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==== − Veff[φ̂]

Z
d4x

Veff =V(φ̂)+V1(φ̂)+V2(φ̂)+· · · V1(φ̂)=− i
2

Z
d4p

(2π)4 tr ln iD−1(φ̂; p) V2(φ̂)= i
D
ei

R
d4xLint(φ̂,φ̃)

E
1PI

iD−1(φ̂; x, y) ²²²£££ØØØCCC====

Z
d4p

(2π)4 e−ip·(x−y)iD−1(φ̂; p) = iD−1(φ̂; i∂x)δ(x− y)Z
d4z [A(i∂x)δ(x−z)][B(i∂z)δ(z−y)]=

Z
d4z [A(i∂x)δ(x−z)][B(−i∂y)δ(z−y)]=A(i∂x)B(i∂x)δ(x−y)Z

d4z1···d4zn−1[A1(i∂x)δ(x−z1)][A2(i∂z1)δ(z1−z2)]··[An(i∂zn−1)δ(zn−1−y)]=A1(i∂x)· · ·An(i∂x)δ(x−y)

[ln iD−1(φ̂)](x, y) = [ln iD−1(φ̂; i∂x)]δ(x− y)

Tr ln iD−1(φ̂) =

Z
d4x tr[ln iD−1(φ̂)](x, x) =

Z
d4x

Z
d4p

(2π)4 tr ln iD−1(φ̂; p)

kkk���³³³���±±±���������������φ̂ÃÃÃ'''���~~~êêê ! V1(φ̂)=− i
2

R d4p
(2π)4 ln det[iD−1(φ̂;p)]

det[iD−1(0;p)]

ééé¤¤¤���fffV1¥¥¥���XXXêêê − i
2 AAATTT��������� +i ! ÏÏÏgggdddÀÀÀÚÚÚÚÚÚ¤¤¤���|||���ÈÈÈ©©©©©©OOO���ÑÑÑ Det−

1
2ÚÚÚ Det

iD−1(φ̂; x, y) ⇒ iS−1(ψ̂, ψ̂) ≡ δS[ψ̂, ψ̂]

δψ̂(x)δψ̂(y)
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S.Coleman and E.Weinberg, Phys.Rev.D7,1888(1973)
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O(2) σ���...: S =
R

d4x L =
R

d4x[ 1
2 (∂µσ∂

µσ + ∂µπ∂
µπ)− λ

4! (σ
2 + π2)2]

éééAAA���555���ÃÃÃggguuu»»»"""���///: κ = −µ2
κ
2 (σ2+π2)

=====⇒ κ = 0

Veff = V0 + V1 V0 = − λ

4!
(σ2 + π2)2 V1 = − i

2

Z
d4p

(2π)4 ln
det[iD−1(σ̂, π̂; p)]

det[iD−1(0, 0; p)]

iD−1
σσ(σ̂, π̂; x, y) =

δ2S
δσ(x)δσ(y)

= −(∂2
x +

λ

2
σ̂2 +

λ

6
π̂2)δ(x− y)

iD−1
σπ(σ̂, π̂; x, y) =

δ2S
δσ(x)δπ(y)

= iD−1
πσ(σ̂, π̂; x, y) = −λ

3
σ̂π̂δ(x− y)

iD−1
ππ(σ̂, π̂; x, y) =

δ2S
δπ(x)δπ(y)

= −(∂2
x +

λ

2
π̂2 +

λ

6
σ̂2)δ(x− y)
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O(2) σ���...: S =
∫

d4x L =
∫

d4x[ 1
2 (∂µσ∂µσ + ∂µπ∂µπ)− λ

4! (σ
2 + π2)2]

Veff = V0 + V1 V0 = − λ

4!
(σ2 + π2)2 V1 = − i

2

Z
d4p

(2π)4 ln
det[iD−1(σ̂, π̂; p)]

det[iD−1(0, 0; p)]

iD−1(σ̂, π̂; p) =

„
iD−1
σσ(σ̂, π̂; p) iD−1

σπ(σ̂, π̂; p)
iD−1
πσ(σ̂, π̂; p) iD−1

ππ(σ̂, π̂; p)

«
=

„
p2− λ

2 σ̂
2− λ

6 π̂
2 −λ

3 σ̂π̂
−λ

3 σ̂π̂ p2− λ
2 π̂

2− λ
6 σ̂

2

«
det[iD−1(σ̂, π̂; p)]=(p2− λ

2
σ̂2− λ

6
π̂2)(p2− λ

2
π̂2− λ

6
σ̂2)− λ

2

9
σ̂2π̂2=[p2− λ

2
(σ̂2+π̂2)][p2− λ

6
(π̂2+σ̂2)]

V1 = − i
2

Z
d4p

(2π)4

»
ln(1− λ

2p2 φ̂
2) + ln(1− λ

6p2 φ̂
2)

–
φ̂ ≡ σ̂2 + π̂2

Wick Rotation
======= − i

2
iπ2

(2π)4 lim
Λ→∞

Z Λ2

0
p2

Edp2
E

»
ln(1 +

λ

2p2
E
φ̂2) + ln(1 +

λ

6p2
E
φ̂2)

