
in the region v< I t..ll <v(qd)1I2. The formula for the res­
onant, nonoscillating term <1>;1) coincides with the ex­
pression (5.4). 

Under conditions when the coupling takes place in a 
region that is further from the ACR, 1> I t..ll > V(qd)1/2, 
the curves ry(H) and Dy(H) have the same character as 
in the case (3.28) of an arbitrary dispersion law for the 
electrons. The extremal values of Dy and ry are equal: 
r y ext - Dy ext - <l>Ot..~/II. 

1 'In this case, as is well known, [91 the resonance should not be 
very "sharp," inorder that the condition qR(px) '" qR max(lJ/Q)1/2 
»1 be satisfied. 
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Transition of second order in the field in a two­
dimensional Heisenberg ferromagnet 

A. A. Abrikosov, Jr. 

L. D. Landau Institute of Nuclear Physics, USSR Academy of Sciences 
(Submitted May 13, 1976) 
Zh. Eksp. Teor. Fiz. 71, 2402-2405 (December 1976) 

It is shown that a second-order phase transition occurs near the point he = A (A is the anisotropy 
constant) in a two-dimensional Heisenberg ferromagnet with anisotropy of the easy plane type. The 
magnetic susceptibility is infinite below the transition point in a weak field parallel to the plane. The field 
dependences of the magnetic moment nz(hz) are determined above and below the transition point. 

PACS numbers: 75.30.Gw, 75.30.Jy, 75.10.Gj 

We consider a planar ferromagnetic Heisenberg mag­
net with easy-axis anisotropy. We shall show that in 
such a system, at suffiCiently low temperatures, a sec­
ond-order phase transition takes place at a definite value 
of the magnetic field perpendicular to the plane. 

We consider first the case T= O. The Hamiltonian is 
given by 

( 'An,' ) d2x 
H= J -2-- h,n, 7' (1) 

Here X > 0 is the anisotropy constant, h. is the magnetic 
field perpendicular to the plane of the magnetic (the XY 
plane), and a is the lattice constant. It is easily seen 
that the minimum energy corresponds to the value 
(Fig. 1) 

n,= {h.l'A, h,"';;;").., 
1, h,>")... 

The phase transition manifests itself in a change of the 
magnetic susceptibility XXy relative to an infinitesimally 
weak field hx or h y parallel to the planeo The suscepti­
bility is infinite below the phase-transition point (h.< X), 
since the spontaneous moment has a component parallel 
to the plane. The susceptibility XXY = l/(h.- X) above 
the transition point is finite. 
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We show now that at sufficiently low T* 0 the transi­
tion takes place as before. The Hamiltonian now con­
tains exchange terms 

J { 1 , ").. h,n,] 
II= -J(o"n)-+-. n,'--,- d'x, 

2 2a- a-
(2) 

where J> 0 is the exchange constant. Consider the case 
h.«X. We shall show that Xxy= 00. We change over to 
the va:riables rp and ll'; then 

n= « 1_g2<p') 'I, cos ga, (1-g'rp') 'I. sin ga, g<p). 

Here g2 = T / J« 1. The Hamiltonian takes the form 

H J[ 1 (V<p)2+ 1 ( " ")(n )'+ 1 "2 (h<p)]d2 -= --- - 1-g'<p- va -IW<p - - x, 
T 2 1-· g'<p' 2 2 g 

where m 2 =X/J, h=h.lJ, and the lattice constant is set 
equal to uni ty . 

ezl T~O 

TJ 0 

I FIG. 1. 

I 
h"'" ), 
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Khokhlachev[lJ has shown that in the absence of a mag­
netic field, at distances larger than 11m, the fluctua­
tions of the z-component of the spin are not correlated, 
(cp) = 0, and the magnet behaves like a planar one with 
renormalized temperature 

T ]-1 
Tn=T[1---1n(1lm) . 

2rr! 

In the presence of a magnetic field, we shift the origin 
of cp, viz., cp- n.lg+ cp. In the first-order approxima­
tion in T we have nz = hlm2• We expand the Hamiltonian 
in powers of g. We have 

llIT=I/,J [(V<p)'!(l-n,') + (1-n,') (Va) '+m'rp' 
+g'rp' (V rp) '/ (1-n/) '-g'<p' (Va)' 

+2gn,q; « V <p)'/ (l-n/)'- (Va) ') 1 d'x. (3) 

We leave out for the time being the terms linear in g, 
allowance for which is equivalent to introducing correc­
tions in n.. The Hamiltonian then takes the same form 
as in Khokhlachev's paper, albeit with different coeffi­
cients. The appearance of the magnetic field has led, 
first, to the appearance of an average magnetic moment 
n. parallel to the z axis, and second to a change of the 
correlation radius of the component cp: 

r/=;r, (l-n,')-'/'. 

