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Dynamics of Unbound Vortices in the 2- DlmenslonaI XY

and Anisotroplc Helsenberg Models

F.G. Mertens”, A.R. Bishop, M.E. Gouveu,

and G,)! U}-sln

Theore[lcal Division. Los Alamos National Labor~tory-,

Los A]am05, NM 87545, WA

Assuming an Ideal gas of vortices above the Kosterll Lz-Thouless

Iransilion Temperature, Ihe dj’nttmir form farrors are calculated

For rhp In-plane correlations a Lorenlzlan rentral peak 15

predlctcd uhlrh is Independent of [he vor~ex size and shapo

However, for the out-of-plane correlations the velorlty dependence

of Ih[’ vorle~ strucrure Is derisive for the occurrence of a

~~~us~l~n r~n[ral pPk> F)oth resulls ar~ in good a~r~~m~n! ullh

rnmhlnpd MOIIIP {’arl~-molp~u]ar d}.naml~s ~jm~llarlons



~. lntroduct]on

Quasi-two-dlmenslonnl magnetic materials with

eas}--plnne symmerr}-, e.g. Rb CrCl
2

~ or BaCo2(As04)2,

have been srudled recently both by lnelastlc neutron

scattering experiments [1,2,01 and by n

phenomenological theor}” for the dvnamic correlations. . —

[3], In Lhls rheor}” the anlsotroplc Helsenberg model

wir.h nearest-neighbor Interactions

(1.1)

Is considered, where ~ Is a classlcal spin vector

and~~:lcl;[ = u corresponds to Lhe ‘; Y-model.

AI a critical temperature Tc(l) Monte Carlo (MC)

daLa [5] show a liosterlltz-Thouless phase transition

Above Tc a part of Lhe vortex -an Llvortex pairs unbind

●nd th~ unbound vortices nre In motion due Lo their

Interact Ions. Assuming Lhfic the posltlons are random

Iocelly, [he \’eloc’11} dls Iributlon is Gauss Ian [41,

Ihereforr [he untmund uorlires cnn hP rrea[ed

;)henoml’rlol ogi(’all}” ns sn Ideal HAS. In Lho s~ml’

fiplrl I as rh~ solltor-gas ~pproR(’h for 1-d mnfin@Is

Th~ rorrelarlonn for th~ In-piano rompon~nls S, o?

b arr UUIIP dls~lnrl from lhos~ f(lr Iho 0111 -of -lllxl~~~

l“ompoIIPill” s NV Stloli h~rf’ ~h:il !hI~ vrl IwlIj
r

Ill, pvlllll, rll”ls {If I Ill’ i.l)rl~ix slrurlllrv Is IIiIrl Klvv fi}r

I Ilc’ 1)11[- (If plnlll~ I.lll”rvlalll}rl%, I 11 ~.:lrllrasl Ill rr f

[:1] 1Alli~rc’ llrll\ 1Ill’ SI’1 [11’ ~lrll(.lllri~ hns hl’1’11



considered,

9-, in-rrlanc correlnticns

We use a continuum demcrlption snd

coordinates for the spin conflguraclon

d;.1) = 5(cos 0 sln 49, sln 0 sin 6, cos 8)

where ; = (x, Y). The equations of morlon

6pherlcal

(2.1)

have twfr

Static vortex or antlvortex solutions [61 0(~ =. ..- .

: tan-l(y x). Molecular d~mrinmics (MD) simulations

hale shown [o]

solutlon e(;) =

on]} a solution

chat for i) s I ( 0,7 on]} a planar

~ ~ is 6Cable, whereas for “. > w,8

which has an out-of-plane strucrurr?

9(;) ● n 2 1s stable; on]:,- the former case is

considered here.

5X tind S1. ●re not local Ized, I.e. Lhey have no



vorLex that passes wlrh !Ls center between d ●nd F in

time t diminishes the correlations, changing cos o b)-

a factor of (-l ), independent of the dlrectIon of

movement and independent of Lhe Internml sLrucLure of

the vortex [31.

The detailed calculation of SXX(;, K) k publlshed

elsewhere [4] and gives a (squared) Lorentzlan

centraJ peak for the dynamic form fIICLOr

S2SXX(6,U)= — ;%2
2W2 (@2+) %+(?q)2]}2

with / = m ~ (2C ), Here V Is the rms V@lOCILY of the

vortices u’hlch can be taken from Huber [7] who

calculated the velocir~- auto-correlation function.

The central peak (2.2) 1s In excellent agreemerl L with

data obralned from combined MC-MD slmulaclons [4].

Moreover there Is a qual!tatlve agreement with the

shot-e mentioned neutron scat[erlng experiments [1,2 ].

3 (JUl -Of- plane correlarlons



q.

Sz(;, t) = s ~ Cos e (;- ill - +). (3.1)

The thermal ●verage In SZZ(;,K) = <Sz(;,t) SZ(6,0)>

Is evaluated by lntegracion over fi and ;

Szz(h) =

nvS2 JJ d2R d2u P(:) cos e(~-~-;t) cos @(R) (3.2)

where n~ 1s the vortex density and P(;) 1s the

velocity dlstrlbutlon. Introducing the vortex form

factor f(~) = Fourier transform of cos e(;), we get

This can be evaluated eksily lf the s~a[~c ~orte~——.

solutions ● re Insercecl [31,

the planar solutjon Lurns

s
22

uould then vanish, in

slmul~[lon [3],

Th*orefnrp rhe \“rp1(1~1i r \

However, for 1 t 0.7 onl)-

out to be stable [6] and

contradiction to the MC-M[J

taken Into mccount For 1 < U.7 and small veloclt)” u

[he equiitlons of motion yield the as}”mptotir solurlo II

!Irl [t.1’ mnt”lnu framp, UII)I Iimr unl[ h Js)



nnd

The

ale

;V is the -zlmuthal unit vector in the xy-plsne.

solutlon for r + O csn be obtained SIBO, but we

interested here only in the correlations for

small q where the ssymptotlc solution should be a

good spproxlmatlon. This leads to a veloclty

dependend form factor and eventually to

nv
Szz(b) ii

‘---~ exp {-(Q=)*)
326 6“ Uq

(3.6)

This Is a GaussIan

veloclty dlstrlbut Ion,

q-dependence, which

MC-:dD data [3], The

central peak

The width rz

1s Ver}” well

whlcn reflects the

= fiq has s IInear

supported by the

integrated lntenslty Is

(2.6)



2-magnon difference processes and vortex -magnon

interactions which wI]] be treated in future

publlcatlons,
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Captions

Fig. 1. lntenslty Iz of central peak for a temperature

T>Tc’ 0.8, Data points result from MC-MD simulations on a

60 x 60 Iattlce (circles) and a 100 x 100 lattice (crosses). Solld

llne from (3.6) lncludlng the cut-off, with ~ and k from ref. [4].
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