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Ngdy nhan bai: Ching 101 nghién ctru hién tuong chuyen pha cua mo hinh g-state clock hay

18022020 chitu bing phuong phip mé phong Monlc Carlo Ching tér tinh lodn cic da
Ngay duyét ding: luemg vt 1y nhu 14 nhiét dung niéng, do 1 hoa va mé dun xodn ¢ho ¢ > 5 (cu
103 2020

Tir khoa-

KNhoa hpc vir hiu:

md phing Monte Carlo;

thé ¢ = 6 v 8) NIt dung néng va dé tir hoa chi ra mo hinh ¢6 har chuyén
pha, bao gdm chuyén pha trén, 7s, @iits pha mat trit tu va pha gid trit W v
chuyén pha dugi, Ty, piira pha gia trit ty va pha trat tu M6 dun xodn khéng
nhimg chi ra T 1a chuyén pha Kosterhitz-Thouless méa con cd biéu hign cia

chrvén pha; vit héu tir,
mo hinh g-state clock.

chuyén pha 7,

1. Gigi thigu

Ma hinh 2D g-state clock dwge quan tim nghién
iy hién womg chuyén pha trong nbiéu nim (1. 2, 3. 4,
3] Mé hinh nav 13 dng qual héa ciia mé hinh 2D Ising,
nhung md hinh nav (ré hanh md hinh 2D XY klu s6
rang thiy ¢ uén 1 V6 cing Mo hinh 2D Ising co
chuyén pha bic har gara pha mat trat (v va pha w3t (u
Mo hinh 2D XY ¢6 chuyén pha Kosterlitz-Thouless
(NT) gtta pha mat trdt t va pha ga it ar [6] Chuvén
pha KT (3 mat rong nhimg khay mém quan trong trong
vl li thong ké vi né co thé gidy thich dwoe cdc pha va
chuyén pha trong ap chuyén tuép Josephson |7), ming
unh thé long (8] Tho vi & chd, chuyén pha KT uil
lién trong md hinh g-state clock 14y thude vio 6 rang
thir g cva véeto spin

Chuyén pha ciia mé hinh g-state clock duoc nghicn
ctnu bing 1 thuyét [1] va khing dinh la1 bing mé phéng
s6 {2, 3. 4] Cée tic gia cing dong thuan cho ring mod
hinh g-state clock chi cé mdt chuyén pha bac hai cho ¢
< 5va hai chuyén pha KT néng bict & nnét d6 xac dinh
Tyvad To(T2> T cho g2 S Pha g gitra cic nhiél dé nay

1a pha gié trat e @idng nhu'mé hinh XY dudi nhigt do
chuyén pha KT, pha trén 7+ 1a pha mét trét ty, va pha
ducn 7, 1a pha trit w |2)

Cic nghién ciru mé phong cho mé hinh g-state
clock sau nay tip rung vao cac van dé 1) wanh luin
chuyén pha Ja KT hay khong phai 1a KT. ii) dai luong
vit Iy nao mé 1a duoc chuvén pha cua mé hinh nay
Nim 1982, dua trén bidu hién cua nhiét dung néng, d¢
1ir hoa va do 1r thim Tobochnik va céng sv (3] da
chimg minh mb hinh g-state clock cé ha chuyén pha
KT néng biél vé1 ¢ 2 5. Nam 2010, Back v cong su [4)
cho ring md dun xodn cla g = 5 khang bién v¢ 0 rong
pha nhiét d6 cao, nén chuyén pha tai 7 khong phii la
chuvén pha loar KT Tac gia dd so sanh biéu uén ciia
md dun xodn giiya céc truong hop g = 3.4, 5, 6 va
khing dinh md hinh g-state clock chi co chuyén pha KT
vé1 g 26 O diy. mo dun xon chi tinh duge nluét do
chuyén pha trén T vé khong co bicu hién cia chuy ¢én
pha duo 7

Tuy nhién, mot sd nghién ciu ndm 2013 5] va
2014 [9). ing hé cic két luan wude db 13 har chuyén
pha ez mé hinh g-state clock thude loa chuyén pha
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KT cho ¢ > 5 Kumano va cdng su cho ring dinh nghia
mé dun Nodin hén tuc tinh qua goc xodn lién e \hong
pha hop ven hé o spin gian doan, vi thé nhom dua ra
dinh nghia mé dun xodn mén (go1 1a mé dun Nodn man
doan) duac tinh théng qua mét goe Nodn rén rac cho hé
spin gian doan Cic tic gia khang dinh mé dun xodn ron
rac o bidu hén dong thén 2 chuyen pha 7, va Ts trong
mo hinh g-state clock Sau dé, Back va cang su di cong
b3 mét ngén et Khae (10] trong do tie gii tinh toin
mo dun Xodn hén tue cho mé hinh g-state clock v
didu kién bicn khac Mat lan nira tic gra nhin dinh md
dun xoiin lién tuc ¢o thé mé ta chuyén pha trong ¢-state
clock ven ¢ > 3, nhung van chi biéu lnén cho chuy én
pha Ty

