
No lS_Mar2020|S6 15-Thang 3 nSm 2020jp 5-9 

T A P CHi K H O A H Q C DAI H Q C TAN TR.-\0 

ISSN 2 3 5 4 - 1 4 3 1 

htlp //ickh daihoctamrao,edu.vn/ 

M6 dun xoan trong mo hmh q-state clock 

Luang Minli Tudn'^'. Tg Tlianh Long". Dirang Xuan Nui°' 

Dao Xuan Vief, Nguyen Dire Trung Kien" 

° Trir&ng Dai IIQC Bach khoa I!a Npi 
''Tnnrng Dai hpc Xdy dimg. Ha \6i 
'Tniong Dai hpc Lctm nghifp Ha NQI 

Email: luanlm(3'nuce edu.vn 

Thong tin b i i viet 

Ngay nhgn bai: 
S8-'02/2020 
Ngayduy^l dang-
10'3'2020 

Tiikhda-
Kboa hpc vgl li^ii; 
mo phong Monle Carlo: 
chuyen plia; vgl h^u ik, 
nio hinh q-slale clock. 

Tom tat 

Chung toi nghien cuu hien tuong chuyen pha ciia mo hinh ^-state clock hai 

chieu bang phuong phap mo phong Monte Carlo Chung loi tinh todn cdc dqi 

lucmg vat ly nhu la' nhiet dung rieng, dp tir hoa va mo dun xo5n cho q> 5 (cy 

the 9 = 6 va 8) Nhi^t dung neng va do tir hoa chi ra mo hinh co hai chuyen 

pha, bao gom chuyen pha Iren, T^, giffo pha mat trai t(r va pha gia irat ttr va 

chuyen pha duoi, Ti, giOa pha gia trai tî  \'ii pha trai lu Mo dun xo5n khong 

nhiJng chi ra 7"; la chuyen pha Kosteriilz-Thoulcss ma con co bicu hien ciia 

chuyen pha 7", 

1. Giui thieu 

Mo hinh 2D ^-state clock dutyc quan tarn nghien 

CUT! hien tuong chuyen pha trong nhieu n3m [1, 2, 3. 4, 

5) Mo hinh nay la tong qual hoa cua mo hinh 2D Ising, 

nhung m6 hinh nay tro thanh mo hinh 2D XY khi so 

trang thai q tien ten v6 ciing Mo hinh 2D Ising co 

ehuyCm pha bac hai giifa pha mat Iral tu va pha trai tu 

M6 hinh 2D XY co chuyen pha Koslerlitz-Thouless 

(KT) giCa pha mat Irat tu va pha gia irjt tu [6] Chuyen 

pha KT la mot trong nhQng khai mem quan trong trong 

vat Ii thong ke vi no co the giai Lhich duo'c cac pha va 

chuyen pha Irong lop chuyen tiep Josephson [7], mang 

tinh tile long [8] Thu vi a ch6, chuyen pha KT xuat 

hicn trong mo hinh g-state clock tuy thuoc vao so trang 

lliai q ciia vecta spin 

Chuydn pha ciia mo hinh ^-state clock duoc nghien 

cuubilngly thuyet [1] va kliang dinh lai bing mo phong 

so [2, 3, 4] Cac lac gia ciing dong ihuan cho rang mo 

hinh ^-state clock chi co mpt chuyen pha bac hai cho q 

< 5 va hai ehuydn pha KT neng biel 6 nhiet do xac dinh 

h va 7 ; (T; > r , ) cho 7 > 5 Pha a giOa cac nhiel do nay 

la pha gia trat ttr giong nhu mo hinh XY diroi nhi^t dp 

chuyen pha KT, pha U-en f: la pha mat Iriit l\f, va pha 

dudi 7"i la pha trat tu [2] 

Cac nghien ciiu mo phong cho mo hinh ^-slate 

clock sau nay tap trung ^̂ ao cac van de i) tranh luan 

ehuydn pha la KT hay khong phai la KT. ii) dai lupng 

vat ly nao mo ta dupc chuyen pha ciia mo hinh nay. 

