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TOM TAT

Mo hinh XY téng quat v6i tuong tic nematic bac hai (¢ = 2) c6 thé md ta hién twong chuyén pha tai nhiét do
thip trong chat siéu long He® (Metropolis, 1953), mang tinh thé long (Metropolis, 1953), mang méng tir
(Kurshunov, 1985)... Trong mé hinh nay, ngoai twong tac trao ddi spin-spin (cac cip xoay spin nguyén (chu ky
2m)) con cb tuong tic nematic bac hai (xuét hién thém cac cip xoay spin ban nguyén (chu ky m)). Su ton tai
df‘)ng thoi cua cac cdp xody nguyén va cdp xody ban nguyén lam cho mé hinh xuit hién nhiéu pha méi va
chuyén pha khac thuong so véi mé hinh XY thong thuong. Trong mé hinh XY téng quat vdi twong tic bac hai,
két qua clia cac nhom trudc chi ra ring, mo hinh nay xuat hién ba pha khac nhau la: pha thuan tir (P), pha
nematic (N), pha sit tir thong thuong (F). Tuy nhién, sy chuyén pha giita cic pha gan diém 3 (4 ~ 0,35) trén
gian db pha trong mé hinh nay chua thyc sy o rang. Vi vay, trong nghién clru ndy, chung toi tap trung khao sat
va xay dung lai gian d6 pha ciia mé hinh bang phuwong phap mé phong Monte Carlo va quan tim dén ving gan
diém 3 trong md hinh. Céc dai luvgng vat 1y théng ké co ban dugc tinh toan trong mo hinh 1a d6 tir hoa, nhiét

dung riéng, d tu cam tu.

Tir khéa: Chuyén pha KT, dd tw cam, do tir h6a, mé hinh XY tdng quat, twong tac nematic.

I. DPAT VAN DE.

Mo hinh XY tong quat co thé mo ta tinh
chit vat 1y coa vat lidu siéu long He’
(Metropolis, 1953) va mang tinh thé long
(Korshunov, 1985). Korshunov va Lee dé xuét
va nghién ciru tinh chat chuyén pha ctia mé
hinh ndy bang phuong phip nhém tai chuin
hoa. Cac tac gia tién doan mod hinh nay cé 3
pha bao gdm pha mat trat ty & ving nhiét do
cao, pha gia trat ty nhu mé hinh XY thong
thuong va pha nematic.
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x04y spin ban nguyén am

Mo hinh XY téng quat véi trudng hop ¢ =2
da dugc cac nhom nghién ctu (Hubscher,
2013; Carpenter, 1989) tinh toan bang phuong
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Trong mo hinh XY tong quat véi twong tac
nematic bac 2 (ngoai tuong tac trao doi spin-
spin, con c6 trong tac nematic bac 2) xuat hién
thém cac xoay spin ban nguyén (chu ky m)
(hinh 1). Cac xody spin ban nguyén nay tuong
tac voi nhau thong qua vach domain hiru han.
Sy ton tai déng thoi clia x0dy nguyén va xody
ban nguyén lam cho mé hinh XY tong quat
xudt hién rat nhidu pha va chuyén pha khac
thuong so v6i mo hinh XY chuén.
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dwong (haft-vortex) voi chu ky 7 (hinh trai),
(anti-haft-vortex) v6i chu ky m (hinh phai)

phap mo phong Monte Carlo chi ra rang véi
truong hop 4 > 0,35 ¢6 mot chuyén pha KT,
v6i 4 < 0,35 xuat hién 2 chuyén pha 1/2KT tir
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pha thudn tr (P) sang pha nematic (N) va
chuyén pha bac 2 tir pha nematic sang pha sét
tir (F). Tuy nhién két qua cta cac nhom nghién
ctru trudce (Hubscher, 2013; Imriska, 2009) chi
ra rang sy chuyén pha tai ving 4 =~ 0,35 chua
thuc sy r0 rang.

Pé tiép tuc 1am rd hon cac pha va cac
chuyén pha trong mé hinh nay, mé hinh 2D
XY tong quat trong mang hai chidu véi tuong
tac nematic bac hai duoc khao sat lai theo
phuong phap mé phong Monte Carlo (MC). Dé
tang hi¢u qua cua mo6 phong MC, nhom tac gia
lya chon sur dyng thuat toan két hop méi la to
hop gitra ba thuat todn Metropolis, thuat toan
Wolff va thuat toan Over-relaxation tong quat.
Céc dai lugng vat 1y thong ké nhu: nhiét dung
riéng (C), do tu cam (y), do tir héa (m) dugc
tinh toan va phan tich cho mo hinh nay.

