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Symmetries in Quantum Chromodynamics (QCD)

• Symmetry of Lagrangian when m0; U(3)RXU(3)L

q  exp[iq (1±g5)]q  where  q=qala including l0=1

1. Introduction

• Anomaly breaks the UA(1) part  SU(3)RXSU(3)LXU(1)

• Spontaneous breaking of Chiral symmetry  SU(3)RXSU(3)L   SU(3)V

broken:  q  exp[iq (g5)]q  where  q=q0l0

broken q  exp[iq (g5)]q  where  q=qala including a=1,..8

But we have SU(3) Flavor symmetry (u,d,s quark)

 Can distinguish all effect when looking at correct observables



Chiral symmetry restoration and hadron mass
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QCD Vacuum 

Nuclear Matter

Nuclear Target experiment

Finite temperature

Heavy Ion Collision

c-sym is broken

1. Introduction

Mproton≫mquark

mr≫ma1

40% reduction
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Chiral transformation of quark bilinears

• Chiral symmetry  SU(3)RXSU(3)L

( )( )5

, ,exp 1     where        a a

R L R Lq i qq g q q l  =

☞ Broken part is

- Quark bilinear
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1. Introduction

• Spontaneous breaking of Chiral symmetry  SU(3)RXSU(3)L   SU(3)V
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Chiral symmetry restoration

1) 40 % at nuclear matter

2)  Order parameters of chiral symmetry 
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Through model calculation pionic atom,   -N production at threshold  
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4. K1,K1* in experiment
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Chiral symmetry restoration - contiuous

2)  Order parameters of chiral symmetry 
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3)  Don’t give up (work on it for 30 years)