N3m 1982, dua Iren bieu hien cua nhiet dung neng, dp 

lir hoa va do tir tham Tobochmk va cong sy [3] da 

chung minh mo hinh ^-slale clock co hai chuyen pha 

KT neng biet voi 9 > 5. Nam 2010. Back va cpng su [4] 

cho riing mo dun xoSn ciia 9 = 5 khong lien ve 0 trong 

pha nhiet do cao, nen chmen pha lai 7"; kliong phai la 

chuyen pha loai KT Tac gia da so sanh bieu hien ciia 

mo dun xoan gitJa cac trudng hop 9 = 3, 4. 5, 6 va 

khang dinh mo hinh q-slalc clock chi co chuyen pha KT 

yen q >6 d day, mo dun xodn chi linh dupc nhiel dp 

chuyen pha tren Tj \ a khong co bieu hien ciia chuyen 

pha duai 7", 

Tuy nhien, mpl s6 nghien cuu nSm 2013 [5] va 

2014 [9], ling hp cac ket luan Irucrc do la hai chuyen 

pha ciia mo hinh 9-slalc clock thupc loai chuyen pha 
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KT cho 9 > 5 Kumano va cong su cho rang dinh nghia 

mo dun xoan hen tuc tinh qua goc xoln lien Uic khong 

pho hpp voi he co ^ i n gjan doan, vi the nhom dua ra 

dmh nghTa mo dun xoJn men (goi la mo dun xoin gian 

doan) duoc tinh thong qua mot goc xoin rdi rac cho he 

spin gian doan Cac tac gia khang dinh mo dun xoan roi 

rac CO bieu hien dong then 2 chuyen pha T, va 7"; trong 

mo hinh 9-slate clock Sau do, Back va cong su da cong 

bo mpt nghien ciiu khac [10] trong do tac gia tinh toan 

mo dun xoan hen tuc cho mo hinh ^-siate clock voi 

dieu kien bien khac Mot lan n&a tac gia nhan dmh mo 

dun xoan lien luc co the mo la chuyen pha Irong g-slate 

clock vol q > 5, nhung van chi bieu hien cho chuyen 

pha T; 

Tir day dat ra cau hoi ring mo dun xoan gian doan 

xac dinh duoc dong tlioi nhiel do chuyen pha T] va T^, 

vay mo dun xoSn lien tuc c6 xac dinh duoc dong thoi 

nhipt dp cliuyen pha T\ va T; vm q > 5 hay khong'' Do 

do, Irong bai bao nay chiing loi nghien eim mo phong 

mo hinh ^-state clock tap Irung tinh loan cac dai lutyng 

la nhict dung rieng, dp lu hoa va mo dun xoan lien tuc 

cho 9 > 5 (cu the 9 = 6 va 8) bJng phucmg phap mo 

phong Monte Carlo 

2. Mo hinh va phirong p h i p 

Mo hinh 2D ij-slate clock (con gpi la mo hinh dong 

ho q trang thai), a day. vector spm co q huong {q = 2, 3, 

4, ) cac huong nay each deu nhau mpt gpc. Mo hinh 

2D 9-stale clock nhu mot mo hinh uung gian giita hai 

mo hinh 2D Ising (q = 2) va mo hinh 2D XY (-7 — ^ } 

Mo hinh 2D 9-state clock dupc mo ta boi ham 

Hamilton sau [1,2] 

H^-jYcosiO,-ej), (1) 

trong do a, / i , voi JI = 0, 1, 2 ., !a eoc ciia 

spin thu I vol UTIC X.J= 1 la hang so luong lae trao doi 

giQa cac spin 

Chiing toi hen hanh mo phong MC cho mang hai 

clueu hinli \"u6ng co kich thuoc .\' = L^L, vcti i = 16, 

32. 64. I 2S va ap dung dieu kien bien tuan hoan De 

dua he ve trang tiiai can bang chiing 161 sii dung ket hop 

giOa tliuat itian Mcuojiolis va thuat loan Wolff Trong 

do, mot buoc MC (MCsi duoc djnh nghia bang 1 buoc 

Wolff va 1 buoc Metropolis Dieu kien can bang da 

duoe kiem tra thong qua su bang nhau ciia nhiei dung 

neng linh theo cong thue thong ke va theo bien Uuen 

nhiet do Chiing loi chay 5 mau de linh trung binh va sai 

so cua cac dai lucmg vat Ii b Jng phuong phap Jackknife 

Cac dai lupng vat ly thong ke dupc chiing tdi trinh 

bay trong nghien ciiu nay gom 

NTiiet dung neng dupc dinh nghia theo bicu thue 

[3]. 

