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Abstract A set ofdiffero—integral equations for many—body connected temperature Green’s 

functions is estabhshed wtfich is non—perturbative in nature and provides a reasonable trunea— 

tion scheme wittL respect to the order of many—body correlations．The method Call bc applied 

to nuclear systems at finite temperature． 
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Thc temperature Green’s function theory 

which was originated by M atsubara in 1955．【 J 

has played an import ant role in the description 

of equilibrium quantum many—body systems at 

finite temperature．【引However．the conventional 

temperature Gteen’s function formalism is．in 

fact．based on a diagrammatic perturbation the— 

ory expanded in terms of interaction strength． 

For systems with strong interactions or repul— 

sive hard cores(for example，nuclear system)， 
the native perturbation theory does not work 

and non．perturbative methods are needed．Thc 

most obvious solution is to modify the conven— 

tional perturbation theory and combine the se— 

ries expansion with a certain summation rule． 

In order to derive a set of non—perturbative 

integro—difierential equations based on some in— 

finite summation rules，one has to resort to 

the intuition of Feynman diagram ． Appar— 

ently、 these non—perturbative approaches de— 

pend strongly on Feynman diagrams and their 

selection rules，and hence the completeness，the 

unification，and the systematics are lacking for 

such approaches． 

Besides the diagrammatically perturba- 

rive method，there is another way to evaluate 

Green’s functions，i．c．，the equation—of-motion 

approach introduced by M artin and Schwinger． 

In 1959，M artin and Schwingcr constructed a hi- 

erarchy of equations—-of-motion for many—-body 

Gteen’s functions．14J This hierarchy allows a 

non．．perturbative treatment for the many．．body 

problems．if a truncation scheme is provided 

properly．Unfortunately，the M artin—Schwingcr 

hierarchy Sllfiers from the weakness that it 

does not provide such truncation schemes by 

itself．L5,6J 

In Refs．『7～17l，a novcl method called llU 
clear many．．body correlation dynamics or quan．． 

turn correlation dynamics，has been developed． 

Thc method is expanded in terms of many—body 

correlations and thus provides an unified and 

systematic approach to treat a many—-body sys·- 

tcm in a non—perturbative manner． After be． 

ing invented．the method has been successfully 

applied to explain some important nuclear ex— 

perimental data fron]heavy ion collisions：en— 

ergetic，y production and 7r production，dilep— 

ton cross．section；t18J two—tem perature spectra 

of 7r production and preferential emission of 

7r：【10，2o]the temperature independent of decay 

widths of giant resonances in hot nucleit2 1J： 

the small amplitude nucleag motion and nu． 

clear m ss dispersion．【22J Thc cluster expan． 

sion and truncation technique of Grccn func． 

tions developed in rccfs．『11～17]has been ap． 
p『icd to study the two—body correlations in pio— 
nic systems[23]and the symmetry breaking in 
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j+】．theory． Very recently，two—body cor— 
relation dynamics has also been used to con- 

struct the two—body correlation transport model 

for heavy ion collisions．【 0J So far，the nuclear 

many—body correlation dynamics has becom e 

a powerfu1 lion-per furbation approach in nu- 

clear physics．In this paper，along the line of 

nuclear correlation dynamics we will present a 

temperature．dependent correlation method in 

the franlework of temperature Green’S function 

theory． 

The equilibrium many—body system at 

K = H 一 “Ⅳ 

nite temperature is conveniently described by 

means of the grand—canonical ensemble of staffs- 

tical mechanics．The statistical operator reads 

ZG 

pG=z8 exp(一 ) 

exp(一 Q)=Tr cxp(-flK) (1) 

where operator K may be regarded as the 

grand—canonical Hamiltonian．【3] which is de— 

fined as 

l／ t(x) (x)一 ] (x)dx+ 1。／rl／ t(x) t(x ) (x，x )) (x ) (x)dxdx (2) 

whcre t(x)=一丢 ． (x)and Ct(x)de- 
note fcrmion fieht operator and its conjugate 
in Schr5dinger representation．The parameters 

tz and are chemical potential and inverse tcm- 

perature，respectively． Introducing a modified 

Hciscnberg representation as follows 

^  ^  ^  ^  

O(x，f)=exp(Kr)O(x)exp(一 T) 

where O(x) is an arbitrary operator in 
Schr5dingcr representation and 7_is rea1． The 

7_-evolution of (x，7_)obeys 

s(1) (1)=f d2．(1，2) t(2) (2) (1) ( ) 
where the~llowing notations have been used 

s(1) 杀一 )+ ， = =( )(5) 
u( ， )="O(2gi， j)6(ri，rj) (6) 

