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Nuclear force determined by the experiments
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Lattice QCD simulation

Recently, nuclear force has been
studied in lattice QCD simulation.
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In particular, the HAL QCD method
successfully reproduced the repulsive
core of the nuclear force.
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Lattice QCD simulation

Studles of various two-baryon systems including decuplets.
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The lattice QCD simulations gives us hints of the quark dynamics
inside baryons, which is reflected in the short-range potentials.



Quark model calculation

To confirm the quark dynamics, the constituent
quark model will be suitable.
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we want to update this systematically so as to
include decuplets as well as octets.



Research (Goals

Based on the quark model,
calculate short range local potential
by the resonance group method .

- More precise calculation in quark model
- Non local potential =» Local potential

- Decuplet as well as octet
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Strategy

(1) Calculate the mass and wave function of one baryon. / \

Obtained precise wave function by Gaussian expansion method . @ 12

Determine the parameters that reproduce the baryon masses well.

(2) Calculate the potential between two baryons
by using the one-baryon wave function.

Two baryons in the resonating group method




How to calculate one baryon

Gaussian expansion method
The wave function is described by a Set of Gaussian functions.
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Interactions between quarks in one baryon

Color electric interaction
Confining force

Color magnetic interaction as a spin-spin force
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Parameters
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int d Omega,ho int d* lambda |Psi|2[fm 1]

Wave function

u-u distribution in A**
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The wave function of N = 3 is good enough to
calculate the distribution of quarks.



Interaction between baryons

—

 Pauli exclusion principle
« Color magnetic interaction

- < significant in short range

- baryon-baryon interaction.

The most general diagram of
the two-baryon system.

= |n the present study
we focus on the color magnetic interaction.



Color magnetic interaction

Owing to the color symmetry, f |
gluon cannot mediate between color singlets. | 1 1% |
\ !
3 4

Therefore, when gluon mediates,
the quark exchange also takes place at the same time.

Here we show the results | | F% | |
with the following diagram. |
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L ocal potential
AA(1=3,]=0),AA(1=0,]=3)

In general, non-local r # r'.

The interaction range of color magnetic
interaction is short,

so it can be regarded asr =r'.

=|ocal potential
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Local potential w4 r s
pQ(=2)
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They don't have quarks of same flavor, so pf2 have to
interact via other channels.
Then, non-local potential would be essential.

NQ = AE*” _ Z”E“ i Z*UEU CyrtE— E*UE*[] CyF - s NQ
Our strategy:
- Calculate p2 relative wave function y(r) at E = m, + m,

1
2ux(r)

- Calculate equivalent local potential via V(r) = VZx(1)



Numerical results

AA(1=3,1=0)

- We obtain local potential of the range 1fm.

- Color magnetic interaction brings
repulsive core in the 1=3, J=0 channel.

VIMeV]

800

700 £

600

300

400

300

200

100

int d Omega,ho int d3 lambda |Psi|2[fm 1]

0.8

0.6

0.4

0.2

T T
m "del_N3.dat"u l:2every2 =
#

T
"del_N10.dat"u 1:2 ——

™

|
0.5 1 1.5 2
rho[fm]
T T T
Delta Delta{l=3,)=0) —+
1
I
F
=
=
N
+
' T T
0.5 1 1.5




V[MeV]

Numerical results
AA(1=0,J=3)

- Color magnetic interaction brings attriactive core in the =0, J=3 channel.
- Compared with the Gongyo et al., the attraction in 1=0, J=3 is weak.
= Other contribution is necessary.
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Numerical results
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Numerical results
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Compared with the Iritani et al., the attraction is weak.
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Summary

« We calculated baryon-baryon potential of 44(1=3,]=0),
AA(1=0,J=3) and NR(J=2) in the resonating group method by

 The color magnetic interaction brings attraction + + ? ? } \

in the 44(1=0,J=3), while the attraction in the NQ(J=2)
comes from the coupled channels.

Evaluate the most general two-baryon diagram,

* Prospects for the future 1
which contains, for example, these diagrams. +

oS S



How to calculate potential between baryons

 The resonating group method

a' - creation operater
a - - - annihilation operater

Baryon‘s Wave Function |B) and potential operators V Define as follows .
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Then, the expected value of the potential is as follows.
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