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Tom tat: Hé vat liéu tir hai chiéu c6 cac tham sé téi han thuc nghiém thuong
biéu hién khac thuong, khong thudc 16p phd quat Ising cling nhu khong
thuoc 16p phd quéat XY ma co gia tri tir 16p phd quat Ising dén 16p phd quét
XY. Bé nghién ctru chuyén pha cia nhiing vat liéu nay nguoi ta dua ra mo
hinh XYhg.Tinh chat chuyén pha cia md hinh XYh, da dwoc nghién cau
bang ly thuyét tai chuan hda va md phong sb.Cac tac gia da chi ra trong md
hinh nay véi q < 4 chi ¢c6 mot chuyén pha bac hai, véi g> 4 ¢6 chuyén pha
KT tuy thudc vao gia tri caa g. Tuy nhién, cac tham sb téi han thuc nghiém
c6 nhiing bat thuong véi ca vat liéu bat dang huéng q < 4. Do d6, chung t6i
khao sat su chuyén pha cia XYhs phu thudc vao truong tinh thé bat dang
huéng hs bang phuong phap md phong Monte Carlo. Két qua chi ra sy
chuyén pha cua XYhs phu thugc vao cuong dohs, vaoi hs> 0.01 md hinh ¢6
mot chuyén pha bac 2 va nhiét do chuyén pha giam khi cudong do truong tinh
thé giam;hz < 0.01 mé hinh van c6 mét chuyén pha bac hai, nhung nhiét do
chuyén pha khong di va bang nhiét d6 chuyén pha KT.

Tir kh6a:M6 phong Monte Carlo, chuyén pha, vat liéu tir, md hinh XYh,.

1. DAT VAN BE

Vit liéu tir hai chiéu (2D) dugc quan tdm nghién ctrusdi ndi bang li thuyét, mo phong va
thuc nghiém. Cac vat liéu tir 2D cophan cyc tir manh, spin dinh huéng theo mot 5O
hudng nhét dinh, duoc md ta boi m6 hinh q — state clock(ddng ho q trang thai) [1]. Vi
vat lidu cophan cuc tir yéu, spin c¢6 thé dinh hudng tuy do trong mat phang, dugc biéu
dién bdi md hinh XY [2]. Nhung vé&i nhing vat liéu c6 bleu hién trung gian, tirc la co
thé dinh huéng theo moi hudng nhung wu tién hon cho mét s6 huéng ddi xing xac dinh
duge mo ta bang mo hinh XYh,.

M6 hinh XYhgla m6 hinh XY c6 thém tic dong truong tinh thé bat dang hudng g-hudng
(cuong do truong tinh thé 1a hg) va dugc dé xuatboi Josevao nam 1977 [3]. Hién tuong
chuyén pha ctia m6 hinh XYhqda duoc nghién ciru bang vai li thuyét [3], mé phong [4-
10] va kém theo d6 c6 nhiing bang chimg thyc nghiém phu hgp véi md hinh nay
[10].Khi truong tinh thé bang khong (hg = 0) md hinh tr¢ thanhmd hinh XY théng
thudng [2,11] véi mot chuyén pha Kosterlitz-Thouless (KT) tai nhiét d6 T = 0.89 giita
pha mat trat ty & nhiét do cao va pha gia trat ty & nhiét d6 thap [2, 12, 13].Khi cuong do
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truong tinh thé rat 16n (hq — o) mo hinh tro thanh mé hinh q — state clock [1, 14] v6i su
chuyén pha phy thudc vao gia triq. Bang nhiing tinh toan li thuyét va mo phong véi mo
hinh XYhq cac nghién ctru dua ra khang dinh: voi g < 4 mé hinh chi c6 mot chuyén pha
bac hai; > 4 mo hinh c6 hai chuyén pha KT.