–
333kkk²²²£££ØØØCCC������///eee,AAA^̂̂ÄÄÄþþþ���äää���555zzz¿¿¿ØØØ»»»���555���ééé¡¡¡555 !Z Λ2

0
xdx ln(1 +

a
x
) =

x2

2
ln(1 +

a
x
)

˛̨̨̨Λ2

0

+
1
2

Z Λ2

0

a
1 + a

x

dx = aΛ2 +
a2

2
(ln

a
Λ2 −

1
2
)

V1 =
1

32π2

"
λ

2
φ̂2Λ2 +

λ2φ̂4

8
(ln

λ
2 φ̂

2

Λ2 − 1
2
) +

λ

6
φ̂2Λ2 +

λ2φ̂4

72
(ln

λ
6 φ̂

2

Λ2 − 1
2
)

#
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O(2) σ���...: S =
∫

d4x L =
∫

d4x[ 1
2 (∂µσ∂µσ + ∂µπ∂µπ)− λ

4! (σ
2 + π2)2]

Veff = V0+V1 V0 =− λ

4!
(σ2+π2)2 V1 =

1
32π2

"
2λ
3
φ̂2Λ2+

λ2φ̂4

8
(ln

λ
2 φ̂

2

Λ2 −
1
2
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λ2φ̂4
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(ln

λ
6 φ̂

2
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1
2
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#
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λ
2
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λ
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λ
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2
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2−
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λ
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2
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φ̂

2
λ
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2
+· · ·

Jackiw���úúúªªª¢¢¢yyy


éééÃÃÃ¡¡¡õõõ¤¤¤ùùùããã���¦¦¦ÚÚÚ !

­­­���zzz:æææ^̂̂---������

V1
­­­���zzz

====
1

32π2

"
2λ
3
φ̂2Λ2 +

λ2φ̂4

8
(ln

λ
2 φ̂

2

Λ2 − 1
2
) +

λ2φ̂4

72
(ln

λ
6 φ̂

2

Λ2 − 1
2
)

#
− 1

2
C1φ̂

2 − 1
4!

C2φ̂
4

888���zzz^̂̂���:
V0=

λ
4! φ̂

4 ààà~~~êêêØØØIIIþþþfff???���
============⇒ d2Veff

dφ̂2

˛̨̨̨
φ̂=0

=0
d4Veff

dφ̂4

˛̨̨̨
φ̂=M

=λ≡λ(M)⇐ÃÃÃþþþjjjnnnØØØÏÏÏLLL888���zzzÚÚÚ\\\þþþjjj

C1 =
λΛ2

24π2 C2 =
55λ2

144π2 +
3λ2

32π2 ln
λ
2 M2

Λ2 +
λ2

96π2 ln
λ
6 M2

Λ2 Veff =
λ

4!
φ̂4 +

5λ2φ̂4

1152π2 (ln
φ̂2

M2 −
25
6

)

ÐÐÐmmmÂÂÂñññ^̂̂���: |λ| < 1 |λ ln
φ̂2

M2 | < 1
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O(2) σ���...: S =
∫

d4x L =
∫

d4x[ 1
2 (∂µσ∂µσ + ∂µπ∂µπ)− λ

4! (σ
2 + π2)2]

888���zzz^̂̂���:
V0=

λ
4! φ̂

4 ààà~~~êêêØØØIIIþþþfff???���
============⇒ d2Veff

dφ̂2

˛̨̨̨
φ̂=0

=0
d4Veff

dφ̂4

˛̨̨̨
φ̂=M

=λ≡λ(M)⇐ÃÃÃþþþjjjnnnØØØÏÏÏLLL888���zzzÚÚÚ\\\þþþjjj

Veff =
λ

4!
φ̂4 +

5λ2φ̂4

1152π2 (ln
φ̂2

M2 −
25
6

) ÐÐÐmmmÂÂÂñññ^̂̂���: |λ| < 1 |λ ln
φ̂2

M2 | < 1

ºººÝÝÝCCC���555���: Veff =
λ′

4! φ̂
4 + 5λ′2φ̂4

1152π2 (ln φ̂2

M′2 − 25
6 )

λ(M)
M→M′

===⇒ λ′ ≡ λ(M′) =
d4Veff

dφ̂4

˛̨̨̨
φ̂=M′

= λ+
5λ2

48π2 ln
M′2

M2

���ãããéééêêê���333������ φ̂«««üüü$$$,,,pppkkk���³³³

0 =
dVeff

dφ̂

˛̨̨̨
φ̂=〈φ〉

= λ〈φ〉3
»

1
6

+
5λ

288π2 ln
〈φ〉2

M2 − 55λ
964π2

–
⇒ 〈φ〉 = 0, Me−

24π2
5λ

+ 11
6 ���MÃÃÃ'''

Veff(φ̂ = 0) = 0 Veff(φ̂ = Me−
24π2

5λ
+ 11

6 ) = −5λ2〈φ〉4

2304π2 ÍÍÍÜÜÜ~~~êêê���KKK���ggg:������666

���äää������nnnØØØ´́́ÄÄÄuuu)))ééé¡¡¡555ggguuu»»»""",������ÄÄÄêêêããã���UUU¬¬¬ÑÑÑ���,AAATTTOOO������ããã !

