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i i imensions has |
Study of phase transition in cl.assn'ca.llXY-mod({aIt;]r:e :Z‘t)::;lx:;[:operties N
attracted remarkable degree of attention'. Some o e of tooeiogical |
this model are the absence of long~ran.ge order, the [I)(r;) e ioraet Thel
defects called vortices and the Kosterlltz-Thouless'( : e the KT |
low temperature phase has only bound yortex-anmvor ei(' ;;rtex e |
transition is associated with the unbinding of vo.rl:‘e]).(t-ar;;\; pexpalr |
Investigations have been carried out on 't'.he possibili g' ooty Domangs |
transition without disturbing the essent-lal s}"mmcft:ﬁ .nearest S ehbonr |
Schick and Swendsen® suggested a modlﬁcahon.o ;(ﬁce L the carmeter|
interaction potential in this modeI: py e.xppropn'at:la Csevera] e |
in this potential a first-order transition is observe .t s amin model |
Monte Carlo simulations have been carried out to s “;y Hhis P e e |
with continuous symmetry™®. It is however, n(?l pli\“l "i‘ - ) \
behaviour in the transition .rcgion using. canonical otn c T rises
stimulations®, where temperature is the mgut parame er.“' e ion \
because the physical variables show Step—llkc‘b‘dla\"l{?]l;l: ‘.,_5 T owever, \
temperature in the case of a ﬁrst~ordcr'transxtlon.l .1 :,(;“[‘d. oo, 1t
be studied by the Monte Carlo simulation m(-thf)( [)l'(.)[; e n;icmcanouical
differs from the metropolis algorillun”-in operating wit 111:]:; i
enscinble, so that the energy is ﬁxe.d (mp‘:xt paramc't.e.r‘) \:Prsa This provides
temperature is obtained from the sunulattxt?ns. ]nOL.“]L'L“ ° ;‘m.oo”wr g on
an advantage because the physical quantities depc mr )L ;,;drr o
the system encrgy than on the temperature, at t!le} 1r? o Or,der o
l]zarr;s“ has used this method of]Crcutz to study the firs
in a discrete Ising-like spin-model. ) . B
in alhim\ntlv, we %lcvclopcd an algorithm to lmplcnll'cnt‘ :.th::':;c(h?nlx)? " ocal
spin .s\‘sh‘n;s with continnous symmetry (the two ; ltl;nllr;mt L der Leansition
X\'-lx;o«h'l)”. In this work, we report the stud)f (l>l e in;craction Sotential
in a 2D classical XY-model with the ucarestsnelg ! )L)L:I]‘ o algorithan, e
suggested by Domany, Schick and Swendsen®. U;Sllr;g t:ans“ion region.
cl(:wurlv demonstrate its potential for the study Od ]le e octed by
Tixe Hamiltonian of the classical 2D XY-model, as sugg
Domany, Schick and Swendsen is given by:

‘ :0"—0‘ (1)
H= 2] Y [1-(cos” )], J > 0,
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whe i ;
at si‘;’;‘{‘;&':@;h" "t";'l"“lg const:_m% and 0; is the angle made by the spin
the nem ey n h;;)ec 0 ; ﬁxezd axis in the plane. The sum < i,j > is over
classical 30 ng'-mzsz. Bor.p = l.the Hamiltonian reduces to the usual
narrower and for 1o 1-0 t};] mcreas.u?g p? the potential well can be made
Recent Canonicallilom c t: Lra'nsmotl becomes first-order in nature,
nature of thiy hans,‘ﬁo:{ arlo simulatijons also support the first-order
F imulati .
lattic:rh‘;:;nz';;la}%gn, “:je chose P’ =30 in Eq.1 and consider a 2D square
i licity and fa.;ter and 900 spins with periodic boundary conditjon. For
We used 100 descret,ec:t:i:-taotw"agl sp/e;(;io, th: continuous 0 is descretsed.
) : * Ui = 21n » Where n=1,23, ... .
mlc’fgl’?ait:;r'l;cal MC simulations were carried out as disci’gscd }?‘Ogeg‘ lh;
equilibfationya:: léSed 44>< 10* Monte Carlo Step per Spin (MCSS) for
outin 12 by w“: ;0 %ESS for averaging. The averaging was carried
standard devinie, o ”X ’ MCSS per block for the estimation of
Magnetisation per spj "33 .}’5"—"?-1. o The uch a3 mean e
Spin system anh: pEf\ an YOI‘UCI!}’.‘ The temperature dependence of the
K'BT,/J by T andglyf (Jﬁ is dlsplayeq in Fig.1. (Here we have replaced
seen'at low o /J by .E.) The linear temperature dependence of £,
e c(‘llilil['x)u?ctatllres is due to the spin wave behaviour.
ollows: riim mean square magnetisation per spin is calculated as