Bai bao nay hy vong déng gop nhat dinh
vao nd lyc nghién ctru phat trién vat Iy nham
phuc vu cong tic giang day va nghién cuu
khoa hoc ciia BO mon Vat 1y, Khoa Co dién va
Cong trinh, Truong Pai hoc Lam nghiép.

II. PHUONG PHAP NGHIEN CUU
2.1. M6 hinh

M6 hinh 2D XY véi tuong tdc nematic bac
hai trong mang hai chiéu hinh vudng, tuong tac
gin giita cac spin 14n can (1 spin chi tuong tac
v6i bdn spin xung quanh) dugc mé ta boi ham

Hamilton (Metropolis,1953):
H=JY Acos(0 -0 )+(1-A)cos2(6,-6,) (1)
P

Trong do6: 6. 1a goc spin thir i véi truc x va
c6 gia tri ngau nhién trong khoang tir 0 - 27, A
€ [0,1], J = 1 1a hang sb tuong tac trao dbi.
Trong Hamilton, thanh phan thr nhit mé ta
tuong tac trao doi giira cac cdp spin lan cén i
va j chay qua moi vi tri trong toan by mang
tinh thé hinh vudng, thanh phan thir hai mé ta
tuong tac nematic bac 2.
2.2. Phuwong phap nghién ctru

Dé nghién ctru hién twong chuyén pha trong
md hinh nay, chung t6i sit dung phuong phap
mo phong Monte Carlo (Wolff, 1989). Bé tién
hanh m6 phdng Monte Carlo cho hé mang hai
chiéu hinh vuéng véi kich thuéc N = L x L,
chung t6i 4p dung diéu kién bién tuan hoan va
str dung thudt toan mai 1a t6 hop giita ba thuat
toan Metropolis (Metropolis, 1953), thuat toan
Wolff (Wolff, 1989) va thuat todn Over-
relaxation (Wolff, 1989) dé dwa hé vé trang
thai can béng. biéu kién can béng cua hé duoc
kiém tra thong qua tinh toan va so sanh ctia dai
luong nhiét dung riéng bang hai cach truc tiép
va gian tiép. Cac tham sé mé phong cua hé
dugc trinh bay trong bang 1.

Bang 1. Cac tham sé6 md phong MC

L Nt N, Nuc
16 63 5 2x10°
32 63 5 2x10°
64 63 5 2x10°
128 63 5 2x10°

L la kich thuoce hé; Nt la téng s6 diém nhiét
dé; Nr la tong s6 mau doc ldp; Nyc la tong so
bueée Monte Carlo (nita s6 bwde dau dé dwa hé
Vé trang thdi cdn bang, nita sé budc sau ding
dé tinh cdc dai lwong vat ly théng ké cua hé).
2.3. Céc dai lwgng vat ly

Mot s6 dai luong vat 1y théng ké duoc tinh
trong két qua md phong cuia chung toi.

Nhiét dung riéng dugc dinh nghia (Imriska,
2009):

C= 1 (voi E=(H))(2)
N, T (<E2>—<E>2)
Do tu cam tir (Imriska, 2009):
[(m*) | =[(m)]

=N 3
X T (3)

véi: m —%{(ZCOSQ]Z {Z”'”g’ﬂ
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I1I. KET QUA VA THAO LUAN

Trong phan ndy, chung t6i s& trinh bay két
qua md phdéng cho céc gia tri A khac nhau (0 <
A < 1) voi kich thuéc mang L = 16, 32, 64 va
128. Nhiét do chuyén pha duogc xac dinh tir
nhi¢t dung riéng va tr do, xay dung dugc gian
d6 pha cia mé hinh va so sanh két qua tinh
toan v6i két qua ctia nhom khéc.
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3.1. Truwong hop A=10,2

Hinh 2 trinh bay két qua tinh toan cac dai
luong vat 1y nhu d tor héa (m), nhiét dung
rieng (C), do tu cam tur (y) va do tu cam
nematic (y;) phu thudc vao nhiét d¢ cho céc
kich thudc mang khéc nhau L = 16, 32, 64, 128
cho truong hop 4 =0,2.
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Hinh 2. Cic dai lwgng vt ly thong ké truong hep A = 0,2

Két qua mo phong cho do tu cam tir (Hinh
2¢) ¢6 mot dinh nhon tai nhiét d¢ 7' va khong
phu thudc vao kich thudce, ddy 1a biéu hién cta
chuyén pha bac hai va phu hop vé6i két qua mé
phong nhi¢t dung riéng mo ta trén hinh 2b.
Tuong tu, két qua mdé phong d6 tu cam
nematic (hinh 2d) c6 mot dinh tu va phu thudc
kich thudc, day 1a biéu hién cua chuyén pha
1/2KT tir pha P sang pha N.