���êêê===£££: λ(M = 〈φ〉) = 144
55 π

2
ØØØÜÜÜnnn,êêê���¿¿¿ØØØ������!
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IIIþþþQED

φ =

„
σ
π

«
üüü���ÃÃÃþþþjjjëëëêêê

S =

Z
d4x L =

Z
d4x [−1

4
FµνFµν− 1

2α
(∂µAµ)2+

1
2
(∂µσ+eAµπ)2+

1
2
(∂µπ−eAµσ)2− λ

4!
(σ2+π2)2]

δW
δJ

= φ̂
δW
δJµ

JµAµ

==== Âµ âââÔÔÔ[[[ééé¡¡¡555BBB+++ÙÙÙkkkýýý���ÏÏÏ"""��� Veff(φ̂) ≡ Veff(φ̂, Âµ = 0)

iD−1
µν (σ̂, π̂; x, y) =

δ2S
δAµ(x)δAν(y)

˛̨̨̨
σ=σ̂
π=π̂

= [gµν∂2
x − (1− 1

α
)∂µ∂ν + e2gµν(σ̂2 + π̂2)]δ(x− y)

iD−1
µσ(σ̂, π̂; x, y) =

δ2S
δAµ(x)δσ(y)

˛̨̨̨
σ=σ̂
π=π̂

= 2eπ̂∂µδ(x− y) iD−1
σπ, iD−1

ππ, iD−1
σπ ���ccc������

iD−1
µπ(σ̂, π̂; x, y) =

δ2S
δAµ(x)δπ(y)

˛̨̨̨
σ=σ̂
π=π̂

= −2eσ̂∂µδ(x− y) ������BBBOOO������AAAÏÏÏ���IIIXXX: pµ = (p0, 0, 0, 0)
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IIIþþþQED φ =

„
σ
π

«
üüü���ÃÃÃþþþjjjëëëêêê

S =

Z
d4x L =

Z
d4x [−1

4
FµνFµν− 1

2α
(∂µAµ)2+

1
2
(∂µσ+eAµπ)2+

1
2
(∂µπ−eAµσ)2− λ

4!
(σ2+π2)2]

det[iD−1(σ̂, π̂; p)]
pµ=(p0, 0, 0, 0)
=======

˛̨̨̨
˛̨̨̨
˛̨̨̨

iD−1
11 0 0 0 0 0

0 iD−1
22 0 0 0 0

0 0 iD−1
33 0 0 0

0 0 0 iD−1
00 iD−1

0σ iD−1
0π

0 0 0 iD−1
σ0 iD−1

σσ iD−1
σπ

0 0 0 iD−1
π0 iD−1

πσ iD−1
ππ

˛̨̨̨
˛̨̨̨
˛̨̨̨ = iD−1

11 iD−1
22 iD−1

33

×[iD−1
00 (iD−1

σσiD−1
ππ−iD−1

σπiD−1
πσ)−iD−1

0σ (iD−1
σ0 iD−1

ππ−iD−1
π0 iD−1

σπ)+iD−1
0π (iD−1

σ0 iD−1
πσ−iD−1

π iD−1
σσ)]

(p0)2⇒p2

===== (−p2 + e2φ̂2)3[(− 1
α

p2 + e2φ̂2)(−p2 +
λ

2
φ̂2)(−p2 +

λ

6
φ̂2)− 4e2φ̂2p2(−p2 +

λ

2
φ̂2)]

det[iD−1(σ̂, π̂; p)]

det[iD−1(0, 0; p)]
= (1− e2φ̂2

p2 )3[(1− α
e2φ̂2

p2 )(1−
λ
2 φ̂

2

p2 )(1−
λ
6 φ̂

2

p2 )− 4α
e2φ̂2

p2 (1−
λ
2 φ̂

2

p2 )]

kkk���³³³������`̀̀´́́555������666���,���333ýýý���444���:::???´́́555���ÃÃÃ'''��� !

R.Fukuda and T.Kugo, Phys. Rev. D13,3469(1974)
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IIIþþþQED φ =

„
σ
π

«
üüü���ÃÃÃþþþjjjëëëêêê

det[iD−1(σ̂, π̂; p)]

det[iD−1(0, 0; p)]

Landau555���α=0
======== (1− e2φ̂2

p2 )3(1−
λ
2 φ̂

2

p2 )(1−
λ
6 φ̂

2

p2 ) e=0£££���O(2) σ���...

