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KoMMmyTaropiibie 4 aHrukomMmyratopHeie ¢yuxuun [pusa s mopenu
Handra ¢ nomepedHbIM nonem

O6cyxnaercs NpuUMEHEHHe TeXHUKH CIleKTpalbHbIX NpeacTaBleHuft

B Meroae aByxspemeHnublx ¢yHkumnii puHa ans monmenu Hauxra ¢ nonepeqHblM
noiem B npuOnuxkenun XaoTH4yeckux $ad. BeivgciISHBI KOMMYTATOpHbIE@ M AHTH-
KoMMyTaTopHbie gyukuuu [puna. Koppensuuondsie dyHKUHH BLIYACAAOTCSH

C yueToM OCOBEHHOCTH CIeKTpa/ibloil WHTeHCHBHOCTH NpPH HY/1eBOH 4acToTe.
B nausom noaxoae He ynaercs NOMHOCTLIO ONpeneniTh KOppensudoHHble
dyHKUMH, OQHAKO yHaeTCHd NOMYy4YHTH ypaBHeHde ans Napamerpa nopsiaka Ha
OCHOBE KHHEeMATHYEeCKHX NpaBul cymM. B oTrnnune oT npeasiaywux pagor

3T0 ypaBHeHHMe NulleHO HeodHO3HayHocTeil., YucneHHblt pacuyer NoxadniBaer,
YTO KOppeKkTHOe IpHMeHeHHe CMNeKrpalbHbiX npeacrasieunit B [IX$ npusoaur

K Hedu3uueCKHM pea3yabTaram,

Pa6ora BninoaHena B JlaGoparopuu Teoperuqeckofi ¢uauku OHAH.
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Comrnutator and Anticommutator Green Functions
in the Ising Model with Transverse Field

The zero-frequency anomaly of spectral functions is analyzed
in the framework of RPA, and a unique equation for the order
parameter is derived using kinematic sum rules,

The investigation has heen performed at the Laboratory
of Theoretical Physics, JINR,
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The Ismg model with transverse field H=-I" ES
—I/EH%J S S is widely used in solid state
physics 1/, Frequently, the considerations are based
on the method of double-time Green functions ’?:3/
(GF), mainly working in RPA’4/ However, so far
there ar'e some troubles to obtain a unique equation
for <S8 ?Z . > by exploiting kinematic sum rules, as it
is usually done for spin systems, various sum rules
vield different equations for <Srzl>,ref. /45/ In the pre-
sent letter it is shown that this ambiguity can be
removed by a correct treatment of the zero-frequen-
cy anomaly of spectral functions 76— 8/ however, the
r'esultmg<S > exhibits unphysical beha\nour'. By
using the spectr-al representatlon /2, 3/' correlation
functions must be given as (a.B=x,y,2)

af3 a
<Sn“S€n> =f +C B+<S';><Sg>

nm

(1)

af3 (=)Ba (=)Ba ;
fnm f?‘:{G (w+ie)-G i (w—ls)}/(é"/k B
e»> 01

where G )“B(w) is the commutator. GF (CGF), The
phy51ca1n reason for the existence of G is the
presence of constants of motion for H, ref,’” we

note that this circumstance js well known /6-8/
although the existence of C often escaped notice,
Formally, C /n appears as the residue of a pole



at w= 0 in the anticommutator GF (AGF)/8/, Solvm/g/
the equation of motion for CGF and AGF in RPA 4
one obtains the following matrix for

(B3 o (ig(R,-R, )iy,

n-—-m
h <SZ%>A i<s®>/2  —h <8*>A
Z 8 z 4
" (2)
g~ | —i<s®>/2 c2g<SX>Ag/F i8 %>/
—h <SSA _ik§ *>/2 1“<s‘>Ag '
2z 4
where A, =cth(e, /2kT)/2e y hp =2 J) <S == B

and ¢, %hz+I‘2 '<S%*>J )‘/2g is the energy o spin
waves. The AGF yiel

a Xz XX Zz Xz
cgy-o, B,C; =h,C; ., B.CY=h, C~ . 3)

where BgaF = e >Ig sz g In the calculations

we have used the relahon F<S >=h,<8 *>, which one
can obtain from the condition I-E<Sa(t)SB t)>=20

handled also in RPA, As can be seen the rela-
tions between Caﬁ ‘s in eq. (3) also follow from
the equilibrium conditions. To close the procedure,
kinematic sum rules - <@87 ¥ >=1/4 and <8 88
=i<S¥>/2 =0 < will be applled as usual, Takmg
yet into account 1_;’_<s Y(t)>=0 and 2<Sy(t)1d SV (tp>=

=< o EJ <S “52 w2 where the rlght—hand 51de

of this equatlon is determined by G¢ 3” (@), contr'ary
to previous calculatlons (cf. 745/ ), we obtain <(SX)%>«
=< (8 Y)2>=<(s )25 1/N25 A/l (T Ty) Consequently,

<$S%> s given by the unique self-consistent equa-
tion

1/2 =1/N >; (e, /Jo)cth(eg/2 KT). (4)

Fig. 1,<8%as a func-
tion of T according
to Eq. (4) (--) to
MFA ( ), to(5)
(--), and to (4) (...).

Numerical calculations were done for, the case,
where 1/N2F‘(J ) 1s approximated by [ dzp (W) FJqw)»
py (@)= -@/m -3 )12 At /3 0.25 the difference

<§ Z>RPA _ g%, MFA cannot be seen in our Fig, 1,

but with increasing I'/ J, the deviations become lar-
ger and are positive at all T. Because RPA includes
some kinds of fluctuations, <S%>®FA  ghould be smal-
ler than (or at least equal to) <§Z>MFA  put not op-
posite. Just such a behaviour is obtained within the
diagrammatic approach for RPA’5/ (dashed line in
Fig, 1) and is also 1nd1cated by high- and low-
temperature expansions (cf ) Hence, in our opi-
nion, the failure of our approach is not connected
with the RPA decoupling procedure, but with the

fact that we have applied sum rules for determina-
tion of the order parameter. Within a certain appro-
ximation they can be used as identities for the es-
timation of accuracy, The order parameter <S7% >
however, must be found from thermodynamical con-
ditions, i.e., from the minimum of the free energy.,
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