Két qua mé phong nhiét dung riéng c6 hai
dinh, d4u hiéu cua hai chuyén pha. Khi nhiét
d6 tang dan, dinh thir nhat tai nhiét 46 T) =
0,43. Nhiét dung riéng c6 hinh dang nhon va
c¢6 biéu hién phan ky phu hop voi két qua tinh
toan nhiét dung riéng cho mo hinh three-state
Potts cia Murtazaev (Murtazaev, 2013), chung
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t6 chuyén pha trong trudng hop nay 1a chuyén
pha bac hai pha N (pha nematic) sang pha F
(pha sat tir). Dinh thir hai ciia nhiét dung riéng
c6 hinh dang tu (hinh 2b) (Romano, 2006), day
1a biéu hién cua chuyén pha 1/2KT tng voi
chuyén pha tir pha P (pha mat trat ty) sang pha
N tai nhi¢t 36 7Txr = 0,81.

Théng qua 1y thuyét kich thudc hitu han, ta
thu duogc cac gia tri nhiét do tai cac dinh phu
thude vao kich thude L va ngoai suy voi L —
oo thi T,(L) — T¢ (S. Romano, 2006). Tt céac
dinh cua nhiét dung riéng C,,, tuong Gng voi
cac kich thudc mang L = 16, 32, 64 va 128, ta
xac dinh dugc nhiét do dinh 7.(L) tuong Ung
v6i cac dinh nay. Nhiét do chuyén pha 7, =
T(©) = 0,43 (hinh 2b) dugc xac dinh thong
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qua su phu thudc kich thuéc L cua T.(L) theo
cong thirc:
T.(L)=T.()(1+AL"") (4)

1 T T T

Hinh 3 trinh bay gia tri nhiét chuyén pha
T(L) phu thudc vao 1/L cho truong hgp cac
kich thuéc mang L = 16, 32, 64, 128.
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Hinh 3. Nhiét d9 chuyén pha T(L) phu thudc vao 1/L cho cic kich thuéc L = 16, 32, 64, 128.

Tuong tu, két qua mé phong cho cac truong
hop 4 khac (trong ving A < 0,35) phu hop voi
két qua ciia cac nhom trudc tinh thong qua dai
lwong nhiét dung riéng da cong bd (Hubscher,
2013).

3.2. Truwong hgp A =0,35

Pai lugng do tor cam tor ma d6 tu cam
nematic ching t6 dong thoi ¢ hai chuyén pha
tai cung mdt nhiét do 77 = 7> = 0,70 (hinh 4c,
hinh 4d), dic biét khong c6 dau hiéu rd rang
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cho chuyén pha KT nhu cac gia tri 4 ndm trong
ving 4 < 0,35. Két qua nay hoan toan phu hop
véi két qua tinh toan cia nhém trudc
(Hubscher, 2013).

Truong hop 4 = 0,35, nhiét dung riéng C,
c6 mot dinh nhon tai nhiét d§ 7 = 0,70 (hinh
4b) va van co6 biéu hién phan ky gibng A =
0,2, ching t6 chuyén pha trong truong hop nay
1a chuyén pha béc hai.
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Hinh 4. Cac dai legng vt ly thong ké truong hop 4 = 0,35
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3.3. Truwong hop A= 0,7
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Hinh 5. Cac dai lrgng vat ly thong ké truong hep 4 = 0,35

Do tu cam tir c6 mot dinh tu tai nhiét do 7'~
0,87 (hinh 5c). Khi nhiét d6 ting dan, dinh cua
do tu cam tur phu thudc vao kich thudc, diéu
nay chimg t6 day la chuyén pha KT tir pha P
sang pha F. P ty cam nematic khong xuit
hién dinh, chtng t6 khong c6 chuyén pha trong
truong hop nay.

Trudng hop 4 = 0,7, két qua mdé phong
nhi¢t dung riéng c6 mot dinh déu hiéu cia mot
chuyén pha tai nhiét 46 7'~ 0,87 (hinh 5b). Khi
nhiét do tang dén, dinh cta nhiét dung riéng co
hinh dang tu va phu thudc vao kich thudce (U.
Wolff, 1989), day 1a biéu hién ciia chuyén pha
KT tur pha P sang pha F.

Nhu vay vé6i cac gia tri A nam trong ving A
> 0,35, két qua md phong cho thiy chi ton tai
mot chuyén pha KT tir pha P sang N. Két luan
nay hoan toan phu hop véi cac két qua cua cac
nhom khic da dua ra truéc day (Hubscher,
2013).