V1(φ̂) =
2λ+9e2

96π2 φ̂2Λ2−
5
18λ

2+3e4

128π2 φ̂4+
λ2φ̂4

256π2 ln
λ
2 φ̂

2

Λ2

+
λ2φ̂4

2304π2 ln
λ
6 φ̂

2

Λ2 +
3e4φ̂4

64π2 ln
e2φ̂2

Λ2 − 1
2

C1φ̂
2− λ

4!
C2φ̂

4

ààà~~~êêêØØØIIIþþþfff???���
==========⇒ d2Veff

dφ̂2

˛̨̨̨
φ̂=0

= 0
d4Veff

dφ̂4

˛̨̨̨
φ̂=M

= λ ≡ λ(M) ⇒ C1 =
2λ+ 9e2

48π2 Λ2

C2 =
11

8π2 (
5

18π2 λ
2 + 3e4) +

3λ2

32π2 ln
λ
2 M2

Λ2 +
λ2

96π2 ln
λ
6 M2

Λ2 +
9e4

8π2 ln
e2M2

Λ2

Veff(φ̂) =
λ

4!
φ̂4 + (

5λ2

1152π2 +
3e4

64π2 )φ̂4(ln
φ̂2

M2 −
25
6

)
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IIIþþþQED φ =

„
σ
π

«
üüü���ÃÃÃþþþjjjëëëêêê

ππÑÑÑ���www���···���:

Veff(φ̂) =
λ

4!
φ̂4 + (

5λ2

1152π2 +
3e4

64π2 )φ̂4(ln
φ̂2

M2 −
25
6

) ∼=
λ

4!
φ̂4 +

3e4

64π2 φ̂
4(ln

φ̂2

M2 −
25
6

)

0=
dVeff

dφ̂

˛̨̨̨
φ̂=〈φ〉
= 〈φ〉3[

λ

6
− 11e4

16π2 +3 ln
〈φ〉2

M2 ] ⇒ λ
〈φ〉=M 6=0
=====

33
8π2 e4 Veff(φ̂)=

3e4

64π2 φ̂
4(ln

φ̂2

〈φ〉2 −
1
2
)

üüü���))): Veff[ 〈φ〉 = 0 ] = 0 Veff[ 〈φ〉 = M 6= 0 ] = − 3e4

128π2 〈φ〉
4

φ̂ 6= 0 ���¡¡¡ØØØ»»»���
=====⇒ 〈σ〉 = 〈φ〉 6= 0, 〈π〉 = 0 ⇒ M2

A = e2〈σ〉2
>>>^̂̂555���ééé¡¡¡555ggguuu»»»""",111fff¼¼¼������þþþ

σ = 〈σ〉+ σ̃ m2
σ̃ =

d2Veff

dφ̂2

˛̨̨̨
φ̂=〈φ〉

=
3e4

8π2 〈σ〉
2 =

3
2π

„
e2

4π

«
M2

A

yyy333���ggguuu»»»""")))ØØØ���������½½½������������ÍÍÍÜÜÜ~~~êêê!
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???���ÚÚÚííí222��� SU(2)× U(1)nnnØØØ

ÏÏÏ"""­­­yyyIIIþþþQED���(((JJJ:

I 555���ééé¡¡¡555���ggguuu»»»"""

I ���ÑÑÑÍÍÍÜÜÜ~~~êêê���mmm���'''ééé

I ���ÑÑÑdddggguuu»»»"""


¼¼¼������IIIþþþâââfff���þþþÚÚÚ555���âââfff���þþþ���mmm���'''ééé

²²²LLLEEE,,,OOO���������:

m2
H =

3
32π2 [2g2M2

W + (g2 + g′2)M2
Z ]

tan θW= g′
g , e=g sin θW

==========⇒ 9.4 ∼ 10.4 GeV

¢S LEPII: mH > 114 GeV

ddd���þþþAAA´́́IIIOOO���...¥¥¥���Higgs���þþþ��������� ! µ2 = 0EEEkkkddd(((JJJ

���,,,éééIIIOOO���...¿¿¿ØØØ¤¤¤õõõ,���nnnØØØ���{{{¬¬¬kkkéééõõõAAA^̂̂ !

I ���ÚÚÚ��� Gell-mann,Slansky :���ÄÄÄ������???������,»»»"""������uuu���±±±������fffééé¡¡¡555

I ���»»»ÆÆÆ

I (((½½½°°°[[[(((���~~~êêê, ......

������ (���uuu���ÆÆÆ) âââfffnnnØØØ;;;KKK ÄÄÄåååÆÆÆééé¡¡¡555ggguuu»»»"""
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D.J.Gross and A.Nevue, Phys. Rev. D10,3235(1974)

ÏÏÏééé���QCDaaaqqqqqqîîî������)))������...: 1 + 1���������

I ���­­­���

I ÚÚÚgggdddÝÝÝ������'''XXX���ppp���^̂̂

I ììì???gggddd

I ÃÃÃ���ééé¡¡¡555ggguuu»»»"""

L = ψi/∂ψ +
1
2

g2(ψψ)2
ÐÐÐ���³³³ÃÃÃeee...ººº ψ =

0B@ ψ1

...
ψN

1CA 2N���©©©þþþ ψψ ≡
X

a

ψaψa

§§§éééAAAÈÈÈKKK���fff|||���QCDnnnØØØ ! dim(ψ) =
1
2

dim(g) = 0

...¼¼¼þþþäääkkk���ééé¡¡¡555U(N)éééAAAQCD���ÚÚÚééé¡¡¡555éééXXXÄÄÄåååÆÆÆ,ØØØAAAuuu)))»»»"""!

Coleman½½½nnn: D ≤ 2���������¥¥¥ØØØ���333GoldstoneÀÀÀÚÚÚfff !

