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1. Introduction

Motivation: Understanding of hadron physics
from the quark level

Nuclear force

1 long and medmim range ; OBEP

2 short range : mternal structure (repulsive core)

To describe the nuclear force n a unified way,
we need to mclude
1. clural symmetry

2. hadrons as composites

Hadronization ot chiral quark-diquark model



Basic 1dea of hadronization

NJL model and Auxiliary tield method (Bosonization)
(Eguchi, Sugawara(1974), Kild:awa (1976))

q
NJL model : claral gym. J ><
q

Auxihary field method :

NIL(quark) model — meson Lagrangian
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Path-mntegral 1de11t1h




*Ebert, Jurke (1998)
-Abu-Raddad, Hosaka, Ebert, Toki (2002)

<> Bosonization was extended to baryon by mcluding diquark.
B=qg+D
q
B 1
D
< GT relation, WT identity 1s satisfied.

1. chiral symmety — O.K

2. hadrons ag composites —  O.K




2. Lacrancian (AbuRaddad et al PRC, 66, 025206 (2002))
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II. Introduction of diquark

- Pauli principle (Spin, Izospin)
5 L“ =t Bcalar 1C darK D
fost atic (0, 0) calar diquark

*Color singlet for baryon (1,1) -+ axal-vector diquark D),

O As a first step, we take into account only scalar diquark

ITI. Quark-diquark mteraction

— local mteraction

< Microscopic(q, D, M) lagrangian

L=7li@—in—(o'+m)-ays | - %(G’ +111,)* +O(my)

+ D" (0* +MHD+G7zD*' Dy 7



Hadronization

[. Barvons are mntroduced as anxiliary fields =Dy

T s
L=3%8"'"y+D*AN"'D-G(BDy+¥D*B)——=BB+---

ST=i(@-m,)-M, M =c+y+av;
At =0 +M;

II. ¢ and D are mtegrated out by
.i‘ Dy |esp .a'*l‘.::f YAy =exp(titrlogA)

<> Meson baryvon lagrangian
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Expansion: trlog(l-4)= _n“ A+ 47 o
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Nucleon properties (one N term)
Magnetic moment, radms, g, was calculated.
*GT relation, WT 1dentity 18 satizfied.
Abu-Raddad et al (2002)

Nuclear force (two N term)

*Two types of NN force

OBEP with torm tactor

— long and medium range

q-D loop

— short range




3. Structure of NN force

long and medium

............ chiral 0 and 7 exchange

short range

loop diagram in terms of
quark and diquark



long range part | * - * *©. © exchange potential

7NN axial- coupling

g, =0.87
* (3T relation 18 satistied
OPEP potential

y(-r}g) g1 - qos - ff!:’(f}‘g}
2M N Q_"z + m;"’r 2M
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range = 1,




Short range part

We evaluate for various B.E
| the range. mass and strength of g-D loop
2. relation between these values and nulceon size
and compare our results to OBEP
*Fixed parameters
m,=390, M =600 MeV, A=630 MeV

" Free parameter

(G . quark — diquark coupling constant

(7 controls ¢ - D binding energy, nulceon size, nucleon mass.



gqDloop
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Weinvestigat e the case P =0
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Form factors for various B.E

scalar Fis(q) vector Fi(q)
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* B.E. becomes larger (nulceon becomes smaller),
mteraction ranges becomes shorter.



Interaction range, mass and strength
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Mass vs size
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strength vs size
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4. Summary

* Hadronization of ¢-D model gives the composite

meson- baryvon Lagrangian.

* Nuclear force 1z composzed of two part
short range part — gD loop
long and medium range part — chiral meson exchange

"¢ D loop 18 composed of
zcalar tvpe (attraction) and vector tvpe (repulsion).

" Interaction range and mass — good
strength — gcalar tvpe 1z stronger than vector tvpe.

* We need to mclude P-dependence, exchange term, a.v.diquark

and calculate phase shifts, cross section. ..