Khi nghién ctru mé hinh XYhgcac tac gia con quan tim dén anh hudng cta cuong do
truong tinh thé bat ding hudng, hg, dén sd luong chuyén pha va loai chuyén pha cia mod
hinh nay [4, 6, 7, 9, 10]. VVéi g> 4, cu thé q = 6, tinh toan i thuyét Jose va cong su da
xdy dung gian d pha cho mé hinh véi hai chuyén pha va cac nhiét do chuyén pha hau
nhu khong phu thudc vao cudng do trudng tinh thé khi he # 0. Gan day, bang phuong
phap mé phong Monte Carlo (MC),cac tac gia nghién clru vai tro cta cuong d6 truong
tinh thé dén chuyén pha ctia XYhe trén mang hai chiéu tam giac [6] va trén mang hai
chiéu hinh vuéng [9]. CAc tac gia chi ra rang, trong khi chuyén pha nhiét do cao T,
khong phu thudc vao gia tri he thi chuyén pha nhiét do thip T1 lai giam khi d6 16n he
giam va ca hai loai chuyén pha nay 1a chuyén pha KT. Véiq = 4, Taroni va cong su chi
ra hé s6 mil t6i hanfictia do tir héa phu thudc vao cudong do truong tinh theh4 Ket qua
mo phong phu hop véi két qua thyc nghiém cua cac vat liéu trong mot mién hé s6 mil
t61 han (0.125< £ < 0.23) [10]. Véi g< 4, cu thé véi q = 2, 3 thi chuyén pha KT cua mo
hinh XY bi pha v& ngay ca vai cac gid tri hq rat nho [5, 15]. Chuyén pha ctua XYh; voéi
truong tinh thé hy 1a giéng voi chuyén pha bac hai caamé hinh Ising. Chuyén pha cua
XYhs véi truong tinh thé hs 1a giong véi chuyén pha bac hai cia mo hinh 3-state
clock.Mat khac, Nguyen va cong su nghién ciu chuyén pha cua md hinh XYhsbang
phuong phap mé phong sé va nhan dinh 1a vai hs di nhé (hs = 0.01) thi md hinh s& xuat
hién chuyén pha KT [16]. Clng véi dé, gan ddy, mot s6 thuc nghiém nhan dinh gia tri
truong tinh thé rat nho, ¢ 10°°, ciing tac dong dén chuyén pha cua lop vat lidu nay [17,
18].

Do @6, trong bai bao nay ching t6i nghién cttru sy anh hudng cua cudng do truong tinh
thé nho(hs) dén su chuyén pha cia md hinh 2DXY bing md phong Monte Carlo trén
mang tinh thé hai chiéu hinh vudng. Céc két qua mé phong véi cac dai lugng nhiét dung
riéng va ti so chiéu dai twong quanchi ra sy phu thudc cua chuyén pha cia XYhs
vaocuong do truong tinh thé bat dang hudng ba hudnghs: véi hs> 0.01 md hinh c6 mot
chuyén pha bac 2 va nhiét d6 chuyén pha giam khi cuong d6 truong tinh thé giam, hs <
0.01 van xuét hién chuyén pha bac hai nhung nhiét do chuyén pha khéng phu thudc vao
cuong do trudng tinh thé hs va bang nhiét ¢6 chuyén pha KT.

2. MO HINH VA PHUONG PHAP

M0 hinh XY trong mang hai chiéu hinh vudng vai sy xuét hién cia truong tinh thé bat
dang huong 3 huong (XYhs) vai Hamilton dugce cho dudi dang [3]

Hz_JZ‘COS(@ —Hj)—fgzi:cos(?ﬂi) (1)

trong do 6 1a goc cua spin thir i voi truc x va co gia tri trong khoang tr 0 dén 2m,J =1 1a
hang s twong tac trao ddi gitra cac spin. Thanh phan tht nhat mé ta twong tac trao doi



70 LUGNG MINH TUAN va cs.

cua cac cap spin lan can, i va j chay qua moi vi tri trong toan bo mang hinh vuéng,
thanh phan thir hai md ta tuong tic cia trudng tinh thé bat ding huéng 3 hudng véi
cuong do ha.

