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Ngay nhdn bai: Chiing t6i nghién ctru hién twong chuyén pha ciia mé hinh g-state clock hai

18/02/2020 chiéu béng phuong phap moé phong Monte Carlo. Chung t6i tinh toan cac dai
Ngay duyét ding: luong vat Iy nhu 1a: nhiét dung riéng, do tir hod va mo dun xoin cho ¢ > 5 (cu
10/3/2020 thé ¢ = 6 va 8). Nhiét dung riéng va d¢ tir héa chi ra mo hinh c6 hai chuyén
Tir khéa: pha, bao g6m chuyén pha trén, 7,, giita pha mat trat tu va pha gia trat tu va

Khoa hoc vt liéu; chuyén pha dudi, T, gitta pha gia trat tu va pha trat tu. M6 dun xodn khong

mé phong Monte Carlo; nhitng chi ra 75 1a chuyén pha Kosterlitz-Thouless ma con ¢ biéu hién cia

chuyén pha; vdt liéu tir;

mo hinh g-state clock. chuyén pha 7.

1. Gi6i thiéu

Mo hinh 2D g-state clock dugc quan tdm nghién
ctru hién tugng chuyén pha trong nhiéu nim [1, 2, 3, 4,
5]. M6 hinh nay Ia tong quat hoa cia mé hinh 2D Ising,
nhung mé hinh nay tré thinh mé hinh 2D XY khi s6
trang thai ¢ tién toi v cing. Mo hinh 2D Ising c6
chuyén pha bac hai giita pha mét trat ty va pha trat tu.
M6 hinh 2D XY c6 chuyén pha Kosterlitz-Thouless
(KT) gitta pha mat trat tw va pha gia trat ty [6]. Chuyén
pha KT 12 m¢t trong nhitng khai niém quan trong trong
vat 1i théng ké vi n6 c6 thé giai thich dwoc cac pha va
chuyén pha trong 16p chuyén tiép Josephson [7], mang
tinh thé léng [8]. Tha vi & chd, chuyén pha KT xuét
hién trong md hinh g-state clock tity thudc vao sb trang
thai ¢ ctia vécto spin.

Chuyén pha cua mo hinh g-state clock dugc nghién
ctru bang 1y thuyét [1] va khing dinh lai bing mé phong
s6 [2, 3, 4]. Cac tac gia cung dong thudn cho ring md
hinh g-state clock chi c6 mét chuyén pha bac hai cho ¢
<5 va hai chuyén pha KT riéng biét & nhiét d6 xac dinh
Ty va T, (T, > Ty) cho ¢ > 5. Pha ¢ giita cac nhiét d) nay

1a pha gia trat ty gibng nhuy mé hinh XY dudi nhiét do
chuyén pha KT, pha trén 7, 1a pha mét trat tu, va pha
dudi T 1a pha trat tu [2].