N—I <J‘12>= 7=1 - 2 = :
i} N« (gcosﬂ.-) + (; sing;)? >, (2)
fur::?ol: ;? :::;total number of spins. Fig.2 displays N~1 < 72 >asa
g (Cons..[:ir::ur{e;’ Smnlerly, the vorticity in each elementary square
total mume pos;::’ c?uT Spius at the corners), was also calculated!. The
of negat e o Wh(ie \hOf tices was found to be equal to the total number
condia Fres di; ' ,c 'S & conscquence of the periodic boundary
e u. plays the temperature dependence of vorticity.
. n that the temperature dependence of E,, N-! < f2 '>, and

order ¢ iti i

wer:rcar::?:;uont te{npt.?rature4 T.. Simulations on 25 and 100 spin systems

mverngn olu2 !\:nth 2 x'IO MCSS for equilibration and 3 x 10* MCSS ;'or
g {in locks with 2500 MCSS per block). Average over three

energy values was taken Lo obtain the transition temperature. We ubt&ill.'l'c
ol 1.11 (1.04) for 25 spin (100 spin) system. We note that T, increases with
decrease in system size. From this behaviour, 7}, of 1.00 is expected in the
thermodynamic limit. This value of T is in good agreement with the result
from canonical Monte Carlo simulations on systems of comparable size®.
The physical picture for the origin of the first-order transition is as.
follows. For small p, the potential well of the nearest neighbour interaction
is rather wide, so that vortices and antivortices enter the system gradually
as the temperature is increased and at the Kosterlitz-Thouless transition
temperature there is a dissociation of the bound vortex-antivortex pair. For
large p, the potential well is narrow and there is an insufficient increase of
vortex density at low temperature. Then at a fixed higher temperature
there is a sudden appearance of large number of vortex-antivortex pairs,
resulting in a first-order transition. This feature is clearly seen inFig. 3. In
the present simulation values of vorticity and magnetisation have been
obtained also in the transition region, which were absent in the earlier
canonical Monte Carlo simulations. We also ubserved that the values of
vorticity for a fixed system cnergy, in the heating cycle is lower than the
corresponding value in the cooling cycle. This difference is due to the
metastability of the system in a first-order transition. From the energy
dependence of vorticity, of the 900-spin system, we estimate that the
creation of a vortex-antivortex pair costs about 19 units of energy in the
transition region, compared to 14 units of energy for the closest bound pair.
This implies that during the transition majority of the cnergy is spent in
the creation of bound vortex-antivortex pair. It is important to note that,
in an experimental study of the first order transition, energy is added to
(removed from) the systemn and the resulting physical quantitics are
measured. During the transition. the temperature remains constant. The
microcanonical Monte Carlo simulations closely represents this situation
and therefore. is expected to give reliable results of the transition.

In conclusion, we have demonstrated the potential of the microcanonical
Monte Carlo shinulations in the study of first order transition. We have
obtained vorticity and magnetisation in the transition region for the
modified potential in case of 2D classical XY-model. It is observed that the
creation of a vortex-antivortex pair costs about 19 units of energy in the

transition region.
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Figure Captions:

Y

Figure 1: Average system energy per spin as a function of temperature for

900 spin system,
Figure 2: The mean s

900 spin system,
Figure 3: Vorticity as a function of temperature for 900 spin system.
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