Chung tdi tién hanh md phong MC cho mang hai chiéu hinh vuéng c6 kich thudc N =
LxL, voi L = 16, 32, 64, 128, va &p dung diéu kién bién tuin hoan. Dé dua hé vé trang
thai can bang ching t6i sir dung két hop giita thuat toan Metropolis va thuat toan Wolff.
Trong d6, mot budc MC (MCs) dugc dinh nghia bing 5 budc Wolff va 1 budc
Metropolis. Diéu kién can bing da dugc kiém tra thdng qua sy hoi tu cua nhiét dung
riéng.

Mot s6 cac dai lwong vt Ii thong ké duoc tinh trong mé phong cua ching toi.

Nhiét dung riéng dugc dinh nghia
1 2
C=—((e)~(e)) )

trong d6 E=(H) va e=E/N.

Khi v& nhiét dung riéng theo nhiét @6 T, néu dai luong nay xuét hién cac dinh nhon la
dau hiéu cua chuyén pha bac hai, con néu cac dinh ti cho ta dau hiéu cua chuyén pha
KT va dua vao su phu thuoc cua dinh theo kich thudc L ta ¢6 xac dinh dugc nhiét do
chuyén pha. Bé thay dau hiéu rd rang hon va tinh nhiét do chuyén pha ndy mét cach
chinh xac, chling toi gigi thiéu thém dai luong ti s6 chiéu dai twong quan [19], véi dinh
nghia:

1
= 3
2sin(k, /2) ®)
trong do
2
R N N . 5 . A
m(k)2 -y %(Zcos@i,Zsina}exp(ik.r) |a khai trién Fourier cuia tir do trong khong
H=Xy i=1 i=1
gian véc-tok .

Ti s chiéu dai twong quan (¢/L) clng la dai luong quan trong dé xac dinh chinh xac
nhiét do chuyén pha va loai chuyén pha. &L c6 diac diém tién toi v clng & pha trat
tu,tién t6i 0 & pha mat trat ty, va cd gia tri hitu han & pha gia trat tu khi kich thudc L —
0.,

3. KET QUA VA THAO LUAN

Trong muc nay ching toi trinh bay két qua mo phong Monte Carlo d6i véi md hinh
XYhs cho mang hai chiéu hinh vuéng. Bang céc két qua thu dugc tir cac dai luong vat li
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nhiét dung riéng va ti s6 chiéu dai twong quan voi céc gia trj hs khac nhau. Ching toi
thay biéu hién chuyén pha cia md hinh nay cé thé chia lam hai vung.

Déi véi ving h3>0.01, xét cu thé hs = 1 va 0.1, cac dau hiéu chi ra hé cho mét chuyén
pha bac 2
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Hinh 1: Nhiét dung riéng va ti sé chiéu dai twong quan phu thugc nhiét dé cho cdc trong hop
h3= 1, h3= 0.1.

Hinh 1, biéu dién sy phu thudc vao nhiét o cua nhiét dung riéng va ti s6 chiéu dai
tuong quan Vai cac kich thudc mang L = 16, 32, 64 va 128 taihs = 1 va 0.1. Trong hinh
1a, 1b nhiét dung riéng xuat hién mot dinh nhon va ting rat nhanh khi L ting, day 1a dau
hiéu ciia chuyén pha bac hai. Ngoai ra, so sanh gitra hai hinh nay thi dinh khéng chi phu
thudc kich thuéc ma con phu thude vao do 16n truong tinh thé. Cu thé, voi mot gid tri hs
thi dinh dich chuyén vé ving nhiét d6 thip khi kich thudc ting; con voi mét gia tri kich
thuge khi gia tri hs giam thi dinh ciing dich chuyén vé ving nhiét do thap. Pay 1a dau
hiéu cho thay nhiét d6 chuyén phathay d6i khi cuong do truong thay doi.