���333©©©áááééé¡¡¡555 éééAAAQCD���ÃÃÃ���ééé¡¡¡555: ψ → γ5ψ = ei π
2 γ5ψ

ψψ → (γ5ψ)†γ0γ5ψ = −ψψ ψγµψ → (γ5ψ)†γ0γµγ5ψ = ψγµψ

������ (���uuu���ÆÆÆ) âââfffnnnØØØ;;;KKK ÄÄÄåååÆÆÆééé¡¡¡555ggguuu»»»"""
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���333©©©áááééé¡¡¡555 éééAAAQCD���ÃÃÃ���ééé¡¡¡555: ψ → γ5ψ = ei π
2 γ5ψ

L = ψi/∂ψ +
1
2

g2(ψψ)2 ψ =

0B@ ψ1

...
ψN

1CA 2N���©©©þþþ ψψ ≡
X

a

ψaψa

ψψ → (γ5ψ)†γ0γ5ψ = −ψψ ψγµψ → (γ5ψ)†γ0γµγ5ψ = ψγµψ

γ0 =

„
0 1
1 0

«
γ1 =

„
0 −1
1 0

«
γ5 = γ0γ1 =

„
1 0
0 −1

«
PL ≡

1− γ5

2
=

„
1 0
0 1

«
PR ≡

1 + γ5

2
=

„
1 0
0 0

«
{γµ, γν} = 2gµν {γ5, γµ} = 0 µ = 0, 1

III���ïïïÄÄÄ£££ãããψ(x)ψ(x)���kkk���³³³nnnØØØ

£££ãããψ(x)ψ(y)���kkk���³³³nnnØØØ: Cornwell,Jackiw,Tomboulis,Phys.Rev.D10,2428(1974)

§§§������ÈÈÈ©©©���§§§���
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���333©©©áááééé¡¡¡555 éééAAAQCD���ÃÃÃ���ééé¡¡¡555: ψ → γ5ψ = ei π
2 γ5ψ

L = ψi/∂ψ +
1
2

g2(ψψ)2 ψ =

0B@ ψ1

...
ψN

1CA 2N���©©©þþþ ψψ ≡
X

a

ψaψa

ψψ → (γ5ψ)†γ0γ5ψ = −ψψ ψγµψ → (γ5ψ)†γ0γµγ5ψ = ψγµψ

ïïïááá)))¤¤¤���¼¼¼µµµ Z[K] = eW[K] =

Z
DψDψ ei

R
d2x [L+Kgψψ]Z

Dσ e−
i
2

R
d2x (σ−gψψ)2

=

Z
D(σ−gψψ) e−

i
2

R
d2x (σ−gψψ)2

=

Z
Dσ e−

i
2

R
d2x σ2

=~~~êêê

Z[K] =

Z
DψDψDσ ei

R
d2x [L− 1

2 (σ−gψψ)2+gKψψ] =

Z
DψDψDσ ei

R
d2x [ψ(i/∂+gσ+gK)ψ− 1

2σ
2]

Lσ = ψ(i/∂ + gσ)ψ − 1
2
σ2 σ:999ÏÏÏ||| ÃÃÃÄÄÄUUU���

²²²;;;)))
====⇒ σ = gψψ Lσ

˛̨̨̨
σ=gψψ

= L

Z[K] =

Z
DψDψDσ ei

R
d2x [ψ(i/∂+gσ)ψ− 1

2 (σ−K)2] = e−i K2
2

Z
DψDψDσ ei

R
d2x [ψ(i/∂+gσ)ψ− 1

2σ
2+Kσ]

〈gψ(x)ψ(x)〉L =
δW[K]

δK(x)

˛̨̨̨
K=0

= 〈σ(x)〉Lσ

〈σ〉6=0
====⇒ mf = −g〈σ〉

������ (���uuu���ÆÆÆ) âââfffnnnØØØ;;;KKK ÄÄÄåååÆÆÆééé¡¡¡555ggguuu»»»"""
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1/NÐÐÐmmm���¤¤¤ùùùãããOOO���

L = ψi/∂ψ| {z }
N ���

+
1
2

g2(ψψ)2| {z }
N2 ���

���²²²ïïïÄÄÄUUU������ppp���^̂̂���
==========⇒ g2N ≡ λ ⇐ ���NÃÃÃ'''

���333©©©áááééé¡¡¡555 éééAAAQCD���ÃÃÃ���ééé¡¡¡555: ψ → γ5ψ = ei π
2 γ5ψ σ → −σ ψψ → −ψψ

Lσ = ψi/∂ψ +

r
λ

N
σψψ − 1

2
σ2 g〈ψ(x)ψ(x)〉L =

1
g
〈σ(x)〉Lσ

������ãããµµµ

¤¤¤kkküüü���±±±þþþ������âââfffØØØ������ãããÑÑÑ333 N → 0���ªªªuuu""", 333��� N 444������LLL���������������ããã !
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1/NÐÐÐmmm���´́́»»»ÈÈÈ©©©OOO���

eiW[K] = e−i K2
2

Z
DψDψDσ ei

R
d2x [ψ(i/∂+gσ)ψ− 1

2σ
2+Kσ] = e−i K2

2

Z
Dσ eTr ln(i/∂+gσ)+i

R
d2x [− 1

2σ
2+Kσ]

eiW[K] σ=
√

Nσ̄, K=
√

NK̄
========= e−iN K̄2

2

Z
Dσ̄ eNTr′ ln(i/∂+

√
λσ̄)+i

R
d2x N(− 1

2 σ̄
2+K̄σ̄) = e−iN K̄2

2

Z
Dσ̄ eiNS[σ̄,K̄]

