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Recently, one of the most powerful tools in the description of 

nuclear collective motion in the space of many-nucleon (or many-qua-~ 

siparticle) states is the boson mapping. Various kinds of this tech- 

nique such as the Dyson ( D R ) ,  Holstein - Primakoff (HPR) and Schwin- 
ger (SR) boson realizations are quite popular in relating two famous 
nuclear models: the microscopic shell model and the phenomenological 

Interacting Boson lsodel (IBM)"'. These boson realizations are also 

an important cornerstone for many nuclear algebraic models based on 

dynamical symmetry. On the other hand, in recent studies of the com- 

pound nuclei formed in heavy ion reactions"' the decay of highly ex- 

cited states above the yrast line has been interpreted on the basis 

of mean field theories as collective excitations with given tempera- 
ture. Applying the boson expansion method to the finite temperature 

case, Provid6ncia and Fiolhais have recently obtained within the scope 

of the two level Lipkin model the thermal HPR for the SU(2) operators 

J, and Jz 13/ .  Due to the oversimplified character of their 
schematic model this boson realization is not universal while micro- 

scopic theories based on the boson expansion at finite temperature 

should require a general thermal boson realization for bifermion ope- 

rators. 

The purpose of the present letter is therefore to construct the 

boson realizations for bifermion (two-quasiparticle) operators at 

finite temperature in the general case. A transparent way to realize 
this aim is to explolte the formalism of Thermo Field Dynamics (TFDF 
which provides an elegant method of calculating i . ~  many-body theori- 

es at finite temperature. By constructir~g the thermal microscopic 

operators of the Finite Temperature Har.dom Phase Approximation (FT- 
RPA) ar?d formulating the conditio~s ~tr.der which these IrP-RPA operators 
have an appropriate unitary symmetry, v,e shall obtain for them the 

DR. HPR and SR at finite temperature. It will be shown also that the 
form of the thermal bosor. realization given by Providgncia and Fiol- 

hais csn ke directly derived as a special case of our thermal HPR. 
+ We s-art with tt.e q:iasiparticle creation ~djm and annihilation 

djm operators r;a:isf;ir-s the usual comnutation relations for fer- 
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appears in Bqs. (231, (24). It reaches the value 1 in the limit 
T -c 0 and 0 when T e oo . 

Under the conditions (211, (22) the DR, HPR and SR for the qua- 
drupole therml operator (16) ( J = 2; i = 1) can be now readily 
obtained by the usual procedure/lO/ 

where for eimplicity, we write . only the z-  projection M in the 
laboratory eyetern. In Eqs. (26)-(28) b+M , bM are the ideal quad- 
rupole boson operators eatisfying the colarmtation relations for bo- 
Bone 

Lb,, b:,] = d MM/ (J=.z i =  4 )  

in the maximal boson number at finite temperature which ie 
expreeeed mlcroecopically in tern of the PT-,WA amplitudes , as 

the nearest interger of c-i : 

We note that the extension to the came of an arbitrary J can aleo be 
done W e d  on'13'. Ueing the HP the& boeon rull~ation (27) re 

now consider an oversimplified case with degenerate two-quasipartic- 
le levels: 

In this case it is easy to find that 

where P = i - llA -nB 

1 '  The inverse realization is now derived directly from Eq. (27) as 

+ HPR 
tQM] = b+M(j-g]A12 

A 112 [QMIHpR= ( I - - - )  bM 

. . 

where is the zero temperature boson number /lo/ 

It is not difficult to recognize from Eqs.(32) in the indepen- 

dent particle model the same form of the thermal HPR obtained by 
/3/ ~rovidsneia and Fiolhais . 

In conclusion, we would like to remark that as any boson map- 

ping our thermal boson realizations do not avoid the problem of 
Hspurio~s" states attributed to the orthogonality of the boson basis 
states. Recently, it has been shown by sheikhi6/ that while carrying 
out the calculations of the matrix elements with a physical Hamilto- 
nian in the ideal boson basis state one can already separate the 
physical and unphysical components and need not worry about the "spu- 
rious" states. In this sense it should be very interesting to study 
the boson structure of a microscopic nucleon Hamiltonian at finite 

I"r temperature using the above obtained thermal boson realizations. 

i '  Since at T = 0 the conditions (21) and (22) calculated with RPA am- 

plitudes '# , (f are not satisfied,it is also highly desirable to in- 
vestigate quantiatively the fulfillment of these conditions at finite 
temperature based on the FT-RPA amplitudes and (P .The restoration 
of the symmetry and supersymmetry at finite temperature,studied re- 
cently in/14/,provides some hope that as compared to the,zero tempe- 

/1 o/ rature case , 
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