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Origin of Nuclear Force
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Color magnetic interaction
(One gluon exchange)
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e QCM predicts a quite characteristic feature in the YN
Pauli effect in quark level and YY interaction in SU(3) world
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Baryon Baryon interaction by Lattice QCD
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Baryon Baryon interaction by Lattice QCD
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o VA—VIEH
e Quark Cluster model (Oka, Yazaki)

e fss2 (Y. Fujiwara et al.)

e Chiral Effective Field Theory

e J. Haidenbauer et al.

e Lattice QCD
e HAL QCD Collaboration
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Color magnetic interaction
(One gluon exchange)

Effective meson
exchange potential
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Quark Pauli repulsive force

..‘:. ‘ Enlarge X*p scattering cross section

Pauli effect in quark level
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e The effect of the Pauli principle on the interaction between composite
particles was first studied by Saito in the case of the interaction between
two alpha-particles.

e Calculate S-wave phase shift in the RGM framework by retaining only the
exchange kinetic-energy kernel

[§.+ zﬂ’j;xp a—‘;z—)z]xa(R)

— [aR (- HE R, R)+ HEO(R, R))— & oHUR, B) 2ol R)

e |nput parameters
e Harmonic-oscillator constant b (size)
e Up-down quark mass m 4
e Quark-gluon coupling constant o, AAAAA

e Ratio of strange to up-down quark mass A=m./m,,

b=06fm, mw=313MeV, as=15187, A=1.25




o VA= LARNILTONDYFRADHNTWSIEEZTRTIE

1 | csr| psF| gsF Do +—5 EEEDY +—5 D
Xv=(=95 &&IPSIED B8 o pmmnozsoaa

Xy >0 5| 184
Xy <0 FF 7184
X=y Xn=0 X=-3
1.3 _3\: 13 _1\s ( =__1,)1
NN 13§ ZN(Iw—Z)S AN '3S }JN(I 2)s sN(1=7)'s
(M‘Zl;;/c) K K+ McC K+ MC K+ MC K+ MC K K+ MC
_ _ A=1 A=160 | A=169 A=1.69 A=1 A=1 A=1.69
£=1000 | £=04691 | £=04192 | £=04679 | t=04822 | L—04679  ¢—08935 | t—04192 | £—04679
200 10.49 8.18 7.52 9.61 —4.45 0.91 —24.10 | —22.38 | —23.03
400 12.15 9.98 10.09 12.23 —6.16 1.19 —46.90 | —43.45 | —44.72
600 8.78 7.54 8.60 9.93 —4.63 0.88 6719 | —62.02 | —63.86
800 4.62 4.12 5.59 6.17 —2.05 0.42 8370 | —76.78 | —79.11
1000 1.39 1.24 2.62 2.79 —-0.51 0.12 —92.81 —83.84 —86.59
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S-wave

AN'P, P
(IN(I=?)'P)
NN*P
(ZN(1=3)P)

400 600
Din(MeV/c)

|
800 1000

e Phase shift with the A=1 and UMC¢
term off

e Only one parameter b

Even-parity state of the NN system
Pauli effect works attractively
Thus repulsion comes from the
color magnetic interaction




Formulation of QM

[ ]
- es () f
Q 1 C N 4.‘.4. . 1T 1calti11ii > N C

e Hamiltonian used for the (3q)-(3q) system

H= 2T+ qu(l ])

i<j=1

e Fermi-Breit interaction (one-gluon exchange potential)

Ho=U+ U+ UM+ U+ U+ U+ UT"
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1 dr [ 1 (. ) = (5| - (myd)”
Mc (mud) K2 [k2 (k-p1) k-p2) = (1 pZ)] mymy color magnetic

GC —n(l)z 1

Myd 2( ud)
2 + (01 - 02)
e 2 ( 2) ) symmetric LS
w i) Elinon) ) e ) o
2 ' 2 2 D (mot)2
alLS —% (mhd) k_gl [k,p1 +p2] —(’Zfﬁ) o.1+(m_112<i> 62+%(0'1 —07)
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o RFRZDBEHRZIEASLSHDEIRIIMAA ?
o R KILAYUDRHL?
e one gluon exchangelZIRN HLSIEMZHNT NS D H ?

o YNHHE/ERATIFFHLWWI A TDLSHNEL S

e anti-symmetric LS (ALS) force

L S,
Forbidden in NN channel

from isospin symmetry LS force : V| sLe(s;+s,)

LSC) force : V, Le(s,-S,)
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e anti-symmetric LS 77 Lt LgSy = ~(Lg+ L5, )
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e [ f> ¢ 7930~
TA72E72 pa: 7 34
e ALS = 1ER|IE 3 (ZEf)e (74 Y RE V) (RE V)

[ (S.~S.) 130t/ = (R %FR) e (R FF) e (3T FR)
(1L, - 17 ~|u1.5->) E1BHT-ONNTERCY T LR EN S,
- 7

& 71 34

2015/6/19 CYRICt = +—



(27)

&
& (10%)
W
&%
®

(10)

(8a)

e — 75 CYNE TlAnt-symmetric LSAILXIEF 1258 < % €
EOFA—ORBBETCEFEINTILS

o (85)IE & (8a)IEMALSIZCK > TIEEIZHELS Ay TILT B8
e — 5 COBEPTIX5& LVALSIF H A& LY

3E or 10

NN(I=1)

AN 1/v10[(8.) «3(27)] 1 8.) + (10%)]
SN(I1=1/2)  1/V10[3(Z) - (27)] 1/V2[(8,) + (10%)]
>N(I=3/2) (27) (10)

A —OERTIZANHEEERDSISEALSE £ ITKEFLVH., LSHIESLS-ALST
MLLEOHBSEWNMIX vy oEILLTLELTIEEICIHNEINEEZZONTLNS
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e >*p channel

e one gluon exchangelZ & A ALS

o INHHEBEEAHDLSAIFALSESLSD X ¥ o EILICKYIERIZ/IHNE
LY,

o flavor singlet state (HZ 4 /N A V) IZFEET 2 Hh ?
3E or 10

NN(I=1)

AN 1/V10[(8.) +3(27)] 1/v2[-(8,) + (10%*)]
2N(I=1/2)  1/v10[3(8.)-(27)] 1/N2[(8,) + (10%*)]
ZN(I1=3/2) (27) (10)
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