Céc nghién ciru m6 phong cho md hinh g-state
clock sau nay tap trung vao cac van dé: i) tranh ludn
chuyén pha 1a KT hay khong phai 1a KT; ii) dai lugng
vat ly nao mo ta duogc chuyén pha ciia m6 hinh nay.
Nam 1982, dua trén biéu hién cta nhiét dung riéng, do
tir hoa va do tir thAm Tobochnik va cong su [3] da
chimg minh mé hinh g-state clock ¢ hai chuyén pha
KT riéng biét vdi ¢ > 5. Nam 2010, Baek va cong su [4]
cho ring mé dun xoin cua g = 5 khong tién vé 0 trong
pha nhiét d6 cao, nén chuyén pha tai 7, khong phai la
chuyén pha loai KT. Tac gia di so sanh biéu hién cua
mé dun xodn giita cac truong hop ¢ = 3, 4, 5, 6 va
khéng dinh mé hinh g-state clock chi c6 chuyén pha KT
voi g > 6. O day, md dun xodn chi tinh dugc nhiét do
chuyén pha trén 7, va khéng c6 biéu hién ciia chuyén
pha dudi 7.
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Tuy nhién, mét sb nghién ctru ndm 2013 [5] va
2014 [9], ung ho cac két luan truée d6 1a hai chuyén
pha ctia mo hinh g-state clock thudc loai chuyén pha
KT cho ¢ > 5. Kumano va cong su cho ring dinh nghia
mé dun xoén lién tyc tinh qua goc xodn lién tuc khong
phtt hop véi hé c6 spin gian doan, vi thé nhom dua ra
dinh nghia m6 dun xoén méi (goi 1a mo6 dun X0én gian
doan) duoc tinh thong qua mdt goc x08n roi rac cho hé
spin gian doan. Céc tac gia khing dinh mé dun xoén roi
rac ¢6 biéu hién dong thoi 2 chuyén pha T) va T, trong
mo hinh g-state clock. Sau do, Baek va cong su da cong
bb mot nghién ctru khac [10] trong d6 tac gia tinh toan
md dun xoan lién tuc cho md hinh g-state clock véi
diéu kién bién khac. Mot 1an nita tic gid nhan dinh mé
dun xoén lién tuc c6 thé mé ta chuyén pha trong g-state
clock véi ¢ > 5, nhung van chi biéu hién cho chuyén
pha 7>.

Tir day dit ra cdu hoi ring: md dun xoén gian doan
xac dinh dugc d@)ng thoi nhiét do chuyén pha T} va T,
vay mo dun xodn lién tuc ¢6 xac dinh duoc déng thoi
nhiét 6 chuyén pha T, va T véi ¢ > 5 hay khéng? Do
do, trong bai bdo nay chiing t6i nghién ciu m6 phdng
mo hinh g-state clock tdp trung tinh toan cac dai lugng
14 nhi¢t dung riéng, d6 tir hoa va mé dun xoan lién tuc
cho ¢ > 5 (cu thé ¢ = 6 va 8) bang phuong phap mé
phong Monte Catrlo.

2. M6 hinh va phwong phap

M5 hinh 2D g-state clock (con goi 1a mé hinh dong
hé ¢ trang thai), & day, vector spin c6 ¢ hudng (¢ =2, 3,
4, ..) cic hudéng niy cach déu nhau mét goc. M6 hinh
2D g-state clock nhur mot mo hinh trung gian giira hai
mo hinh 2D Ising (¢ = 2) va m6 hinh 2D XY (¢ — ).
M6 hinh 2D g¢-state clock dwgc md ta boi ham
Hamilton sau [1, 2]:

H=-J) cos(6,-0)), (1)
)

, 2r o
trong do Q =—n,v6in=0,1,2..., 1a gbc cua

spin thir i v6i tryc x, J = 1 1a hing sb twong tac trao dbi
gilra cac spin.

Chung t6i tién hanh mé phéng MC cho mang hai
chidu hinh vuéng c6 kich thuée N = LxL, v6i L = 16,
32, 64, 128, va 4p dung didu kién bién tudn hoan. Dé
dura hé vé trang thai can bing chung t6i str dung két hop
gilra thudt toan Metropolis va thuat todan Wolff. Trong
do, mot budec MC (MCs) duge dinh nghia b?mg 1 bude
Wolff va 1 budc Metropolis. Diéu kién cin bing da
6

duoc kiém tra thong qua su biang nhau cta nhiét dung
riéng tinh theo cong thirc théng ké va theo bién thién
nhiét d6. Chung toi chay 5 mau dé tinh trung binh va sai
s ciia cac dai lugng vét Ii bang phuong phap Jackknife.

Cac dai luong vat 1y théng ké dugc chung t6i trinh

bay trong nghién ciru nay gdm:

Nhiét dung riéng dugc dinh nghia theo biéu thirc
(31,

C= gl E)-E) = lfe) (o) @

B

trongd6 E=(H) va e=E/N .