Tir day dacra ciu hér ring mé dun xodn gian doan
xac dinh duoc déng thén nhiét d6 chuyén pha Ty va 7+
viy mé dun xofin hén tuc co Nac dinh duoc déng thén
nhiét dé chuyén pha T, va 7y vén g > 5 hay khong? Do
do, trong bar bao ndy ching 3y nghién el md phong
mé hinh g-state clock t3p trung tinh todn cic dai luang
13 nluét dung riéng, 4o 1 hoa va mé dun xoin hén tuc
cho ¢ > 5 (cu thé g = 6 va 8) bing phuong phap mé
phéng Monte Carlo

2. Mb hinh vi phuong phap
M3 hinh 2D g-state clock (con gor 1a mé hinh déng

ho  trang thai), @ diy, veelor spin co g hudng (g = 2.3,

4, ) cde huong nay cich déu nhau mét goe. Mo hinh

2D g-state clock nh mét mo hinh trung gian gitra hai
mo hinh 2D Ising (g = 2) vd md hinh 2D XY (g — =)
Mo hinh 2D g-stale clock duoc mo ta bét him
Hanulton sau 1. 2}

H=-JY cos(6,-6,). )

w

27 . .
wong do 6, =——n . véin=0.1.2 . lagc cia

spi tht ) vor wue x. J = | 13 hing 6 nromg tac trao dé1
eilra cac spin

Ching &1 uén hanh mé phong MC cho mang hai
cinéu hinh vudng co kich thude \' = L, vor L = 16,
32640128 v ap dung diéu kién bién win hoin D&
dua hé vé trang thin can bing chung &1 str dung két hop
ilra (hudt dn Meuopolis va thudt toan Wolft Trong
do. mdt buoe MC (MCs) duoe dinh nghia bing | buée
WoliT vi | bude Metropolis Bicu kién ¢in bing da
Juee kiém tra thong qua su bing nhau cia nét dung
néng tinh theo cong thire thdng ké va theo bien tuen

nhi
58 cua ¢ac du luong vit li bing phuong phip Jackkme

¢t dd Chung 181 chay S miu dé unh trung binh vi =2t

Céc dar luong vat Iy théng ké duge ching 1 Uiah
bay rong nghign ciru nay gém

Nhiét dung néng ducc dinh nghia theo tiéu thie

trong dd E=(H) va e= E/N

Do tir hoa 16 mét tham sé bidu thi 4§ trdl W trong
¢dc mé hinb tir, bay noi cach khac dé wr héa cig vac mé
hinh (u chinh )i tham s6 tral 1, va ducc tinh theo cong
thie nhu sau (9]

2 E i
1 .
m=W (ZCOSQIJ +(Zsm9|] ®)]
M3 dun xodn lién tue duoe dinh nghfa nhu sau [4]
Y ={e)- <s:>. )

Trong 0. e=1/L'Y o cos (6, -5‘) 12

1
L'r

nang lugmg hién kél gda cac spin lan can theo ruc x
tinh cho mot spin, s = 1/} z o, S (0, - OI)dO

sur thang pifing (s quay) cua cac spin theo buc x vor
16ng 13y wén it ca cdc lién két theo mét huomg va
{++) 12 wrung binh nhiét déng luc hoc

3. Két qua vi thao luan

Trong muc ndy chung (5 trinh bay kél qua mé
phong Monte Carlo va thao luin déi vér mé hinh g-
state clock cho mang hai chiéu hinh vuong voi g > 5 (cu
1hé g = 6 va 8) cho cic dar luomg vat ly nhiél dung néng
(C). db tir hoa (m) va mé dun xodn (V)

3.1. Nhiét dung riéng

Két qua mé phéng nhiét dung riéng phu thuge nhiét
dd van cae kich thude khae nhau L = 16, 32, 64 va 128
cho hai trwang bop dién hinh g = 6 (hinh 1a) va g=8
(hinh 1b) ¢o has dinh Wwong g vor ddu hiéu cua ha
chuyén pha Khi nhiét do gram, két qua mé phong nhiét
dung néng cho ca hai tuong hop (g = 6 va g = 8) cua
dinh thr har ¢a hinh dang 10, phu thude vao kich thuge
(khy Kich thuoe ting nhidt dung néng dich vé phia nhiét
d6 thip). day la biéu lnén cda chuyén pha KT tar nhiét
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d6 T e pha mat trat t sang pha gia tét b [11] Tuy
nhicn, dinh thit nhat ¢6 biéw hién dang 1@ ta niwét 4 7,
nhung khéng phu thuée kich thuoe (kich thue ting
dinh ¢6 dinh i khéng dich vé phia nhiét do thap). diéu
nay cho thay kho phin loar duoc chuyén pha dua vio
biéu hién cua dinh nay Do dé, ching té1 di xem xel day
luemg do r héa va md dun Nodn d¢ xac dinh loa
chuyen pha cho hay truemg hop nay, dac bigt ving nhiét

