromagnetlc f1e1d are non—‘
equilibrium, and their generatlon is due to non11near 1nte—

raction- of llght with matter in the processes of generatlon
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or scatter1ng
- It is undoubtedly 1nterest1ng to study the problem of

ex1stence off thermodynamlcally equ111br1um states of Bose';'"

f1e1ds w1th nonstandard stat1st1ca1 propertles. The maln
reason 1s that the mechan1sm of 1nteract10n of bosons of a’
dlfferent phys1ca1 nature 1n condensed matter possesses thei‘

same non11near1ty ‘as the processes used for generatlon off

sub—P01sson states in opt1csﬁu

- As; has recently been : shown,‘for the. s1mp1est model of a

degenerate parametr1c process in, the state of thermodynam1C"‘
~equ111br1um below a-. certaln,»temperature, there~ may.. occur

squee21ng ~of quantum :fluctuations of ; the. Bose—f1e1d amp11tu—‘
des-[71;" ‘and . the:distribution: of the. number..: .of . quantafls sub-

Poisson.i’ it Coantd e lw 8 ~¢ffw; S SRR B PO L33

SInc this paper. ‘we ‘will: cons1der Some; s1mp1ermode1s;used,in;g
the": s011d- state phys1cs to: demonstrate .possible changes:in
the:statistical properties of: -the: Bose f1e1d with: lowering
temperature and to: establish the. cond1t10n under ~which :the

b—P01sson d1str1but10n develops.x;ﬂ{;f
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2. Polariton-like'systems;yi -

The theory of polar1ton con51ders \model problems w1th

: Ham11ton1ans that are b111near forms of Bose operators of two,«

types, photons and phonons [9]

This form:is rather general and can: be used for the descr1p—-k

'_tlon of a wide -class .of. ;pPhenomena . 1n ;solidq, ;States, ,1nc1ud1ng
the ,'ex1ton—phonon 1nteractlon Gin molecular crystals
scatterlng of llght on : phonons, and . some problems of ~the.

theory of magnetlsm. O T ot

LN

" By the known linear?transformation'(Seeffe;g. [81) o
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-a Hamlltonlan of that type is reduced to:the: d1agona1 form‘?"'
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and than various thermodynamlc characterlstlcs of a system.of:
'free quas1part1cles described - -by “operators : a+r-a with /the
'spectrum E ‘are’ calculated. These: quas1part1cle;‘are rofa:
.compllcated structure' polarltons, for. 1nstance,.cons1st:of“an
‘optlcal ‘phonon’ 1nteract1ng with’‘photons: “[91+-7Ini:this: ~case;:.
exXperimental- ‘methods ‘allowithe - -study:of “one: of - the‘components
of the quas1part1cle, for instance, with the use of the:Raman
Scatter1ng [10] that allows ius to ‘determine the:spectral:cha-
racterlstlcs of phonons’ In’what follows, we will: be:interes-

ted ‘in“the quantum stat1st1cal properties of: 'phonon - sub-

SYstem. spec1f1cally, in‘the“character.: ‘of d1str1butlon ~of “the
number - of ‘phonons in polaritons:in - an- equ111br1umrstate .Wwith

a temperature T.
s ‘ :

In th1s case we should first calculate var1—_

ance of -the number of'quanta in different_modes:_

= aja, )% - qaja>?,

' where averaglng runs over the equ111br1um state of system (1)'

with a certain temperature T:

Geod = Tr <py,  p = Mo (mfm ¢ml,

: ata s . IR L Sy i
p (m) = -0 » o Kaay = [exp(En/ka)—l] .

1+m
[1 +'(a:an)]

) The condltlon for the sub—P01sson dlstrlbutlon of the num—’
‘ber of quanta in the k-th mode looks as follows:’

Yk< (a:ak) L ‘ B E - (2)

This 1nequa11ty connects the temperature of the system w1th

.-microscopic character1st1cs .entering’ 1nto ‘the Ham11ton1an (1)‘

(1nteractlon pParameters- and: characterlst1c frequenc1es A -

e B E = E (A ‘B)). From a; physical”point of view, it is natu—
ral to expect that at suff1c1ent1y h1gh temperatures the d1s—v

v

tr1but10n of kthe number, of quanta\ should be- :chaotlc

(Gauss1an), consequently, for the cond1tlon (2) ‘to be valid

at a fixed A and B in (1) the temperature should be lower1ng

" -In this case the equality°

o
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may be treated as an equation for determ1n1ng the threshold
temperature ”f": U R e Vo

th_ Tth(A,b).