Do tir hoa 1& mot tham sé biéu thi do trat tw trong
cac mo hinh tur, hay néi cach khac do tir hoa cia cac mod
hinh tr chinh 1a tham sd trat tw, va duge tinh theo cong
thirc nhur sau [9]:

| ) 52
mzﬁ (ZCOSH,) J{Zsiné’l) 3)
M6 dun xoin lién tuc duge dinh nghia nhu sau [4]:

— 1 2
Y= ()= (s*), “)

Trong do, e=1/LZZ:<ij> cos(gi_gj) la

nang lugng lién két gitra cac spin lan can theo truc x

tinh cho mot spin, § = 1/[‘2 Z o sin (Hi -9, ) do

su thang giang (su quay) cua cac spin theo truc x voi

téng lay trén tit ca cac lién két theo mot hudng va

<' . > la trung binh nhiét dong luc hoc.

3. Két qua va thao luin

Trong muc nay ching t6i trinh bay két qua mé
phong Monte Carlo va thao luan d6i v6i mé hinh g-
state clock cho mang hai chiéu hinh vudng véi g > 5 (cu
thé ¢ = 6 va 8) cho cac dai lwong vét Iy nhiét dung riéng
(C), d6 tir hoa (m) va md dun xodn ().

3.1. Nhiét dung riéng

Két qua mo phong nhiét dung riéng phu thudc nhiét
dd vai cac kich thude khac nhau L = 16, 32, 64 va 128
cho hai trudng hop dién hinh ¢ = 6 (hinh 1a) va g = 8
(hinh 1b) c6 hai dinh trong tmg v6i dau hiéu cta hai
chuyén pha. Khi nhiét d6 giam, két qua mé phong nhiét
dung riéng cho ca hai truong hop (¢ = 6 va ¢ = 8) clia
dinh thir hai c¢6 hinh dang tu, phu thudc vao kich thude
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(khi kich thu6c ting nhiét dung riéng dich vé phia nhiét
d6 thip), day 1a biéu hién cta chuyén pha KT tai nhiét
do T tir pha mét trat tu sang pha gia trdt tu [11]. Tuy
nhién, dinh thir nhit c6 biéu hién dang tu tai nhiét do T,
nhung khong phu thudc kich thudce (kich thude tang
dinh ¢6 dinh ma khéng dich v& phia nhiét do thap), diéu
nay cho thdy khé phan loai dugc chuyén pha dua vao
biéu hién cta dinh nay. Do d6, chung toi di xem xét dai
luong d9 tr héa va md dun xoén dé& xac dinh loai
chuyén pha cho hai truong hop nay, dac biét ving nhiét
do thap.

o1+ 7
o8 /
| [ 1=16 —
06 | 1=32
| =64 —=—i
[=128 =
04 1 1 1 1
0.4 0.6 0.8 1 1.2 1.4
T
(b)
1
16 18

Hinh 1: Su phu thuéc nhiét do cia nhiét dung riéng:
a)g=6vab)g=28

3.2. D¢ tir hod

Hinh 2 biéu din do tir hoa phy thudc vao nhiét do
véi cac kich thude L = 16, 32, 64, 128. Trong ca hai
truong hop g = 6 (hinh 2a) va g = 8 (hinh 2b), khi nhiét
do giam dan do tir héa co biéu hién 13 rang hai budc
nhay (déc biét voi cac kich thude mo phong 16n) tuong
{mg véi hai chuyén pha. Xem xét ki hon cho hai truong
hop nay, chung t6i thiy réng budc nhay & gén nhiét do
T, thé hién chuyén pha tr pha mat trat tu nhiét do cao
sang pha gia trat tu. That vy & vung 7> T, do tir hoa
bang khong thé hién pha mit trat ty, con trong ving 7}
< T < T, d6 tir hoa ciing ¢6 xu huéng tién cham vé
khong khi kich thudc L — oo day 1a dau hiéu chi ra pha

gia trat tu & ving nhiét d6 nay. Con ddi véi vung nhiét
d6 T'< T, thi d6 tir hod c¢6 xu huéng tién v& gia tri hitu
han véi moi kich thudc, day 1a biéu hién cua pha trat tu.

