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There is a large number of approximate calculations for the
Heisenberg model of a ferromagnet, based on the two-time Green
functions /1/ in the literature (see,e.g. /2/ ), the validity of which
is usually difficult- to eya}'nine. Atthe same time a diagram method
for the spin operators /3/ permits, in principle, to evaluate vari-
ous contributions to the Green functions.

In the present paper an exact Dyson equation for the two-time
Green function will be obtained! and the correspondence between
some approximate decoupling for the self-energy part and the
calculations in the diagram method /3/ will be established. The
method of the irreducible Green functions, proposed for the pho-
non Green functicyxs i}\ our recent papers /4 , which is close to
the methods in 367 will be used.

Consider a ferromagnet which can be described by the Heisen-

1
berg Hamiltonian H=--2- J.SS.,
i !
down the equation of motion for the two-time commutator type
Green function G, (t~t")=<<§(¢); S7(t’)>> in the form:

Jy =1(r;=r;) and write

z + =z + =z -
0 G, (w)=2<5 >3, +; Iy <<8S; =5,85, 15, >, )
!

where the usual notationis used 1/, Now we define the irreducible
part (ir) of the Green function in (1) by the identity:

<B 18y 5> =88, =518 )-ca,, 874,871 >

ij

)

where the coefficients 4, are defined by the condition:

(in) -~
<[B'.,. , S, 1>=0. 3)



Performing the commutation in (3) with the help of (2) and equat-
ing the terms at the equal & -functions 5 " and &, we get
(i #j)

Ay =Ay S(2<S55; 54 <S;. S >)/2<8 > . 4)

The irreducible Green function <<B§.:.’)(t); S,y (t’) > in (2) is
obtained by differentiating it with respect to the second time
tr /4 and by introducing the irreducible part for the
right-hand side operators at time ¢’ by analogy with (2), (3).
Then defining the ’’zero order’’ Green functionin the Hartree-Fock
approximation by the equation /7/

06, (w)=2<S7>8, + % Iy Au160 (@)=6% (w)h (5

(1) can be written in the matrix form as G=G°+G°PC® P=P;p ().
From the Dyson equation in the form ¢=6° + G°N G we get
the equation P=0+N1G°P from which it follows that the
self-energy operator Il (w)is defined by the proper part of the
operator Py (o) :

() z =2 (ir) + (i) (2)
1 (“’)=Pu (w) = <25 > 22 J,,], ]h«B” | B e > w ©®

1

where the proper (p) part of the irreducible Green function has
no parts connected by one (° -line.

The solution of the Dyson equation by the Fourier transforma-
tion can be written in the form

>

-1 ig(r, ~ 1
Gik (w) =N Zq e

r,) z . z -
b <s >lo-E_ -2<S§ >[Iq(w)l NG

The energy of spin excitations in the Hartree-Fock approximation
- (5) is given by

i — z
q i A (1 =TI - <8 (0, =T g )

E -N"'s7j. 4
i
(8)

-1 - z

NS (1 =T s s K TR 2K T /245 s
P q 9 =9 q q

where Jq,K:+ :,K,," are the Fourier components of the ex-

4

e

-which gives the result of

change energy /. and the correlation functions K;—,+=<Si—5; >,
Ki=<(S f_<S = >}'( §; ~<57>)>, respectively. Eq. (8) was obtain-
ed in the first order/tyeory by decoupling (see e.g. /2.7/ ) and
by diagram method /%, where the first term defines the energy
of spin waves in RPA (Tyablikov decoupling/ 1/ ), the second ‘and
T+
the third ones describe an elastic scattering by spin waves -k iy
and by the fluctuationsofthe :-spincomponents (~K;* ) . The
second and higher order corrections are described by the frequency
dependent part of the self-energy in(7) which can be written in the
form:

’

w > o
z oo ’ — ™ —irn ’ —iq(ri—r)
2<S M ()= [ 22 0 _p)T & RN 5, .
—_— W= —~ 27 N i
(9
x ]ﬁ]h l<B“+(i')(t)Bi;"') S ) 2cs 35y,

It gives rise to thedamping of the spin waves which can be evalua-
ted by the decoupling of the irreducible two-time correlation
function in (9). For example, an inelastic scattering of the spin
waves by the fluctuations of the z-spin componentsisgiven from
the diagram consideration by the two-time decoupling

<{Sez(t)5h-(t)}(m {Siz S],+ }“’) > = Ke’:z(t)[(::(t)

/3/,

2
(] . -b>.,)

z 1)) 1
2<5% 0 o) = T2k,

K (9a)

if we use approximations: K;.z(t)z K;z (t=0) and -Imlw-E, ~
-2<S" > (w+ ie) 7! =7 8(w-eq) for the calculation K- +(t)
by the Green function (7). Higher order corrections can be obtain-
ed by introducing some representations for S  operators in
(9), which will be discussed elsewhere.
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