trong do E = (H) va e = E/X 

Do tir hpa la mOl tliam so bieu Ihi dp trat ly trong 

cac mo hinh tir, hay noi each khac do til h6a ciia cac mo 

hinh tir chinh la tham so trat ly, va dupc tinli llieo cong 

thirc nhu sau [9] 

(3) 

Mo dun xoSn hen tyc dupe dinli ngliia nliu sau [4] 

-ie)~{r) (4) 

Trong do, e = l/L' ^ c o s {e, -0^) 14 

nang lucmg lien ket giCta cac spin lan can iheo tryc x 

linh cho mpt spin, s = XJ1} X /, \ ^ ' " ('^. - ^^ ) do 

su thang giang (sy quay) cua cac spin Iheo tryc x voi 

long lay tren lai ca cac lien ket theo mpt huong va 

(• • •) la Uung binh nhi?t dpng lyc hpc. 

3. Ket qua va thao luan 

Trong muc nay chung toi trinh bay ket qua mo 

phong Monte Carlo va thao luan doi vdi mo hinh q-

slate clock cho mang hai chieu hinh vuong vdi ? > 5 (cy 

the qr = 6 va 8) cho cac dai lucmg vat ly nhiet dung neng 

(O- do til hda (w) va md dun xoin (T) 

3.1. Nhiet dung rieng 

Kei qua md phdng nhiet dung rieng phy thupc nhi^t 

do vdi cac kich thudc khac nhau L = 16, 32. 64 va 128 

ehp hai trudng hpp dien hinh q = 6 (hinh la) va 9 = 8 

(hinh lb) cd hai dinli luong ung vdi dau hieu cua hai 

chuyen pha Khi nhiel dp giam, ket qua md phong nhiel 

dung rieng cho ca hai Iruong hpp (9 = 6 va 9 = 8) cua 

dinh Ihii hai co hinh dang tii, phy thupc vao kich thudc 

(khi kich thudc tang nhiet dung neng dich ve phia nhiel 

do t h ^ ) , day la bi6u hi^n ciia chuyen pha KT lai nhiet 
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do T; tu pha mat Iral ty sang pha gia trat ty [111 Tuy 

nhicn. dmh thii nhat cd bieu hien dang tii tai nhiet do Ti 

nhung khdng phy thupc kich thudc (kich thudc tang 

dinh CO dinh ma khong djch ve phia nhiel dd thap), dieu 

nay cho thay kho phan loai dupc chuyen pha dua \'ao 

bieu hien ciia dinh nay Do dd, chung toi di xem xet dai 

lupng dp til hoa va md dun xoin de xac dinh loai 

chuyen pha cho hai trudng hpp nay, dac biel viing nhiet 

dp thap 

dd 7" < 7] thi dp tir hoa cd xu hudng lien ve gia tn hihi 

han vdi mpi kich ihuoc, day la bieu hicn ciia pha trat ly 

-
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Hiiiii J. Sirpiiii llnipc iilii^l do cua nhiel dung neng. 

a)q=6vab)q-8. 