Str dung If thuyét kich thuoc hitu han cho nhiét dung riéng ¢6 thé tinh duoc nhiét do
chuyén pha bac hai tng vai cac gia tri hs khac nhau. Nhiét d6 chuyén pha bac hai dugc
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xac dinh thong qua sy phu thude kich thudc cua cac dinh nhiét dung riéng bang ham luy
thura theo biéu thuc [20]:

To (L)=T () +c- L% 4)

Bing cac s6 liéu md phong, ching tdi vé Te(L) theo LH vatam phU hop cac tham sé c,
v cho md hinh XYhsva diém giao cit gitra duong dit liéu véi truc nhiét do. Tir d6 chung
t61 tim duoc nhiét do chuyén pha caa md hinh khihs = 1 1aTe ~ 1.21 vahs = 0.1 1aT¢ =
1.00. Két qua nay la pht hop véi cac nghién ctru trude day cho ving hs> 0.01 [4, 15].

Biéu hién cua chuyén pha bac hai, véi h3>0.01, mét 1an nita duoc khang dinh qua su
phu thudc kich thudc cua ti s6 chiéu dai twong quan (¢/L) ¢ hinh 1c, 1d. Cu thé véi céc
kich thuéc khac nhau thi &L cat nhau tai mot diém, thé hién day 1a chuyén pha bac hai.
Ngoai ra, tir diém giao cit cta cac &Lta cling tinh dwoc gia tri Tc phi hop véi két qua
tinh bang biéu thic (4) cho nhiét dung riéng. M6 hinh XYhs véi hs> 0.01, ngoai viéc
khang dinh lai c6 hién tuong chuyén pha bac hai ching toi con chi ra nhiét do chuyén
pha cua md hinh giam khi giam cudng do truong tinh théhs.

Doi v6i ving hs < 0.01, cu thé vi hs = 0.01 va 0.001, va thay su khac la trong hign
tuong chuyén pha caa moé hinh XYhs trong vung nay cua ha.
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Hinh 2: Nhiét dung riéng va ti sé chiéu dai twong quan phu thugc nhiét dé cho cdc trong hop
h3 = 0.01, h3 =0.001.

Hinh 2, biéu dién nhiét dungriéng va ti sb chiéu dai twong quantheo nhiét d6 véi cac
kich thudc mang L = 16, 32, 64 va 128 khi hz = 0.01 va 0.001. Trong hinh 2a, 2b dinh
cua nhiét dung riéng tién t6i gia tri hitu han khi kich thuéc mang tang, day 1a ddu hiéu
cua chuyén pha KT twong tu nhu trong truong hop hs = 0, hinh 3a.

Ciing twong ty nhu trudong hop hs> 0.01, trong truong hop hs < 0.01, ti s6 chiéu dai
tuong quané/L phu thudc nhiét 6 ¢ hinh 2c, 2d van cd biéu hién cit nhau giira voi cac
kich thuéc khac nhau va chuyén pha van la chuyén pha bac hai. Méc dd, hs = 0.001, véi
cac kich thuéc md phong trong nghién cau nay, Van c6 mot doan chong chap nhau, tuy
nhién, khi kich thuéc ting doan chong chap ngan dan khac vei truong hop hs = 0 ¢
hinh 3b. Vi thé khi L — oo doan chap nhau s& giam vé khong, nghia 1a ti s6 chiéu dai
tuong quan s& cat nhau tai mot diém, day 1a biéu hién cua chuyén pha bac. Cac két qua
tinh sé 1a phu hop véi du doan cua Ii thuyét tai chuan hoé [3] va md phong séhs = 0.01
[15], nhung khdng pht hop vai két luan caa Nguyen va cac cong su [16].
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Hinh 3: Nhiét dung riéng va ti sé chiéu dai twong quan phu thugc nhiét @é cho méd hinh XY
thong thuong (truong hop hs = 0).

