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εµ→0

∂x2

µ ∂x3
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〈na(x3)〉×

〈∂µ nb(x2)∂ν nc(x1)〉
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εabc〈∂µ nb(x)∂ν nc(x)〉= 0,
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ª¥εµ ≡ maxi,j ‖(xi)
µ−(xj)

µ‖, (i, j = 1,2,3)´4�

���ëê, �m^Sb½� (x)0 < (x1)
0 < (x2)

0 <
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0 < (x)0 +ε0.

é u . � K F(10)� ý � ² þ �, � A ^ 1 5

! ¥ � 5 � (1)—(3) í Ñ k � � .. 1 � �L2 =
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〈L2〉 = −m∗4
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〉
=
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〈φ†
1φ2
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{〈φ4φ

†
3〉〈φ2φ

†
1〉+

〈φ4φ
†
1〉〈φ3φ

†
2〉+〈φ†

1φ
†
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2Φ(x)Φ∗(x)Φ(x)Φ∗(x) .

ù p φi ≡ φ(xi) Ú εµ ´ (xi)
µ − (xj)

µ � � � � ê

(i, j=1—4), �m^Sb½� (x)0 < (x1)
0 < · · · <

(x4 )0 < (x)0 + ε0. d	, duþf|φ�kφÚφ†

�¦âk�"ý�Ï"�, ¤± 〈φ†
1φ

†
3〉 = 〈φ2φ4〉 = 0.

ò²;²þ�Aµ {P�Aµ, ��

〈[∇µφ(x)]†∇µφ(x)〉= 〈(∂µ φ†(x)∂µ
φ(x)+

igAµ(x)φ†(x)∂µ φ(x)− igAµ(x)∂µ
φ†(x)φ(x)+

g2Aµ(x)Aµ(x)φ†(x)φ(x)〉= lim
y→x−

[
∂µ

x ∂µy +

igAµ ∂µx−igAµ ∂µy
+g2AµAµ

]〈
φ†(x)φ(y)

〉
,

|^ (9)ª, ��Ñ 〈[∇µφ]†∇µφ〉= [∇µΦ(x)]∗∇µΦ(x).

2(Ü (13)Ú'Xª 〈Bµν(∇µφ)†∇νφ〉 ∝ 〈Bµν〉 = 0,

��

〈LD〉=
3m2

2g2
|(∂µ−igAµ)Φ|2 . (15)

òª (14)Ú (15)�\� (10)¥, ��k�.�K

FLeff = 〈Ldual〉. 5¿, d15!¥�5� (2), úª

(10)¥�1n��²þ��"¿� 〈Bµν〉= 0. u´

Leff =−1

4
F 2

µν+
3m2

2g2
|∇µΦ|2−λ

2

(
|Φ|2− 1

2

)2

−λ

8
. (16)

ò Φ  I Ý ¦ � C ¤ ä k � þ þ j � þ:√
3

2

m

g
Φ(x) → Φ(x), �Ñ (16)ª¥�N\~ê, �

�k�éóAH�.

Leff =−1

4
F 2

µν + |(∂µ−igAµ)Φ|2−V (Φ) , (17)

T�.3éó��Nã�¥Q��¤QCDB4��

k�nØ. ùp, ³V (Φ)äk$Üxl/ª

V (Φ) =
λ̃

4
(|Φ|2−µ2)2.

Ù¥ λ̃ = (8g2/9)(m∗/m)4, µ = (
√

3m/2g) > 0.