3.2. Do tir hod 

Hinh 2 bicu dien dp tir hpa phy thudc vao nhiet dp 

vpi cac kich thudc L ~ 16, 32, 64, 128- Trong ca hai 

trudng hpp q = 6 (hinh 2a) va 9 = 8 (hinh 2b), khi nhiet 

do giam dan dp lit hda co bieu hien ro rang hai budc 

nhay (dSc biel \'oi cac kich thudc md phdng Idn) tuong 

ling vdi hai ehuyen pha Xem xet kT hon cho hai yydng 

hop nay, chiing toi thay rang budc nhay d gan nhiel do 

7"; the hien chuyen pha tii pha mat yat tu nhiet dd cao 

sang pha gia trat ty That vay d \aing T> T; dd tir hoa 

bang klidng the hien pha mat trat tu. con trong \-ung T, 

< r < 7"; dp tir hoa ciing c6 xu hudng lien cham ve 

khdng khi kich thudc Z, —* » day la dau hicu chi ra pha 

gia trat tu a viing nhiet dd nay Cdn doi vdi \'iing nhiet 
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Hinh 2- Sirpfiu ihitqc nhifl £?p ciia dp lir hod: 

a) q = 6 vd b) q = 8. 

3.3. Mo dun xoan 

De lam sang td hem cho nhan xet ke tren doi vdi dp 

tit hoa, ciing nhu phan bien lai nhiing quan s^t trudc 

day cho rang ra md dun xoin hen tyc chi bieu hien 

chuyen pha T; trong nghien cuu [4] va khdng .su dyng 

duoc dai luong nay trong nghien eim chuyen pha [5, 9] 

cho ij > 5 Chiing tdi di khao sat su phu thupc vao nhiel 

do ciia md dun soan (hinh 3) cho cac gia tn 9 ^ 6 (hinh 

3a) va 8 (hinh 3b) vdi cac kich thudc 1 = 1 6 . 32. 64 va 

128 Khi kich thudc L lang. md dun xoan co bieu hien 

budc nhay tai 7": va lien \'e 0 d Ming nhiet dp T > Tn [4], 

dav la bieu hien ciia chuyen pha KT lir pha mat yat tu 

sang pha gia trat tu lai nhiet dd 7"; Ket qua nay phii hpp 

vol cac nghien cini tnioc [4. 5, 9] Ngoai ra, khi quan 

sal 17 = 6, 8 d \'iing nhiet dd thap. chiing tdi. lan dau lien 

chi ra rang I' cd bieu hien diem gay (dSc biet bieu hien 

nay ro rang hon khi q Idn) gan T] Day chinh la dau 

hieu cua chuyen pha 7"i •va phii hop vdi bieu hien 

chuyen pha Tj thong qua dp tir hda Vay. md dun xoSn 

hen tuc, ban than nd, cd the bieu hien dong thdi hai 

chuven pha yong md hinh 9-state clock vdi 9 > 5 
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Hinh 3: Sir phu ihiioc vdo nhi^l do ciia mo dun 

xoan: a) q = 6 va b) q= 8-

4. Ket luan 

Chung tdi da lien hanh nghien ciru hien tupng 

chuyen pha ciia md hinh ^-state clock yong mang hai 

chieu hinh vudng chp q > 5 bing phuong phap md 

phong Monte Carlo Chiing Idi da linh loan cac dai 

lupng vat ly nhu la nhiet dung neng, dd tir hoa \ a md 

dun xoin Nhiel dung rieng cd bieu hien cvia hai chuven 

pha nhung khdng chi ro ban chat chuyen pha vimg nhiet 

dp thap, dd lir hda bieu hien ro rang chuyen pha nhiet 

dp thap gifla pha gia yat tu va pha yal tu Dac biet, lan 

dau lien chi ra md dun xoSn cd dau hicu chu\en pha 

giifa pha gia yat hj va pha yat tu 
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We study the phase yansition properties of the tu o-dimenUonal ^-stale clock model 

by an extensive Monte Carlo simulauon Several independent physical quanUUes, 

including Ihe specific heal, Ihe magneUzalion and the helicity modulus had been 

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

two distinct phase yansilions, mcludmg the higher phase yansition, Ti, between tJie 

disordered phase and Ihe quasi-long-range ordered phase and the lower phase 

yansition, T\, between the quasi-long-range ordered phase and ihe quasi-long-range 

ordered phase The helicity modulus not only show that 7"; is the Kosterlitz-Thouless 

phase yansilion but also has signature of phase transition around T] 