3.4. Gian d6 pha va sy bat thuwong ciia nhiét
dung riéng

Nhiét d6 chuyén pha duoc xac dinh tir
nhiét dung riéng va tur d6, xay dung duoc gian
dd pha (Hinh 6). Nhiét 6 chuyén pha phu hop
v6i két qua tinh ctia Hubscher tir nhiét dung
riéng va c6 mot chut sai khac so voi nhiét do
chuyén pha tinh tir helicity modulus.
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Hinh 6. Gian d6 pha
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Két qua md phong tinh toan nhiét dung
riéng tai kich thudc mang L = 128 vdi 4 = 0,3,
0,35, 0,4, 0,5 va 0,7. Tai diém 3 trén gian do
pha (hinh 7) tmg v&i 4 = 0,35 ¢6 sy chong
chdp cua ba pha tir pha P sang pha N, tir pha N
sang pha F va tir pha P sang pha F, do c6 su
thay doi nang luong 16n nén cao d6 nhiét dung
riéng phai co gia tri cuc dai. Tuy nhién, qua

diém ba, cao d6 cia nhiét dung riéng tiép tuc
tang va dat gia tri cyc dai khi 4 = 0,4, sau d6
giam nhanh khi 4 tién dan vé& 1 (4 = 0.5, 0,7).
Vi vdy, can cic nghién ciru sdu hon nita dé lam
13 vi tri ciia diém ba tai 0,35 hay nguyén nhan
gi lam cho nhiét dung riéng gitra cac pha quanh
diém 3 véi cac gia tri 4 khac nhau lai ¢6 biéu
hién khac nhau.
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IV. KET LUAN

1. Viét chuong trinh mé phong Monte Carlo
cho mé hinh XY t6ng quat voi trong tac nematic
bac hai trong mang hai chiéu hinh vuéng.

2. Xay dung gian d6 pha cho mé hinh thong
qua dai lugng vt 1y thong ké nhiét dung riéng.

3. Két qua mé phong phu hop voi két qua
da duoc cong bd trude d6. Tuy nhién, dé tién
hanh mo6 phong Monte Carlo, ching to61 st
dung thuat toan két hop gbém: thuat toan
Metropolis, thuat toan Wolff va thuat toan
Over-relaxation tong quat dé dwa hé vé trang
thai c4n bang.

4. Tuy vay, cac két qua thu dugc trong ving
gan diém ba (4 ~ 0,35), nhiét dung riéng co
biéu hién khac thuong va dat cuc dai tai 4 =
0,4. Can céc nghién ctru sdu hon nira dé 1am 1
ban chat vat 1y cua hién tuong chuyén pha
trong viing gan diém ba nay.
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Hinh 7. Nhiét dung riéng phu thudc vao nhiét do tai kich thwéc mang L = 128
cho cac trwong hop 4 = 0,3, 0,35, 0,4, 0,45 va 0,5
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SIMULATION STUDY OF KOSTERLITZ-THOULESS PHASE
TRANSITION OF MAGNETIC MATERIALS IN THE 2D GENERAL XY
MODEL WITH 2-FOLD NEMATIC INTERACTIONS

Nguyen Vu Cam Binh', Luu Bich Linh? Bui Thi Toan Thu®,
Nguyen Huu Cuong4, Duong Xuan Nui’, Nguyen Khac Dien®, Dao Xuan Viet’

12343 ietnam National University of Forestry
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"Hanoi University of Science and Technology

SUMMARY
The two-dimensional generalized XY model with 2-fold nematic interactions may represent superfluid He’
(Metropolis, 1953), liquids crystal films (Metropolis, 1953) and thin magnetic film (Korshunov, 1985). In this
model, in addition to the spin-spin exchange interaction (integer-vortex pairs with 2n cycle), there is a 2-fold
nematic coupling interaction (half-integer-vortex pairs with m cycle). The emergence of both excitations leads
to a richer phase diagram than for the conventional XY model. In the two-dimensional generalized XY model
with 2-fold nematic interactions, the results of the previous group indicate that this model exits various phases
such as the paramagnetic phase (P), the nematic phase (N), the usual ferromagnetic phase (F). However, the
nature of phase transition between exotic phases in the region near A = 0.35 is still remained as open
questions.In this study, we re-examinate the phase transition of this model focusing on the region near A = 0.35
by using the extensive Monte Carlo simulation. The basic statistical physics calculated in this model are

magnetization, specific heat and susceptibility.

Keywords: General 2D XY model, KT phase transition, magnetization, nematic interaction, susceptibility.
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