S[σ̄, K̄] ≡ −iTr′ ln(i/∂ +
√
λσ̄) +

Z
d2x (−1

2
σ̄2 + K̄σ̄)

AAA^̂̂Jackiw���´́́»»»ÈÈÈ©©©���{{{µµµ ∂W[K]
∂〈σ̄〉 = 0

W[K] = −N
K̄2

2
+ NS[〈σ̄〉, K̄]| {z }

O(N)

+
i
2

Tr ln
δ2S[〈σ̄〉, K̄]

δ〈σ̄(x)〉δ〈σ̄(y)〉| {z }
O( 1

N )

+ Γ2 Γ2 =

∞X
n=2

Γn|{z}
O( 1

Nn )

Γn =±±±[ δ2S[〈σ̄〉,K̄]
δ〈σ̄(x)〉δ〈σ̄(y)〉 ]

−1 ���DDDÂÂÂfff, Iint[〈σ̄〉, σ̃]������ppp���^̂̂ººº������¤¤¤kkk���âââfffØØØ������n���ããã

Iint[〈σ̄〉, σ̃] ´́́ S[〈σ̄〉+ σ̃, K̄]¥¥¥UUU σ̃ ���gggÐÐÐmmmnnngggÚÚÚnnnggg±±±þþþ������ÚÚÚ
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ììì???gggddd

β(g) = µ
∂g
∂µ

˛̨̨̨
g0,Λ

γσ(g) =
1
2
µ
∂

∂µ
ln Zσ

˛̨̨̨
g0,Λ

=
1√
Zσ
µ
∂

∂µ

√
Zσ

˛̨̨̨
g0,Λ

σ0 =
√

Zσσ

g0ψ0ψ0σ0
¤¤¤���fffÃÃÃ???���

======== g0ψψσ0 = g0
√

Zσ ψψσ ⇒ g = g0
√

Zσ

β(g) = µ
∂g
∂µ

˛̨̨̨
g0,Λ

= g0µ
∂

∂µ

√
Zσ

˛̨̨̨
g0,Λ

=
g√
Zσ
µ
∂

∂µ

√
Zσ

˛̨̨̨
g0,Λ

= gγσ(g)

OOO���������σ|||gggUUU: Π(p) = −g2N
Z d2k

(2π)2

tr[/k(/k − /p)]

k2(k − p)2
= −λ

Z 1

0
dα

Z d2k

(2π)2

tr[/k(/k − /p)]

[(k − p)2α + k2(1 − α)]2

q≡k−αp
===== −λ

Z 1

0
dα

Z d2q

(2π)2

tr{(/q + α/p)[/q + (α− 1)/p]}
[q2 + α(1 − α)p2]2

= λ

Z 1

0
dα

Z iπdq2

(2π)2

2[q2 + α(1 − α)p2]− 2(2α− 1)q · p

[q2 − α(1 − α)p2]2

=
iλ

2π

Z 1

0
dα[ln

−Λ2

α(1 − α)p2
− 2] =

iλ

2π
ln
−Λ2

p2
Πr = Π(p)− Πc D0 = −i D−1

r = D−1
0 − Πr

888���zzz^̂̂���µµµ Dr(p2 = −µ2) = −i ⇒ Πc =
λ

2π
ln
µ2

Λ2 ⇒ D−1
r = i[1 +

λ

2π
ln
−p2

µ2 ]

[µ
∂

∂µ
+β(g)

∂

∂g
−2γσ(g)]D−1

r (p)=0 ⇒ β(g)=gγσ(g)=−gλ
2π

ììì???gggddd⇒ λ(t)
t= 1

2 ln −p2

µ2
======

λ

1 + λt
π

������ (���uuu���ÆÆÆ) âââfffnnnØØØ;;;KKK ÄÄÄåååÆÆÆééé¡¡¡555ggguuu»»»"""
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ÄÄÄåååÆÆÆééé¡¡¡555»»»"""

iS−1(σ̂; x, y) =
δ2S

δψ(x)δψ(y)
= (i/∂ + gσ̂)δ(x− y) ⇒ iS−1(σ̂, p) = −/p + gσ̂

Veff(σ̂) =
1
2
σ2 + i

Z
d2p

(2π)2 ln
detiS−1(σ̂, p)

detiS−1(0, p)
=

1
2
σ2 + iN

Z
d2p

(2π)2 ln

˛̨̨̨
gσ̂ −p0 + p1

−p0 − p1 gσ̂

˛̨̨̨
˛̨̨̨

0 −p0 + p1

−p0 − p1 0

˛̨̨̨
=

1
2
σ2+iN

Z
d2p

(2π)2 ln(1− g2σ̂2

p2 ) =
1
2
σ̂2+

λσ̂2

4π
[ln

g2σ̂2

Λ2 −1]