7 ý�0��a.

dm∗4 = 〈(n, dn×dn)2〉¤(½����þIÝ

�^15!¥�5�(1){z. |^'Xª (7)ÚWick

½n, ��

m∗4 = εabcεmkl[〈∂µ nb ∂µ
nk ∂ν nc ∂ν

nlnanm〉] =

εabcεmkl[〈∂µ nb ∂µ
nk〉〈∂ν nc ∂ν

nl〉〈nanm〉+

〈∂µ nb ∂ν
nl〉〈∂ν nc ∂µ

nk〉〈nanm〉+

〈∂µ nbnm〉〈∂ν nc ∂ν
nl〉〈∂µ

nkna〉+ · · · ] =

εabcεmklδ
bkδcl〈(∂µ n1)2〉2〈nanm〉=

8

9
m4,

Ïd�� λ̃ =

(
8g

9

)2

. ^ü4��þ�

mΦ =
√

λ̃µ =
4
√

3

9
m, (18)

§Ú (1)¥�mF äk�Ó�þ?. ù�, YMý�

� ç É a q ½ n � b 	 C þ ¿ � X ^ ü 4 é 

(mΦ � 1), ù�²�¯¢½5/�ÎÜ. 3ù�¿

Âþ, �©éó��ã�
[1, 2]

¥JÑ��.ª (17)¤

���NGinzburg-Landau�.�éó�..

�. (17)ª3Ù{¿��U�Φmin = µ?�gu

é¡»"¦Aµ ¼�
���þmA. ù�ÏL²£

Φ(x)→µ+Φ(x)éN´�y. (J´

mA =

√
3

2
m. (19)

¯¤±�, �. (17)ª�3Nielsen-Olesenµ^

). �Nielsen-Olesenµ^�~�Uþ�d/¤��

gµ4�µ^�, �.(17)ª�µ^)��.(1)ª�

Û(µ^)���. lª(18)Ú(19)¥�ÑGinzburg-

Landauëê´

κ =
mΦ

mA

=
8/9√

2
, (f1.a). (20)

(20)ª�ýÿÚë�©z [8]�Ñ�
√

2κ = λ/ξ = 0.85

�~��, L²SU(2)�fÄåÆ�ý�a.´f1
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. aéó��N, �~�Cu1 . aÚ1 / aéó

��N�>..

�§ (17)¥�k�Mexico-hat/ª�³V (Φ)´

d0�Ïf 〈Z(φ)〉²þ���¯¢L², YMý�

´“^”a.�. ÏfZ(φ)3 (3)¥å��_^���

^. ù�:ëÓéóAH�.�í�2g|±rÍÜ

YMý�Ly���d�þ^ü4|¤�0��(

Ø. Tã���±ÏLòrÍÜYMnØ��u�

��¥�Iþ>ÄåÆ5?�Ú`², Ù¥���µ

0��ý�Ly���Ó¼C��|Aµ ÚIþΦâ

f�çÉ.

8 éóÔí�§9Ù?Ø

�
wÑ��6ý��|Ú>5�, ¦)éó

AH�. (17)�$Ä�§,=2ÂéóÔí�§. 3â

Ô[5� (∂µ Aµ = 0)e, (17)ª�$Ä�§�
[19]

∂ν F µν = −ig(Φ∗ ∂µ
Φ−∂µ

Φ∗Φ)−2g2|Φ|2Aµ , (21)

∇µ∇µΦ = − λ̃

2
[|Φ|2−µ2]Φ. (22)

�
w�éóòdB�A, ·�Ïé��Îé

¡ µ ^ ). � Î � I X (r,θ,z), r2 = x2 + y2. �

A(r,θ) = θ̂A(r) = Aθ , Φ(r,θ) = ρ(r)einθ . K^|�

B =∇×A = ẑ
1

r

d

dr
[rA(r)]. q�A(r) =

n

gr
[1−F (r)],

B(r) =− n

gr
F ′(r). ª¥, “ ′ ”�Lér ��û. K�§

(21)Ú (22)�©Oz{�

F ′′− F ′

r
+2g2ρ2F = 0. (23)

ρ′′ +
ρ′

r
− n2F 2

r2
ρ− λ̃

2
ρ[ρ2−µ2] = 0. (24)

3>.^�F (∞) → 0, ρ(∞) → µ (�r →∞�)

ÚF (0) → 1, ρ(0) → 0(�r → 0�)�e, ©z [6]Ú

[20]Q?1Lê�O�. ëìÙ(J��§ (23)Ú

(24)¥�B(r)Úρ(r)�)/ª©O�

B(r) = Bz(r) = B0

[
b

1.8319λ2

1

cosh(r/λ)
+

2(1−b)