The cp correlator now takes the form 

G _ 1-n,' 
",- q'+m' (1-n,') 

In addition, the effective temperature for the XY com­
ponents of the spin is increased on account of the factor 
(1- n~) in front of ('\7a)2. 

At scales larger than r~, the fluctuations of the z com­
ponent become immaterial. The behavior of the XY 
components is described by a planar model with a tem­
perature 

'( T 1) TR(h)=T/(i-n,) l--In- . 
2nJ m 

The magnetic susceptibility is Xxy = <Xl. The discarded 
terms that are linear in g 

[ , (V<p)'] 
-2n,grp (Va) - (i-n,')' 

introduce a temperature-dependent correction in the 
temperature. We obtain this correction with the aid of 
the Gell-Mann-Low equations. We carry out the aver­
aging in a region of dimension e(: 

/(Va)2-~) - S q'd'q 
~ ',2 <, - 2 2 2 , (l-n,)o '-'<q<1 ,'_'<q<> (2n) (i-n,)q 

f 
e--~<q<l 

q'd'q m' 
(2rr)'-(1---n~')'[ (q'/(l-n,'»+m'l = -2rr- s, 

FIG. 2. 
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FIG. 3. 

The letter q stands for the wave vector of the fluctua­
tions. The increase of n. due to this field yields 

2n,g(m'/2rr) £ , 
,\(n'/ g) = . , = (gn/2rr)£. 

2m 

From this we get the Gell-Mann-Low equation for n.: 

din n,/ds=g'/2n, 

Integration of this equation over the interval 1 < ~ < In(ll 
m) yields 

n,=h/m' (l-~ln~). 
. 2J!J m 

Discarding the terms linear in g did not alter the quali­
tative aspect of the phenomena. 

The foregOing analysis is valid at T R (h)« TeO = 2M I 
In(l/m)-the critical temperature obtained by Khokh­
lachev. [lJ 

Let now hz>A. We use the variables CPI and CP2 

In terms of these variables, that part of the Hamiltonian 
which does not depend on the gradients (1) takes the 
form 

A h,-A (' ') + ( , ') 2-h'+-2- rpl +rp, a rpl,<P' . (4) 

The combination h.- A plays the same role as the mag­
netic field for a magnetic without anisotropy; this fol­
lows from a comparison of (4) with formula (5) of[2). 

Using Khokhlachev's results (2) we obtain for the mag­
netization 

T J 
n,=1--1n--

2~,J h,-A 

and for the susceptibility 

Xx> =_i_. (i __ ~ln_J_) <00, 
h,--A '!.nl h,-A 

Our method permits no analysiS in the immediate vi­
cinity of the point h. = A, but a comparison of the values 
of Xxy on both sides of this point (Fig, 2) indicates that 
the transition is preserved also in a certain region T 
'* O. The bound for this region is given by the tempera­
ture obtained by Khokhlachev 

T,,=2nJ/ln (11m). 

The variation of the phase-transition temperature can 
be qualitatively imagined to follow the results of Bere­
zinskii (3) for the XY components of the spin as functions 
of the magnetic field h. (Fig. 3). 
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We turn on the dipole- dipole interaction in lieu of the 
anisotropy. At short distances this leads to the appear­
ance of a mass m 2 =271J.2/a 3J (IJ. is the dipole moment) 
for the z component, and all the foregoing arguments 
remain valid. At large distances it is necessary to take 
into account the specific form of the interaction. 

where R-I=1r1J.2/a2J.[41 

In conclusion, I wish to thank V. L. Pokrovskii for 
directing the work, as well as S. Eo Khokhlachev and 
M. V. Feigel'man for a discussion of the results. 
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In fields h < m 2 it is necessary to introduce into the 
correlators for the XY components of the spin terms that 
correspond to the dipole-dipole interaction. [41 In fields 
h> m2 , a difference arises between the longitudinal and 
the transverse correlators of CPI and CP2' i. e., the cor­
relators of the fluctuations parallel and perpendicular 
to the vector q 
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ERRATA 

Erratum: On the theory of collision-induced lines forbidden 
in Raman scattering 
[SOy. Phys. JETP 42, 982-985 (1975)] 

B. D. Falnberg 

Zh. Eksp. Tear. Fiz. 71, 2432 (December 1976) 

PACS numbers: 01.85.+s, 32.20.Dr 

A number of subscripts have been left out of Eq. (8). The denominator of the first term of (8a) should be wnj - wz, 
the denominator of the second term should be wnj + WI, and in (8b) the denominators of the first and second terms 
should be wnj - WI and wnj +wz, respectively. 

Erratum: Collision less emission of radiation bX an inhomogeneous 
plasma [SOy. Phys. JETP 44, 546-553 (1976)J 

B. E. MeTerovich 

PACS numbers: 52.25.Ps, 99.1O.+y 

On p. 547, left-hand column, line 23 from top, read" collective interaction" in lieu of "collision interaction." 
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