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O(n) �.��L«
·�¬�þO(n)�.��(Ø

O(n) g^�.

O(n) g^�.(g^ u¬��:þ)

H = − J

kBT

∑
〈i,j〉

ε(~Si · ~Sj)

~Si�n�¥þ, �p�^÷v O(n) é¡5§�¡ O(n) �.

n = 1, Ising�.

n = 2, ²;XY�.

n = 3, ²;Heisenberg�.
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O(n) �.��L«

�©¼ê(g^/ª)

Zspin =

∫ ∏
<i,j>

w(~Si · ~Sj)
∏
k

d ~Sk

1. Ðm¤õ�ª 2. È©Kg^Cþ

�k/¤�(Loop)��Ø�"=⇒ O(n) �.��L«

Zloop =
∑
G

xNbnNl

z�ã/G�L��(Ø�"�), x = J/kBT ”�”�, Nb�ê,
Nl�ê
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��;. /, 3�©¼ê¥��z�x16n2

3�L«¥n�±´ëY�¢ê,$�´"!

~X: n = 0, �±£ãàÜÔ(Polymer)

H©Semail: waguo@bnu.edu.cn O(n)�.�C��.1��ïÄ



�.
ó�£�

O(n)n�.5�°(A5

O(n) �.��L«
·�¬�þO(n)�.��(Ø

·�¬�þO(n)�.®�(Ø

Nienhuis�<�ó�, ¥ÕíN(CG)�{

H©Semail: waguo@bnu.edu.cn O(n)�.�C��.1��ïÄ



�.
ó�£�

O(n)n�.5�°(A5

O(n) �.��L«
·�¬�þO(n)�.��(Ø

�ã

·�¬�þ� O(n) ��.��.�:�.:��n�¼ê
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O(n) �.��L«
·�¬�þO(n)�.��(Ø

��.�CÔnA5�Monte Carloü«

n=1.5
x=0.58(p§�) x=0.61($§�)

3�.:, Ã����m©Ñy

Sëþ�½Â�uyÃ����VÇ

H©Semail: waguo@bnu.edu.cn O(n)�.�C��.1��ïÄ



�.
ó�£�

O(n)n�.5�°(A5
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�.�ê

n = −2cos(πg), 1 ≤ g ≤ 2 ´¥ÕíN�^~ê

yt =
1

ν
= 4(1− 1

g
) = 2−Xt

yh = 2− η/2 = 1 +
3g

8
+

1

2g
= 2−Xh

z�ØÓ�n�Ñ��ØÓ�Ê·a

5¿: n´ëY�¢ê
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CG�{1

1971, Kersterlitz and Thouless, XY�.: KT�C.

òg^�.N���p�^�>ÖíN:
µ/é�Uþ��u�K>Öé�³U.

éCG�.�RG©Û, ���.�ê.

SOS�.,Clock�.,²¡POTTS�.�.

A:: 'é¼ê�êP~, �ê6§Ý.
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CG�{2

1978, Kadanoff
ò���:�.L«�CGíN(>Ö�^Ö��)���Eâ(Ø
´î�N�).

Ashkin-Teller�., q-state Potts�., dimmer�., frustrated
Ising �., O(n)�.(·�¬�þ�)
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Ï~���.�êÏL�'�.�é�, ��Ê·aÒé�
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·�¬�þn > 2 �O(n)�.��C

Ü�ö:

Henk W.J. Blöte
Ö=Delftnó�ÆÚ4î�Æ

Î{�

{IÜ��Æ
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n > 2�´Ä�3�C½�.y�?

1.�Xn�O�, �n = 2�, �C´�~f�KT�C:
'9ØuÑ,$§�vk�§S

2.KuntzÚÎ{�(JPA, 1988): 3n > 2�«�, )Ûy²�©¼
êvkÛÉ5
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Monte Carlo �[

n=10 �
ã: p§ mã:$§

�����Ývk�XÚº�uÑ: éØ�Ã¡���! vk�

5¿Â��C

��xv
��, �3·�¬��n@f¬�¥ÀJ�@Óâ,
l��é¡»"!
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Ôn©Û�ê�(J

Zloop =
∑
G

xNbnNl

né��, XJxv
�, XÚF"�ê�õ�Ð!

