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Symmetries in Quantum Chromodynamics (QCD)

«  Symmetry of Lagrangian when m-=0; U(3),XU(3),

g = exp[id (1+y°)]g where 06=06212 including A°=1

« Anomaly breaks the U,(1) part SU(3)xXSU(3), XU(1)

broken: g = exp[id (y°)]g where 6=01°

«  Spontaneous breaking of Chiral symmetry SU(3),XSU(3), =2 SU(3),

broken g = exp[i6 (y°)]g where 6=62\2 including a=1,..8
But we have SU(3) Flavor symmetry (u,d,s quark)

- Can distinguish all effect when looking at correct observables
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Chiral’'symmetry restoration and hadron mass

QCD Vacuum
{ M proton>> rnquark

m_>>m,

x-sym is broken

40% reduction

IA | <qq>p,T|

Nuclear Matter

Nuclear Target experiment
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Vectormeson in Flavor SU(3) symmetry and broken symmetry

Singlet O a)l
) i(uu+dd +SS) .. 1020) = 55
13 } Mixing due to { $(1020) =55
1, -
0, = %(uu +dd - 255) Ms 2 Ma ~ My (782)= ﬁ(uu +dd)
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Chiral"transformation of quark bilinears

«  Chiral symmetry SU(3)gXSU(3),

—

OrL — exp(ié(li 75))qu,_ where 0=6"1°

«  Spontaneous breaking of Chiral symmetry SU(3)gXSU(3), = SU(3)

Iz~  Broken part is

- Quark bilinear
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q— exp(iéyS)q, q—o qexp(i§y5)

qrq — q(1+ iéy5)r(1+ i6y°)q - qrq+ q(i§y5r+ri§y5)q

qq — qa-+27 (i6y° )q

ayz°q - Qr'c*q+qiy’r* | 6,7 |g

ay“q— Gy q+aiy’y* | 6,1

]

q=qyr"q




Spin-1 Flavor Octet

Spin-1 Flavor Singlet No Chiral Partner

f, (Singlet)

O

(Uu +dd +§s)

¢(1020) SS 0 =
1 _ } mg > mg ~my {
a)(782):—(uu+dd)

NG 0, = —=(Tu +dd - 255)

&\Hw
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K, (1270)

J+:1+

O (1420)
a, (1260)@ a
Of,(1285)
K. (1270)

Broken Chiral Symmetry
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Chiral Symmetry Restoration



Chiralsymmetry restoration

1) 40 % at nuclear matter

2) Order parameters of chiral symmetry
_ _ _ : . /1 : :
= (00)= (0.0 +Ted) =—1im (Tr[S(x,0)]) = lim <§Tr[8(x, 0)—iy*S (x,0) |ys]>

Through model calculation — pionic atom, z-N production at threshold

> HVV_HAA:\% Ja*x | (@r e*a(x).arw"a(0)) ~ (@rtiy*r*a(x).qeiy**a(0)) ]
_ —%Tr[y”(S(x,O)—iysS(X,O)i75)7/”(S(O,X)_WSS(O’X)WS)]

Through model calculation — pionic atom, z-N production at threshold

= HK*K* I 2o

o° _<(U)/ﬂ;/5/138)(§)/#75/13u >> — <(Uyﬂias)(§7ﬂﬂau )ﬂ

2o [

=+ s (527, [, (x.0) =S, (x,0)i7*] 4%, 8))~{u <> 5) |




Weinberg type sum rules

* Im(I1% -1

= -ns :....%[2<BSU>]+..:1jds ( . )
Q T s—0
ImIT* < m . =1421 MeV ImIT""
1 i, ~ 236 MeV 1 m, =1403 MeV
M\ W~ o
> S > S

m . =892 MeV m, =1272 MeV.

T,. ~47 MeV Iy ~90 MeV
= f2m? — fZmg =-2m,(tu) fZme. — fomg =2(B,,)=—64ma, (Uu)(Ss)




Chiral symmetry restoration - contiuous

2) Order parameters of chiral symmetry

07 117 = 2 fd* [ (@a(x),da(0)) - (arir'a(x),qeira(0) ]

_ _%Tr[ (S(%,0)~i7°S (x,0)i*)(S (0.%) ~iy°S (0.X)ir*)]

o (500) — 7z production at threshold a possible project at RAON

3) Don’t give up (work on it for 30 years)