T
below wh1ch there occur true quantum fluctuatlons not dlstor-

ted by thermal noice. 3 SLLET




3. A two-mode system. | o By 1[‘_11{ . _te] B 1[_1+_k2;_’ e]i =,1[_1+_kz_,'_1]‘
For simplicity, we w111 con31der one mode of the photon - .

field interacting with a quasiresonance mode of  optical . I e - N SN

‘phonons. The Hamiltonian of this- system is of the form =% - f‘ and the following notation we have here/introduced:—'\

, s=—28 _ where =k T. % w9yl

-’ H = waa+a + wbb+b + n(a+b++ ba)., (4) -  : " © = 2, a Tt e 20.
y -7 o~ f W+ W : ‘ ma+ wb

' To diadonalize the Hamiltonian (4), we will apply the ca~ - . B C - __Av‘,  ‘ ) D R
nonical transformation: ‘ J ' \

2_ c2_ o : L : w3

+ ) ¢ K oo o s ' .
ux + v, u ‘ v=1, N | | (5) f' .‘: | . :§§+§> f [na+n3+1]fna;,, <bfp>;= vz[na+n8+1]+n3;”gg.‘hgfgg
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ua*+ v, pP- = q,

. ‘ Y o S —«be.V;(Y7+1)[2nanB+na+an1].
where the operators « u g obey the commutation relations:

le, «*1 =18, g'} =1, [a, B\”] =0, | o wheren,s {?XP‘Ea/"T"l] . ng = [exp(Ey/kr)-1]

and the tran»format1on parameters ‘are ‘given by: T el Lo Here averaglng runs over ‘the e1genva1ues of Hamlltonlan (8) R
B ' SR Lo B EEREAR A ; The dlstrlbutlon for the mode ‘a ‘will be sub—P01sson pro-
v1ded that the 1nequa11ty (2) holds in the follow1ng form.
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where k = wa ) . o R ey i | Solutions of the! blquadratlc inequality (11), are in the regi-
T a b ' on limited by the roots v R

and h < 1 due to the stablllty condition for Hamiltoniah‘(l) . E

[11] ‘ -

As .a result we arrive at the d1agonallzed Hamlltonlan SR Ry »ij;,guatf RS 52 - 3 mf
. . v " . "_ “hu +‘ : .
nanB‘Vda

: . 2 2 : A v "3nv .
: where v, = , - d = n nZ +n [Zn n +n +n +1
- . 4 + . + . a B B B
/?d Eaa o+ EBB B+ E i »(8) ZnapB+na+nB+1 ;
Wi S T R ,_'».',‘ R St il T T DR il . o R
lth/dlmenSIOHIess eigenvalues R S . : Since’ v*> o, and’"vfa< 0, in “any" ‘case, ‘then- the tactual
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constraint on v2 will be of the form: i

0 < vi< v 2, S (12) .
+a - ) ) .

< P
For the mode b to have the sub—P01sson distribution the
s1m11ar 1nequa11ty

0 <vi<v? (13)
2 ) —nan M db 2- 2 157+- 1
where Vo= +n N , db= nanB+nB[2nanB+na nB
T g [

.should hold;valld{ ; : “ , S
The threshold temperature ™" for the mode a as a function of
‘parameters w , w, and k can be determined from the equation
a K P Lo . I i ER

Sl

Bh+1)+n;h§ (14)

theth _th. th _l27 th, ot
v (v +1)(2n B +na +nB +1) = v:(na +n

“whereas for mode b, from the equation

25 S th_th s hy thi )" th e
;!?(Yéfl)(Zna ng +na +nB +1) _;v (n B/+1)fn3 6(15)
. : A i o i kghn:,
‘where n;h " n;h are given by expression (10) at T = T.".

- Numerical solutions to° equatlon (14) are drown 1n Flg 1
,for various values of the d1men31onless parameter w.

"’4. Discussion of results.-

The simplest polariton model we have con31dered shows the
pos31b111ty of appear1ng the ‘sub-Poisson d1str1but10n for the

number of phonons at temperatures below a certain threshold»

temperature TP that 1s -function of Hamiltonian parameters.
Slnce the cond1t10n :

= <a+a'> )

e»implieskthe Poisson distribution,realized‘for_the coherent

6

‘(/ oo

;(state of the Bose- fleld [5] which is closest to the cla331cal

state as it Possesses, minimal’ symmetrlc quantum fluctuatlons,
then T*h can be con31dered as- the threshold temperature of'
_trans1tlon from a state w1th ;the  true - quantum, behav1or»

. (T<T'P ') into the - region of c1a551ca1 behav1or (T>T ); There
) 1s no phase tran51tlon at the p01nt Tth in the conventlonaI‘

'symmetry breaklng of .the collectlve state of»the‘systemﬂ(see,
_for 1nstance [12]) TR ‘ ;’; ; : )

The questlon now arises of how to" observe experlmentally'
~the~ above descr1bed : noncla331cal"“ behav1or of phonons in,

¢ 'thermal equ111br1um.‘ It seems that for thls purpose the
=methods of 'Raman scatterlng can be used However.ﬁ51nce the”

’informat1on on statlstlcal properties of phonons 1s conta1ned
in the- correlatlon function- -of ‘the second: ‘order. v, the measu—,
rement of spectral” characterlstlcs of scattered llght 1s ‘not

suff1c1ent It is nece sary ‘to perform: measurement of the s

120- -

Normallzed varlables s and W are glven v1a Orlglnal parameter

s of system by (9), and k by (7)
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correiation*functions bf‘scattered light'and’to reconstruct -
the correlatlon function-of ‘pPhonons - from’ their’ relatlonshlp
This = relatlonshlp will * be thoroughly :considered: in.ia
SUbsequent paper. i 2 ‘ R Y S
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