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N
a

s = (s ,s ,s ,s ) (sμ = , , · · · ,Nμ) N
Uμ(s) = iagAμ (s) Aμ(s) ∈ su(Nc) g s = (s ,s ,s ,s )

N γ
γμ = γμ

Uμ(s) = iagAμ (s) �D= γμDμ

�Ds,s′ = a ∑
μ=

γμ
[
Uμ(s)δs+μ ,s′ −U−μ(s)δs−μ ,s′

]
,

μ μ U−μ(s) ≡ Uμ(s− μ) γμ

�D|n〉= iλn|n〉.
iλn λn ∈ |n〉

〈n|m〉= δmn, ∑
n
|n〉〈n|= .

{�D,γ }= γ |n〉 −iλn
ψn(s) ≡ 〈s|n〉

a ∑
μ=

γμ [Uμ(s)ψn(s+μ)−U−μ(s)ψn(s−μ)] = iλnψn(s).

Uμ(s)→V (s)Uμ(s)V (s+μ) ψn(s)

ψn(s)→V (s)ψn(s),

n
iϕn[V ] |n〉

〈qq〉=−
m→ V →∞

π〈ρ( )〉,
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ρ(λ )

ρ(λ )≡
V ∑

n
〈δ (λ −λn)〉

V

�D
D =DμDμ

�D

U±μ

〈s|U±μ |s′〉=U±μ(s)δs±μ ,s′ .

LP

LP = N V c{UN }=
N V ∑

s
c{
N −
∏
i=
U (s+ i )},

V = N N N N c c ≡ ∑s c c

Dμ

Dμ =
a
(Uμ −U−μ).

�D

�D= γμDμ =
a ∑

μ=
γμ(Uμ −U−μ).

Uμ ψn(s)

〈m|Uμ |n〉= ∑
s
〈m|s〉〈s|Uμ |s+μ〉〈s+μ|n〉= ∑

s
ψm(s)Uμ(s)ψn(s+μ).

〈m|Uμ |n〉= ∑
s

ψm(s)Uμ(s)ψn(s+μ)

→ ∑
s

ψm(s)V (s) ·V (s)Uμ(s)V (s+μ) ·V (s+μ)ψn(s+μ) = 〈m|Uμ |n〉.

n iϕn[V ] −iϕn[V ] = |n〉 〈n|

〈n|Uμ |n〉
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c(Uμ Uμ · · ·UμN ) = c∑
s
〈s|Uμ Uμ · · ·UμN |s〉

= c∑
s
Uμ (s)Uμ (s+μ ) · · ·UμN (s+

N−
∑
k=

μk)〈s+
N

∑
k=

μk|s〉=

∑Nk= μk �= N

N

Ni (i = , , )
N Ni > N

I ≡ c,γ(U �DN −
),

c,γ c,γ ≡ ∑s c γ γ

�D U±μ U �DN −

N
N N = LP

LP I U �DN −

U U �DN −

I I ∝ LP

U �DN −

N =
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I = c,γ(U �DN −
) = c,γ{U (γ D )N − }= c(U DN − )

=
( a)N − c{U (U −U− )N − }=

( a)N − c{UN }= N V
( a)N − LP.

I |n〉

I = ∑
n
〈n|U �DN − |n〉= iN − ∑

n
λN −
n 〈n|U |n〉.

LP

LP =
( ai)N −

N V ∑
n

λN −
n 〈n|U |n〉.

Properties of the analytical relation

( ai)N −
N V λN −

n 〈n|U |n〉

ψn(s) 〈n|Uμ |m〉

LP =
( ai)N −

N V ∑
n

λN −
n ∑

s
ψn (s)U (s)ψn(s+ ).

λn ψn(s)

N

a→ N → ∞

〈LP〉= ( ai)N −

N V

〈
∑
n

λN −
n 〈n|U |n〉

〉
.
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〈〉

LP
ρ(λ ) 〈n|Uμ |m〉

Discussion for relation between confinement and chiral symmetry breaking

〈n|U |n〉
λN −
n λN −

n 〈n|Uμ |m〉
|λn| 
 〈n|U |n〉

/λN −
n

〈n|U |n〉 δ δ (λn)
λN −
n δ (λn) λnδ (λn) = .

M(s)

M(s)≡ γs γs γs γs +s +s ,

s M(s) γ−
γ

M (s)γμM(s±μ) = ημ(s)γ ,

ημ(s)

η (s)≡ , ημ(s)≡ (− )s +···+sμ− (μ ≥ ).
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γ γ = ( , ,− ,− )
�D= γμDμ

∑
μ
M (s)γμDμM(s+μ) = (ημDμ ,ημDμ ,−ημDμ ,−ημDμ),

ημDμ

(ημDμ)ss′ = a ∑
μ=

ημ(s)
[
Uμ(s)δs+μ ,s′ −U−μ(s)δs−μ ,s′

]
.

M(s)

M(s+Nμ μ) =M(s) (μ = , , , ).

ημ(s)

±ημDμ
iλn

ημDμ |n) = iλn|n)
|n)

a ∑
μ=

ημ(s)[Uμ(s)χn(s+μ)−U−μ(s)χn(s−μ)] = iλnχn(s).

〈n|U |n〉
(n|U |n)

〈n|U |n〉= (n|U |n).
iλn

LP =
( ai)N −

V ∑
n

λN −
n (n|U |n)

�D ( ×Nc×V ) ημDμ (Nc×V )

(n|U |n)

× β ≡ N
g

β = . a
 . T ≡ /(N a)

β = . a 
 . T ≡ /(N a) 
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( ai)N −
V λN −

n (n|U |n)

(LP) =
( ai)N −

V ∑
|λn|>Λ

λN −
n (n|U |n),

Λ
Λ

〈qq〉Λ =−
V ∑

λn≥Λ

m
λn +m

Λ 
 . m

〈qq〉Λ
〈qq〉 
 .

Λ 
 .

Z
i π j ( j = ,± )

j Z

Z
Z

LP (LP)
LP 
 (LP)

|λn|< Λ 
 .

LP (LP) × β = .

LP
LP

(LP)
(LP)

LP (LP) × β = .

LP
LP

(LP)
(LP)

λN −
n (n|U |n) (n|U |n)
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Confinement phase

(n|U |n) (n|U |n)
λn

λN −
n (n|U |n) λN −

n (n|U |n)
λn

(n|U |n)
λN −
n (n|U |n)

λN −
n λN −

n
(n|U |n)

(n|U |n) λN −
n (n|U |n)

(n|U |n) (n|U |n) (n|U |n)

λN −
n (n|U |n)

∑
Λ ≤λn≤Λ

λN −
n (n|U |n) = ( )

Λ Λ

〈LP〉 =
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(n|U |n)

N (n|U |n)

Deconfinement phase case
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(n|U |n)
λN −
n (n|U |n)
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Z

Z
N
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