1

(a)

Hinh 2: Su phu thudc nhiét dé cua do tir hoa:
a)qg=6vab)g=3_8

3.3. Mé dun xodn

DPé lam sang to hon cho nhan xét Kké trén ddi véi do
tr hod, cling nhu phan bién lai nhitng quan sat trudc
day cho ring ra mé dun xodn lién tyc chi biéu hién
chuyén pha T, trong nghién ctru [4] va khong sir dung
duoc dai lugng nay trong nghién ctru chuyén pha [5, 9]
cho g > 5. Chung t6i di khao sat sy phu thudc vao nhiét
d6 cuia mod dun xodn (hinh 3) cho céc gié tri ¢ = 6 (hinh
3a) va 8 (hinh 3b) vdi cac kich thudc L = 16, 32, 64 va
128. Khi kich thude L taing, md dun x08n ¢6 biéu hién
budc nhay tai 75 va tién vé 0 & ving nhiét 6 7> T [4],
day 1a biéu hién cta chuyén pha KT tir pha mat trat tu
sang pha gia trat tu tai nhiét 4o 7. Két qua nay phu hop
véi cac nghién ciru trude [4, 5, 9]. Ngoai ra, khi quan
sat ¢ = 6, 8 & ving nhiét do thip, chung t6i, 1in dau tién
chi ra ring Y c6 biéu hién diém giy (ddc biét biéu hién
ndy rd rang hon khi ¢ 16n) gan 7). Pay chinh 1a déu
hiéu cua chuyén pha 7, va phi hop véi biéu hién
chuyén pha T, thong qua do tir héa. Viy, md dun xoén
lién tyc, ban than nd, co thé biéu hién ddng thoi hai
chuyén pha trong mé hinh g-state clock véi ¢ > 5.
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Hinh 3: Su phu thudc vao nhiét dé ciia mé dun

xodn: a) g = 6vab)g=38.
4. Két luan

Chung t6i da tién hanh nghién ctru hién twong
chuyén pha ctia mo hinh g-state clock trong mang hai
chiéu hinh vuoéng cho ¢ > 5 béng phuong phap mod
phong Monte Carlo. Ching t6i da tinh toan cac dai
luong vat 1y nhu 1a nhiét dung riéng, do tir hoa va mo
dun xoén. Nhi¢t dung riéng c6 biéu hién ctia hai chuyén
pha nhung khéng chi rd ban chit chuyén pha ving nhiét
do thép, dd tir hoa biéu hién rd rang chuyén pha nhiét
do thép gilra pha gia trat ty va pha trat tu. Dac biét, lan
dAu tién chi ra md dun xoén c¢6 diu hidu chuyén pha

gilra pha gia trt tu va pha trat tu.
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Helicity modulus in a g-state clock model

Luong Minh Tuan, Ta Thanh Long, Duong Xuan Nui,
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Article info Abstract

Recieved: We study the phase transition properties of the two-dimentional g-state clock model
18/02/2020 by an extensive Monte Carlo simulation. Several independent physical quantities,
Accepted: including the specific heat, the magnetization and the helicity modulus had been
10/3/2020

calculated for ¢ > 5. The specific heat and the magnetization shows the behavior of

two distinct phase transitions, including the higher phase transition, 75, between the

Keywords: . .

Materials science; disordered phase and the quasi-long-range ordered phase and the lower phase
Monte Carlo simulation; transition, 77, between the quasi-long-range ordered phase and the quasi-long-range
phase transition; ordered phase. The helicity modulus not only show that 7 is the Kosterlitz-Thouless

magnetic materials;

g-state clock model phase transition but also has signature of phase transition around 77.




