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Chiral Symmetry

A symmetry of QCD in the massless limit
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Left handed

One flavor quark state
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equivalently

b — exp(ify )5 — exp(ifays)ir
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In SU(3)r, QCD is invariant under
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Chiral Multiplet
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Chiral Multiplet
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Nucleon Resonances
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Nucleon Resonances
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Nucleon Resonances

1900MeV

0939MeV

= Chiral restoration higher in the spectrum!?
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Goldberger-Treiman Relation
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Goldberger-Treiman Relation

Nucleon mass

7
gaMn

Axial charge
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Pion Nucleon coupling Pion decay constant
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Goldberger-Treiman Relation

Nucleon mass

7
gaMn

Axial charge

~—

gnrn NN —
x

/ N

Pion Nucleon coupling Pion decay constant

Restoration of the chiral symmetry : g=nn = 0
L.Ya. Glozman: Phys. Rev. Lett. 99 191602 (2007)

* Requirement for restoration: ga ! 0
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Lattice QCD Results
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Lattice QCD Results
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Theoretical Framework

O Relativistic Quantum Mechanics (RQM)

i.e. quantum theory respecting Poincaré invariance
(theory on ‘H corresponding to a finite number of particles, not a field theory)

O Invariant mass operator

M = Mfree + Mint = \/H2 Proet D [ veerd v

1<J

Relativistic kinetic energy : o = Z \/ﬁ? +m;

Confinement : Vconf Vo + Cry;

/\

Hyperfine interaction V;;’ : OGE, psGBE, EGBE
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Transition Matrix Elements

o Matrix elements of the axial current operator
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_ T,
U" (P, X")gav" %EU v (P, %)

Ta

UVA(Pa > )9A7 75§UV>\(P7 E)

& o™
~ e
N | Ot Nilw DO | —
]
\/

N T N W N =

A

)

)

J

\

(P, J, Y| AM(Q? = 0)|P, J, %) =

53 (k1 + ko + k o o
2M2/d3k1d3k2d3 (1K + k) b (kl,kz,kg;ai,aé,aé)

2w1 2(,02 2(,03

. / / / . — — — .
<k17k27k370-170-270-3‘ Ag ‘k17k27k370-170-270-3> X \IJPJE (k17k27k370170_270_3>




Motivation Formalism Results Summary

Spectator Model

O Spectator Model

</<71>/<329k3;0/1>05>0:/3’ Aff k1, ko, k3; 01, 02,03) =

1| AM ~ -
3 <k17 0-1‘ Aa.’Sl\.-'"I |k1> 01> 2("-)22(*)3()0205()0305

where

T

<k17 0-/1‘ AZ,SM ‘klv 01> = U (klv 0-1) gzlfyuq%gau (klv 01)

gfﬂl = 1 (pointlike constituent quark)
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Results

Axial charges of N and N* resonances

Axial charges of N and some N* relative to other results

Axial charges of all positive-parity N* resonances
below 2 GeV

Axial charges of all negative-parity N* resonances
below 2 GeV
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OGE & GBE
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L.Ya. Glozman, M. Radici, R.E Wagenbrunn, S. Boffi, W. Klink, V. Plessas:
Eur. Phys.J.A 12,91 (2001)
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Extended GBE
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Eur. Phys.].A 12,91 (2001)
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Axial Charges

EGBE Lattice QCD ’

GN

1.15 1.10~1.40
1.16 —
0.02 ~0.00
0.35 —
0.51 ~0.55

N
Qo
=
—~  +

N*(14
(1
(
(

Ut

LW =

1 e
N S SN SN

~J

(-

-
_|_

x

Y] IR o] P N1 I N ) PR N

=
—
=
—
=
—

Ut
-

1.66

1.66

|. L.Ya. Glozman,A.V. Nefediev: Eur. Phys.].A 12,91 (2001)
2. Toru T.Takahashi and Teiji Kunihiro : Phys.Rev.D 78 011503 (2008)
and further lattice QCD calculation
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Summary

Positive-Parity States
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Negative-Parity States
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HADRONS

Axial Charges of Multiplet

EGBE psGBE OGE
State JP Mass ga Mass ga Mass ga
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Summary

(O Performed a consistent study of ga for N and N*
within the RCQM.

(O Results show generally considerable relativistic effect.

(O The pattern of axial charges so far known from
experiment and lattice QCD is also yielded by the RCQM.

(O Most of the ga for higher-spin N* resonances
below 2GeV are not small.

() We await further lattice-QCD results.