δ2
exp

(
− r2

δ2

)]
. (25)

ρ(r) = µtanh(2λr/δ2). (26)

Ù¥B0, b, λ, δ ´�½ëê. duÚ^|B(r)�kz

��©þBz(r)�", C��^ü46k(r)�k�

 �©þkθ(r)�",��âéóS�½Kk = curlB,

��^ü46©Ù

kθ(r)=B0

[
b

1.8319λ3

tanh(r/λ)

cosh(r/λ)
+

4(1−b)

δ4
exp

(
−r2

δ2

)]
.

(27)

�n = 1�, qdB(r) =− n

gr
F ′(r)�)ÑF (r) =

−g

∫
rB(r)dr �

F (r) = 0.172g

(
(b−1) exp

(
−r2

δ2

)
−

0.546b

λ

(
r arctan

(
2 exp(−r/λ)

1−exp(−2r/λ)

)
+

∞∑

i=0

(−2 exp(−(4i+1)r/λ)

(4i+1)2
+

2 exp(−(4i+3)r/λ)

(4i+3)2

)))
. (28)

Ù¥®�B0 = 0.1719. d (17)ª�±íÑü �Ýþ

�UþE =

∫2π

0

dθ

∫∞

0

rε(r)dr �

E =2π

∫∞

0

r

[
1

2

(
n

gr

)2

(F ′(r))2+

(n

r

)2

(F (r))2(ρ(r))2 +(ρ′(r))2 +V (ρ)

]
dr. (29)

^ÎÒO�^�¦È©ª (29)�4��, ½Ñ

b, λ, δ ��, �Ñe¡ü�ã/. ã1¥���Ñ


Bz(r)Úkθ(r)�r �65; ã2�Ñ
F (r), ρ(r)Ú

ε(r)�r �65, ã¥ε0 = 0.0033MeV, R =1fm. dã

�±wÑµ^	�0�éÚ>|�3éóòdB�

A, �7µ^¶k^ü4�6©Ù.

ã 1 Bz(r) Ú kθ(r)

�r �65

ã 2 F (r), ρ(r)

Úε(r)��65

9 (Ø

Äuéä©)Cþ�b	/ù	©l, ·�JÑ

YMý��rÍÜ4�3²;|Ø¿ÂeLy���

Ú�m�çÉ. dd, ·�y²3rÍÜYMnØ¥�

3éó��N). 3þfY²e, rÍÜnØ���

6ý��d^Ö�õâfNX�¤, nØ�²;C
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q�ÑéóAH�.. T�.ýóéó��ý� u

1�a�1�a��N>., ù��C��:�[(

J���. ÏL¦)éóAH�.·��?Ø
Ú>

|�µ^)ÚéóòdB�A.
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Dual Superconductor Vacuum in Strongly-Coupled

Yang-Mills Theory *

JIA Duo-Jie1,2;1) AI De-Zhen1

1 (Institute of Theoretical Physics, College of Physics and Electronic Engineering,

Northwest Normal University, Lanzhou 730070, China)

2 (Interdisciplinary Center for Theoretical Study, University of Science & Technology of China, Hefei 230026, China)

Abstract Based on the ultraviolet/infrared scale separation of the connection decomposition variables, we propose

that at the classic level the strong-coupling limit of the Yang-Mills theory vacuum behaves as a black hole with regard

to colors. With this idea, we prove that there exists a dual superconductor solution for the strongly-coupled Yang-

Mills theory, whose vacuum is made up of a many-body system of magnetic charges at the quantum level. The classic

average of the theory reproduce the dual Abelian-Higgs model. This model predicts a result which is consistent with

recent lattice simulations. The vacuum of the SU(2) gluodynamics is at border between type-.and type-/. The dual

Meissner effect of Chromo-electric field is discussed by solving the dual Abelian-Higgs model.

Key words Yang-Mills theory, dual superconductor, black hole, dual meissner effect
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