The 礼一body temperature Green’S function is 

c0nventioIlaUy defined as 

(n (1⋯n；1，，．．．n，)：(一1)n< (1)⋯ (n) t(n )．．．6t(1 )> 

where is 7_．ordering operator and<⋯ >denotes ensemble average，in，<⋯ >= (⋯ ，；G) 
The Green’S function with equal T—argument ffor instance T／ Ti‘)is denfined as 

[9‘“ lim [9(”)] 

The correlation part of礼．body temperature Green’S function can be separated out through 

the following cluster expansion 

(n (1⋯n；1 ⋯n )=As( )∑ (1⋯七；1 ⋯七 ‘“一 (( +1)⋯n；( +1) ⋯n ) 
七= 1 

where A denotes symmetrization of particle pairs(Xi，Xt )and(xj，XtJ)，and S denotes anti- 
symmetrization of variables z：and J．In combination of the operators A and S，the repeated 
terms should be omitted as shown in Refs．[6～17]．It is evident that the cluster expansion(8) 
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to be just the connected Green function n the language of Feynmann diagram It Droved ’s i · 

is readily shown that ⋯satisfies anti．periodic(for fermion system)boundary condition in the 

7．．region【0， ，i．e．， 

【 ” (1⋯礼；1 ⋯礼 )】， ：。：一【g ” (1⋯礼；1 ⋯礼 )】， ：p (9) 

which is imDortant because it can be incorporated directly to the equations of motion for g：叫 
bv restricting their solutions to functions which automatically satisfy the boundary conditions． 

Fmthermore，since the condition(9)is anti-periodic，the technique of Fourier seties call be used。 

Starting from Eq．(4)，and after some complex and lengthy calculation one gets 

(1) )： (1，1 )+[TR( +1)u(1，礼+I)AS( +1)∑ ∑ ∑ 6k+f+m1n十1】L 
≥J≥m=O 

(10) 

where[．．．】L denotes linked terms as in Refs．【7—1 0]，and TR(tI+1)is defined as 

T冗( +-)[···】：／d(礼+1)[⋯】x， +。 ：x +。 ，， ̈ ：， ̈ 

Eq．f101 constitutes a set of equations—of-motion 
for many—body correlation temperature Green’S 

functions．This equation set iS essentially non- 

perturbative．The main advantage of the above 

hierarchy resides in that it provides a natu- 

ral an d physical transparent truncation scheme 

with respect to the order of many—body cot- 

relations．and that each truncation leads to 

a non—perturbative temperature—dependent ap- 

proximation within a temperature Green’S fuhE- 

tion form alism． 

(11) 

The lowest order truncation iS simply 

to neglect all many—body correlation，i．e．，as— 

suming g5“J=0 fbr礼 ≥2，which leads to 
temperature—dependent HF approximation． A 

better approximation is to neglect more than 

three．body correlations namely 

gltI)=0， (礼 3) (12) 

This truncation leads to the two-body temper— 

ature dependent correlation theory which con— 

sists of two coupled equations，one for 9(i；I’) 

s(1)9(1；1 )=6(4)(1，1 )+／d2u(1，2) 5 )(1，2；1 ，2+)+g(1；1 )g(2；2十)一g(1；2+)g(2；13](13) 
and the other f0r ) 

3)【一g( )(1，3；1 ，2 )9(2；3) 

+(1一P13)g(3；3+)g5 (1，2；1，2 ) 

+(1一 3)(1一P1，2，)g(1；1’) (2，3；2 ，3f)] 

Eqs．(13)and(14a~c)are an extension of tem- 
perature dependent Bethe—Salpetcr equation， 

since they contain both ladder—diagram and 

ring—diagram series in a compact way．A trun一 

(14a) 

(14b) 

(14c) 

cation up to(14a,-~b)corresponds to the ladder 
diagram limit，which leads to the temperature 

dependent Bethe—Salpeter equation，while the 

remained terms are contributions from the ring 
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diagrams． 

The basic equation set of this theory pro- 

rides a natural and physical transparent trun— 

cation scheme with respect to the orders of cor— 

relations．Furthermore each truncation leads to 

a non—perturbative approxim ation．It is turned 

out that the non．．perturbative results of the con．． 

ventional temperature Green’s function theory 

are included in the present formalism as limiting 

cases．[2引 Therefore
．
the correlation approach of 

temperature Green’s function provides an uni- 

fled and systematic method to study quantum 

m any—body systems in equilibrium at finite tern- 

perature in a non—perturbative way． 
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