do thap
a0 (a)
32
, _
Y e
N (b)
" :
‘ T, .
. ° ~
2 . T

o8 1 12 14 a8
T

Hin 1. Sie phs thugc nhigt dg cia nhiét dung réng.
a)q=6vib)g =8

3.2. Dj nir hod

Hinh 2 bidu dién d6 tir hoa phy thude vao nhidt dd
vor cic kich thuge L = 16, 32, 64, 128. Trong ci ha
uudmg hop ¢ = 6 (hinh 2a) va ¢ = 8 (hinh 2b). Kht nhiét
dd giam din dg tir hoa c6 bidu hién 1& rang hai budc
nhay (dic biét vor cac kich thude mé phong 16m) tuong
(mg vér har chuyén pha Xem Xét ki hon cho hai lrong
hap nay, chiing to1 thay ring buege nhiv & gan nhiél do
7y thé huén chuvén pha 17 pha mat rat t nhiét 46 cao
sang pha gid trdt tw Thit viy & ving 7> 7= dé r hod
bing khéng hé hién pha mAt trat . con wong ving 7y
< T < Ty dd tr hod ciing ¢6 Nu huémg tién chim v¢
Khéng khu kich thuge L — = diy )a dau hiéu chi ra pha
§14 rat o ving nhiét dé nay Con dén vor ving ninét

do 7 < T thi dé tir hod co xu huemg tén vé id tn hin

han var mor kich thuroc. day la biéu hién cia pha trat e

' L‘ (a)

06
04

02

04 08 08 1 V2 1e

08
o6
E

04

02

Hinh 2. St phu thuge nhiét dé ciia dg tir hoi:
Gvab)g -8

aly
3.3. M6 dun xodn
Dé lam sang 16 hon cho nhin et ké wén déi vér dg
tir hod, clng nhu phan tién lai nhimg quan sét trude
diy cho ring ra mé dun sodn hién tuc chi bidu hién
chuvén pha 7y trong nghién ciru [4] va khéng st dung
duoc dar hrong nay trong nghién cir chuyén pha |5, 9]
cho ¢ > 5 Chang (61 di khao sat su phu thude vio nhiét
do cua mé dun xoin (hinh 3) cho cic gia tn g = 6 (hinh
3a) va 8 (hinh 3b) von cac kich thuge L = 16, 32, 64 va
128 Khi kich thude L tang, mé dun xodn co bicu hién
bude nhiy tai s va tién vé 0 & ving nhiét do 7> T [4).
diyv 1a bicu hién cua chuyén pha KT 1ir pha mét tral
sang pha gia Urdl W tai nhiét 36 72 K& qua nay phu hop
vén cae nghién clru ruoe 4.5, 9) Ngoa ra, kht quan
sit g = 6.8 & ving nhiét da thap. chiing 161, lin dau tén
chira ring ¥ ¢ bidu hién diém gy (dic bict bidu hyén
nay & ring hon khi ¢ lom) gin T, Day chinh I3 ddu
lwéu cva chuyén pha T, va phi hop vér bty hign
chuvén pha 7; théng qua do trhéa Vay, mé dun xodn
lién e, ban than no, co the bidu hién ddng tha hat
chuyén pha trong mo hinh g-state clock v ¢ > 5
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Hinh 3: Sir phu thuce vao nhiéi d cria mé dun

xodn: alq = 6vab)g=8.
4. Két ludn

Ching 160 d3 uén hanh nghién ciru hén wong
chuyén pha cia mé hinh g-state clock trong mang hai
chiéu hinh vuéng cho q > 5 bing phuong phip md
phong Montc Carlo Chung 16i d3 tnh toin cic da
lremg viu Iy nhw 13 nhiét dung néng. dé tir hod va md
dun voin Nliét dung riéng 6 biéu hidn cua hai chuyén
pha nhimg khong chi ré ban chat chuyén pha ving nhuét
d5 thp. dé tir hoa bréu hién b rang chuyén pha nhiét
dd thap gia pha gid rdt v va pha trat (v Die bidt, lan
ddu Lién ¢hi ra md dun xodn ¢6 ddu lndu chuyén pha
@i0a pha gra trat o7 va pha 3t
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We study the phase transiion properties of the two-dimentonal g-state clock model
by an extensive Monte Carlo simulation Several independent physical quantities,
inchuding the specific heat. the magnetization and the helicity modulus had been
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lculated for ¢ > 3 The specific heat and the magnenzation shows the behavior of
two distinct phase transitions, including the higher phasc transition, Ts, between the
disordered phase and  the quasi-long-range ordered phase and the lower phasc
transition, 7', between the quasi-long-range ordered phasc and the quasi-long-range
ordered phase The helieaty modulus not only show that T: s the Kosterlitz-Thouless
phase transition but also has signature of phase transjtion rround Ty