­­­���zzzµµµ333kkk���³³³¥¥¥\\\\\\---������ − 1
2

Cσ̂2 1 =
∂2Veff

∂σ̂2

˛̨̨̨
σ̂=M

⇒ C =
λ

2π
[ln

g2M2

Λ2 + 2]

Veff(σ̂) =
1
2
σ̂2 +

λσ̂2

4π
[ln

σ̂2

M2 − 3] 0 =
dVeff

dσ̂

˛̨̨̨
σ̂=〈σ〉

= 〈σ〉[1 +
λ

2π
(ln

〈σ〉2

M2 − 2)]

〈σ〉 =


0
±Me1−π

λ
⇒ λ

M=〈σ〉
===== π Veff(0) = 0 Veff(±Me1−π

λ ) = − λ

4π
M2e2− 2π

λ
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���ÄÄÄ333Gross-Neveu���...¥¥¥¦¦¦〈[ψ(x)ψ(x)]2〉,333���555...¼¼¼þþþ¥¥¥���\\\ÈÈÈ©©©Z
Dσ e−

i
2

R
d2x [σ− g2

M (ψψ)2]2 ⇒ Lσ = ψi/∂ψ − 1
2
σ2 +

g2

M
(ψψ)2σ +

1
2

g2(ψψ)2 − 1
2

g4

M2 (ψψ)4

ÑÑÑyyy


///ªªªþþþØØØ���­­­���������ppp���^̂̂���,���Gross-Neveu���...������´́́���­­­������

III���ïïïááá������£££ããã 〈[ψ(x)ψ(x)]2〉 ���kkk���³³³nnnØØØ
I Kuang, Li, Zhao, Commun. Theor. Phys. 3, 251(1984)

I He, Wang, Kuang, Z.Phys. C45,407(1990)

I He, Kuang, Z.Phys. C47,565(1990)

Z[K] =

Z
DψDψDσ ei

R
d2x [ψ(i/∂+gσ)ψ− 1

2σ
2+Kσ]

=

Z
DψDψDσ ei

R
d2x [ψi/∂ψ− 1

2 (σ−gψψ−K)2+ 1
2 g2(ψψ)2+ 1

2 K2]

=

Z
DψDψ ei

R
d2x [ψi/∂ψ+ 1

2 g2(ψψ)2+Kgψψ+ 1
2 K2]

²²²���µµµ���EEEÛÛÛ���EEEÜÜÜ���ÎÎÎ���kkk���³³³III��� \\\\\\XXX			


������
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XXXÛÛÛûûû½½½XXX			


���ººº

W[I, I,K] = −i ln Z[I, I,K] Z[I, I,K] =

Z
DψDψ ei

R
d2x [ψi/∂ψ+ 1

2 g2(ψψ)2+Iψ+ψI+Kgψψ+P(K)]

δW
δI

= ψ̂
δW
δI

= −ψ̂ δW
δK

= gψ̂ψ̂ + Σ ⇐ëëë���ÜÜÜ©©© ψ̂

˛̨̨̨
I=I=0

= ψ̂

˛̨̨̨
I=I=0

= 0

δ2W
δK2 =−i

δ

δK
Z−1δZ

δK
=−i

„
Z−1δ

2Z
δK2 −Z−1δZ

δK
Z−1δZ

δK

«
=−iZ−1δ

2Z
δK2

˛̨̨̨
ëëë���

· · · δ
nW
δKn =−iZ−1δ

nZ
δKn

˛̨̨̨
ëëë���

gU^�µ
δnWc

δKn

˛̨̨̨
I=I=K=0

= 0 n ≥ 2

²²²;;;���§§§µµµ gψcl[gψclψcl + K] = 0 ⇒ gψclψcl = −K

Wc[0, 0,K] =

Z
d2x[

1
2

g2(ψclψcl)
2 + Kgψclψcl + P(K)] =

Z
d2x[−1

2
K2+P(K)] ⇒ P(K) =

1
2

K2

XXX			


���dddgggUUU^̂̂���ûûû½½½���
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������������ãããOOO���µµµ

W[I, I,K] = −i ln Z[I, I,K] Z[I, I,K] =

Z
DψDψ ei

R
d2x [ψi/∂ψ+ 1

2 g2(ψψ)2+Iψ+ψI+Kgψψ+P(K)]

W = Wc + W1 W1 = − λ

4π

Z
d2x F2(ln

g2F2

Λ2 − 1) F ≡ gψclψcl + K III\\\\\\---������µµµ

−1
2

C1(gψclψcl)
2 − C2gψclψclK − 1

2
C3K2 ΓÜÜÜ©©©[ψcl, ψcl,K] = W[I, I,K]−

Z
d2x [Iψcl + ψclI]

888���zzz^̂̂���µµµ
δ4ΓÜÜÜ©©©

δψclδψclδψclδψcl

˛̨̨̨
~~~ØØØ:::

= g2 δ3ΓÜÜÜ©©©

δψclδψclδK

˛̨̨̨
~~~ØØØ:::