�æÈ�ª»�
n�f¬��é¡5: 3�Potts�.�C�´
»�né¡5

ê�=£Ý
=⇒ �C��.�ê, y¢áun�PottsÊ·a
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���: H©S, Blöte, Î{�, PRL, 85, 2000
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��.�MONTE-CARLO�[�{1

1. � .�L«:
±éó¬�þ�Isingg^(ü«ôÚ)�©.¡L«

2. �{(Metropolis�{):

�½ .Γ, �w(Γ) = xNbnNl ,

eéó¬�þ,�g^�=(CÚ)⇒
# .Γ′, �w(Γ′) = xN ′

bnN ′
l

±AÇp = w(Γ′)
w(Γ)+w(Γ′)û½´Ä�Éù�# ..

ù��)� .S��±��ÚO���5O�Ônþ.
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��.�MONTE-CARLO�[�{2

3. Cluster�{

Deng�, =òuLcond-mat/0608447
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Ü�ö:

Henk W.J. Blöte

Ö=DelftnóÚ4î�Æ

Henk Hilhorst

{IUniversite de Paris-Sud
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g^�.vk�§S´ÄÒüØ
�C��U?

1 Wegnar-Mermin½n:
üØ
��n ≥ 2�O(n)�.k�§S��U

2 an�Potts�CØ3g^�.�Ônëê��

(Ï�w(~Si · ~Sj)���CqL�1 + x~Si · ~Sj)

�Y´Ä½�:
g^�.��CØ�u)3kÃ�§S���m

H©Semail: waguo@bnu.edu.cn O(n)�.�C��.1��ïÄ



�.
ó�£�

O(n)n�.5�°(A5

·�¬�þn > 2 �O(n)�.��C
��O(3)�.(²;Heisenberg�.)��C

g^�.vk�§S´ÄÒüØ
�C��U?

1 Wegnar-Mermin½n:
üØ
��n ≥ 2�O(n)�.k�§S��U

2 an�Potts�CØ3g^�.�Ônëê��

(Ï�w(~Si · ~Sj)���CqL�1 + x~Si · ~Sj)

�Y´Ä½�:
g^�.��CØ�u)3kÃ�§S���m

H©Semail: waguo@bnu.edu.cn O(n)�.�C��.1��ïÄ



�.
ó�£�

O(n)n�.5�°(A5

·�¬�þn > 2 �O(n)�.��C
��O(3)�.(²;Heisenberg�.)��C

��5Heisenberg�.

·�Ú\��5 O(3) �.

H = −2K
∑

<i,j>

[(1 + ~si · ~sj)/2]p

p ��5rÝ
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p§�$§Ðm

MONTE CARLO�[
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SU�MonteCarlo�[
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�ã

ü�ØÓ���§S��m��C:
�?,ª���Ising�.:, aquð��C

1.3
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1.4

1.45
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1.55
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1.65
1.7

10 15 20 25 30 35 40

K
c

p

���: Blöte,H,Hilhorst, PRL. 88 2002.
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1 O(n)�.

O(n) �.��L«
·�¬�þO(n)�.��(Ø

2 ·�ó��£�
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O(n)n�.5
nØ©Û
ê��y

O(n)n�.5�°(A5

Ü�ö:

Henk W.J. Blöte

Ö=Delftnó�ÆÚ4î�Æ

Bernard Nienhuis

Ö=Amsterdam�Æ
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O(n)n�.5�°(A5

O(n)n�.5
nØ©Û
ê��y

n�.5�Ú\

Ú\� , �±¼�n�.5(X: n = 0Ún = 1��/).