Tir céc két qua tinh toan chung tdi xay dung gian d6 pha sy phu thudc caa nhiét do
chuyén pha vao cuong d6 trwong tinh thé trong hinh 4.Tir gian d6 pha thiy rang, cuong
d6 truong hs = 0.01 1a gid tri bién gitra hai ving. Piéu nay c6 thé duoc giai thich r rang
hon, ving gia tri hs> 0.01, dong gop cua trudng tinh thé so sanh dugc véi twong tac trao
dbi spin (J) nén thay ddi cudng do trudng tinh thé dan dén thay doi nang luong ctia hé
va khi d6 ca nhiét dung riéng va &L déu cho céc biéu hién rd rang vé chuyén pha.
Nguoc lai, viing hs < 0.01, ha<<J, nén déng gop cia truong tinh thé khong dang ké vao
nang lwong cua hé nén nhiét dung riéng biéu hién gidng chuyén pha KT; nhung &L xem
xét dén twong quan giira C4C spin Nén né mo ta sy anh hudng cua cudng do trudong 1én
hé tt hon va vi thé n6 phan anh chinh xé4c chuyén pha cua hé. Vay véi cac gia tri hs #0,
thi md hinh XYhs chi cho chuyén pha bac hai. Khi hs> 0.01, giam gia tri hs thi nhiét do
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chuyén pha Tc giam va Tc — 1.49 khi hs — co. Khihs < 0.01, hs giam thi T khong doi va
bang Tkt = 0.89.
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L4 Disorder
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04 Order
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Hinh 4: Gian d@6 pha T-hz cia mé hinh XYhs.
4. KET LUAN

Chung t6i da tién hanh nghién ciu hién twong chuyén pha caa md hinh XY trong mang
hai chiéu hinh vubng véi su xuat hién caa truong tinh thé bat dang huéng ba hudng
(XYhs) bang phuong phap moé phong Monte Carlo. Céc dai lwong nhiét dung riéng va ti
s6 chiéu dai twong quan di duogc tinh toan trong nghién cau nay. Chuyén pha cia mo
hinh nay dugc chia lam hai vung, véi bién Ia hs = 0.01. Vunghs> 0.01 md hinh c6é mét
chuyén pha bac 2 pht hop véi cac nghién ciu ly thuyét [3] va md phong trude day véi
mo hinh XYhs [4,15], nhung nhiét chuyén pha Tc nay giam dan khi gia tri cua hs giam.
Vinghs < 0.01, mé hinh XYhs, van ¢ biéu hién cia mot chuyén pha bac hai nhung
nhiét do chuyen pha khong doi va bangTkr ~ 0.89 vdi céc gié tri khac nhau cua hs. Két
qua nay phl hop voi tinh toan Iy thuyét nhdm tai chuan hoa [4] va m6 phong s6 [15],
nhu’ng khong phu hop véi két luan nghién ciru md phong méi gan day cua Nguyen va
cac cong su [16].
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STUDY INFLUENCE OF SYMMETRY-BREAKING FIELD h; TO PHASE

TRANSITION OF THE 2D XY MODEL

Abstract: Two dimensional magnetic materials have experimental critical exponents that often
have different critical exponent, not belonging to the Ising universal class nor to the XY
universal class, but their values lies in a “universal window”, bounded by the Ising and XY
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critical exponent. The XYhq model is introduced to study these materials. Theoretically, XYhq
model has been studied by using renormalization group and numerical simulation. In this model,
the authors have shown: for g< 4, it has only the Ising phase transition; for g> 4, it has KT phase
transition depending on the value of g. However, experimental critical exponents have unusual
behavious even with anisotropy g < 4. Therefore, we study the phase transition phenomena of
XYhs model depending on the intensity of anisotropic crystal fields (hs) using extensive Monte
Carlo simulation. The results show that the phase transition of XYhs depends on the intensity of
hs: for hs> 0.01 the model has a second-order phase transition and the phase transition
temperature decreases as the crystal field strength decreases; for h; < 0.01 The model still has a
second-order phase transition, but the phase transition temperature is constant and equal to the
KTphase transition temperature.

Keywords: Monte Carlo simulation, phase transition, magnetic materials, XYhq model.