= g
δ2ΓÜÜÜ©©©

δK2

˛̨̨̨
~~~ØØØ:::

= 1

C1 = C2 = C3 = − λ

2π
(ln

g2M2

Λ2 + 2) M ≡ F
˛̨̨̨
~~~ØØØ:::

W1 =

Z
d2x [

1
2
(gψclψcl)

2 + ψclI + Iψcl + gψclψclK +
1
2

K2 − λ

4π
F2(ln

F2

M2 − 3)]

Γ[ψ̂, ψ̂,Σ] = W[I, I,K]−
Z

d2x[Iψ̂ + ψ̂I + KΣ] = Veff[ψ̂, ψ̂,Σ]

Z
d2x

=

Z
d2x

"
1
2
(gψ̂ψ̂)2− 1

2
Σ2− λ

4π
(gψ̂ψ̂+Σ)2[ln

(gψ̂ψ̂+Σ)2

M2 −3]

#
Σ↔σ

===⇒ Veff[0, 0, σ]£££���þþþ!!!(((JJJ���
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888ccc���(((JJJ���OOO���¤¤¤���fff���������ããã���

������ããã���(((JJJ���yyy²²²333���N444���eee���???¿¿¿������ãããÑÑÑîîî���¤¤¤ááá������

ïïïááá


aaaqqqJackiw���ÑÑÑ���������OOO���555KKK—-üüüâââfffØØØ������ããã

333OOO��� 〈ψψ〉���ÓÓÓ������OOO��� (〈ψψ〉)2

ÚÚÚ\\\			


���µµµ K1ψψ + K2(ψψ)2 + P(K1,K2)

ÄÄÄgggXXXÚÚÚOOO���


ooo¤¤¤������ÎÎÎ���ýýý���vvvààà���
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D���(2<D<4)ooo¤¤¤���nnnØØØ

D���ooo¤¤¤���nnnØØØ���D > 2���333���666ØØØ¥¥¥´́́ØØØ���­­­���������

���uuuyyyD = 3���ooo¤¤¤���nnnØØØ3331/NÐÐÐmmm¥¥¥´́́���­­­���������
B.Rosenstein, B.Warr, and S.H.Park, Phys. Rev. Lett. 62, 1433(1989)

nnnØØØäääkkkééé¡¡¡555: ψψ
ψ→γ5ψ====⇒− ψψ, σ

ψ→γ5ψ====⇒− σ

¦¦¦���O( 1
N )888���ããã¥¥¥������OOO������{{{ØØØ»»»���ééé¡¡¡555���kkknnn������333��� ÄÄÄåååÆÆÆggguuu»»»"""ØØØOOO\\\###uuuÑÑÑ!

���eeennn���ããã333...¼¼¼þþþ¥¥¥©©©OOOkkkéééAAA���---������ ! ddd©©©ÛÛÛ���±±±���ííí222���???¿¿¿���

&&&¢¢¢������666nnnØØØ¥¥¥������­­­���555������������êêê���ooo¤¤¤���nnnØØØ3331/NÐÐÐmmm¥¥¥���­­­���111������

H.J.He, Y.P.Kuang, Q.Wang and Y.P.Yi, Phys. Rev. D45, 4610(1992)
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&&&¢¢¢������666nnnØØØ¥¥¥������­­­���555������������êêê���ooo¤¤¤���nnnØØØ3331/NÐÐÐmmm¥¥¥���­­­���111������
H.J.He, Y.P.Kuang, Q.Wang and Y.P.Yi, Phys. Rev. D45, 4610(1992)

nnnØØØ���333���"""���bbb			���½½½::: λ∗= (4π)D/2(D−2)
8(D−1)Γ(2−D

2 )
[1+ 2D−3(D−1)

N ]

β(λ) = (D−2)λ(1− λ

λ∗
)[1− 1

NDB( D
2 −1, 2− D

2 )B( D
2 ,

D
2 )

]

���������~~~þþþjjjµµµ γψψ(λ∗) = D−2 +
1

NDB( D
2 −1, 2− D

2 )B( D
2 ,

D
2 )

B(p, q) ≡
R 1

0 dt tp−1(1−t)q−1

������ (���uuu���ÆÆÆ) âââfffnnnØØØ;;;KKK ÄÄÄåååÆÆÆééé¡¡¡555ggguuu»»»"""


	目录
	protect <def>-command OT1<let>-command enc@update relax <def>-command phv<def>-command m<def>-command n<def>-command C19/song/bx/n/6/54 C19/song/bx/n/6/54 <let>-command 圈图展开与有效势
	

	protect <def>-command OT1<let>-command enc@update relax <def>-command phv<def>-command m<def>-command n<def>-command C19/song/bx/n/6/54 C19/song/bx/n/6/54 <let>-command Coleman-Weinberg理论
	

	protect <def>-command OT1<let>-command enc@update relax <def>-command phv<def>-command m<def>-command n<def>-command C19/song/bx/n/6/54 C19/song/bx/n/6/54 <let>-command Gross-Neveu模型
	

	protect <def>-command OT1<let>-command enc@update relax <def>-command phv<def>-command m<def>-command n<def>-command C19/song/bx/n/6/54 C19/song/bx/n/6/54 <let>-command 局域复合算符的有效势
	


