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Previous works on U(1)A restoration
U(1) restoration instanton effect exact chiral sym. V→∞

Cohen YES × ○ ○
Lee-Hatsuda NO ○ ○ ×

staggered NO ○ × ×
Wilson NO ○ × ×
DFW NO ○ △ ×

overlap YES ○ ○ ×
Our work YES ○ ○ ○
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eigenvalue decomposition: scalar density
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4. Effective theory
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• Symmetry of U(1)A breaking Lagrangian

• U(1)A breaking parameters: c’, x, y

Z2 ⇢ U(1)A symmetry
Z2Nf ⇢ U(1)A symmetry in QCD

Z4 ⇢ U(1)A symmetry
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Constraint on c’
• One loop correction

h⇡a⇡a(p = 0)i = 1

m2
� + �m2

� + c0 + �c0

�⇡�⇠ = 0 constraint c0R = c0 + �c0 = 0

fine tuning of bare parameter c’

h�a�a(p = 0)i = 1

m2
� + �m2

� � (c0 + �c0)
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•For general n1 + n2 + n3 + n4 = even case

1

V k
h�0On1,n2,n3,n4i = 0

appropriately normalized with volume

Only two types for the leading contribution
disconnected correlation function tends to be leading

1

V k
h�0On1,n2,n3,n4i /

✓
1

V
hS0i

◆n

= 0

1

V k
h�0On1,n2,n3,n4i /

1

V
hP aP a � SaSai

no more constraint

c’=0=0

No constraint on x, y

14年1月22日水曜日



Effective theory of Nf=2 QCD

14年1月22日水曜日



Effective theory of Nf=2 QCD

• SU(2)L×SU(2)R×U(1)A symmetric Lagrangian

14年1月22日水曜日



Effective theory of Nf=2 QCD

L0 = tr
�
@µ�

†@µ�
�
+m2

�tr�
†�+

�1

2

�
tr�†�

�2
+

�2

2
tr
�
�†�

�2
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Effective theory of Nf=2 QCD
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�tr�
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�
tr�†�
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�
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• SU(2)L×SU(2)R×U(1)A symmetric Lagrangian

• U(1)A breaking Lagrangian
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x
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�
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⌘
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Effective theory of Nf=2 QCD

L0 = tr
�
@µ�

†@µ�
�
+m2

�tr�
†�+

�1

2

�
tr�†�

�2
+

�2

2
tr
�
�†�

�2
• SU(2)L×SU(2)R×U(1)A symmetric Lagrangian

• U(1)A breaking Lagrangian
LU(1)A =

x

4

�
tr�†�

� �
det�+ det�†�+ y

4

⇣
(det�)2 +

�
det�†�2

⌘

• No mass splitting between π and η
• all mesons contribute to the running

• The interaction has U(1)A breaking effect
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Plan of the talk

1.  Introduction

2. Previous works

3. Restoration U(1)A symmetry

4. Effective theory

5.  Renormalization group analysis

6. Conclusion

✔

✔

✔

✔
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Renormalization group analysis
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Renormalization group analysis
Wilson and Kogut, Zinn-Justin, Pisarski and Wilczek

 Instead of 3D we adopt ε-expansion analysis

 If the phase transition is second order at Tc

⇠ ! 1★ correlation length

 Long range mode dominates at Tc

✦ Physics is described by the theory in 3D

✦ L→∞ limit exists in 3D theory

 Theory in 3D should have stable IR fixed point
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Renormalization group analysis
gi = {�1,�2, x, y}

�gi = µ
@

@µ
gi

4 couplings

β function

Dimensional regularization d=4-ε and MS scheme

β function �gi = µ
@

@µ
gi

gBi = µ✏
X

j

Zijgj

µ
dgBi
dµ

= 0
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Renormalization group analysis
gi = {�1,�2, x, y}

�gi = µ
@

@µ
gi

4 couplings

β function

��1 = �✏�1 +
1

8⇡2

✓
8�2

1 + 8�1�2 + 3�2
2 +

3

2
x

2 +
5

4
y

2

◆

��2 = �✏�2 +
1

8⇡2

✓
4�2

2 + 6�1�2 �
3

4
x

2 � y

2

◆

�

x

= �✏x+
1

8⇡2
x (12�1 + 6�2 + 3y)

�y = �✏y +
1

8⇡2

✓
6�1y +

3

2
x

2

◆
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Renormalization group analysis
• Fixed points of β-function

Fixed points Property
(0,0,0,0) UV FP
(1,0,0,0) saddle point
(4,-2,0,-4) saddle point
(4,-2,0,4) saddle point
(2,-1,-4,2) saddle point
(2,-1,4,2) saddle point✏⇡2/3

✏⇡2

✏⇡2/3

✏⇡2/3

✏⇡2/3

(�1,�2, x, y)
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