ùp·�?Ø���n:

Zspin =
∑
L

vNv(1− v)N−Nv

∫ ∏
i|L

d~Si

∏
〈ij〉

(1 + x~Si · ~Sj)

z��L«

Zloop =
∑
G

vNv(1− v)N−NvxNbnNl
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¹� �O(n)��.�;. /

 /��:

v2(1− v)18x16n2
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O(n)n�.5
nØ©Û
ê��y

�.�n�.1�

x

v

Low T

High T

Line

First Order
Line

Tricritical Point

Critical

·�a,�:
1. n�.:��n�¼ê
2. n�.:Ê·1���n�¼ê
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O(n)n�.5
nØ©Û
ê��y

�¢

®�:
�.O(n)�. �du n�.q = n2�Potts�.

@o´Ä

n�.O(n)�. �du n-n�.q = n2�Potts�.?
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O(n)n�.5
nØ©Û
ê��y

Tri-tricritical Potts �.

High T
First Order
Line

Critical Line

OP go
es 

to 
0 a

t T
P

OP sta
rts

 to
 JU

MP to
 0

Tri−Tri Critical Point

w

v

x

Low T

Tricritical Point

¹4g^�^�DºPotts�.��ã(«¿ã)
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ß�

Conformal anomaly:

∆− 1

∆
= n =⇒ 2 cos

π

m + 1
= ∆ =⇒ c = 1− 6

m(m + 1)

IÝ�ê(�.�ê):

∆ =⇒ ∆j = 2 cos[kjπ/(m + 1)] =⇒ Xj = (k2
j − 1)/[2m(m + 1)],

Ù¥j = 1, 2 or 3, éA

∆1 = 1/∆, ∆2 = −1/∆, and ∆3 = −∆.
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ê�=£Ý
�{

Z

L

a

βZ
( M)M

M+1 ( M+1)

Z
(M)
β =

∑
G|β

vN
v (1− v)N−NvxN

b nN
l

Z(M+1)
α =

∑
β

TαβZ
(M)
β
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ê�=£Ý
�{

Ù¥=£Ý


Tαβ =
∑
α|g|β

vnv(1− v)L−nvxnbnnl

éuL×M �¡��XÚ(L���M��Ñ±Ï)

Z(L×M) = TrTM
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ê�=£Ý
�{

éuM →∞��Ã��XÚ:

=£Ý
�����⇒gdU�Ý

f(L) =
2

L
√

3
lnΛ0(L)

k�º�IÝ(3�.:?)⇒ Conformal anomaly c

f(L) = f(∞) + πc/(6L2)
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éuM →∞��Ã��XÚ:

=£Ý
����'�⇒'é�Ý(�±kA«ØÓ�:^'é,U
þ'é,.¡'é�)

1

ξi(L)
=

2√
3
ln

Λ0(L)

Λi(L)

½ÂIÝYXi(v, x, L)

Xi(v, x, L) =
L

2πξi(L)

÷v±ek�º�IÝ'X(3n�.:NC):

Xi(v, x, L) = Xi + a1t1L
yt1 + a2t2L

yt2 + a3uLyu + · · ·
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(½�.:Ú�ê

1 n�.:�(½:

Xi(v, x, L) = Xi(v, x, L− 1) = Xi(v, x, L− 2)

v(L) = v(tri) + aLyu−yt2 + · · ·
x(L) = x(tri) + bLyu−yt2 + · · ·

2 IÝ�ê�(½:

Xi(v(L), x(L), L) = Xi + cuLyu + · · ·
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Conformal anomalyÚ§ÝIÝ�ê
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|^c = 1− 6
m(m+1) , m´n�¼ê, *	KacL

Xi,j =
[i(m + 1)− jm]2 − 1

2m(m + 1)
,

·��ê�(JL²XhéAÙ¥i = m/2, j = m/2

ù�Xh��n�¼ê�°(��é�
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��: H, Nienhuis, Blöte, PRL 96, 2006
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