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Classical interaction

➢Universal gravitation

𝐹 = 𝐺
𝑀𝑚

𝑅2
= 𝑚

𝑣2

𝑅

➢ Electrostatic attraction

𝐹 = 𝑘
𝑄𝑞

𝑅2
= 𝑚

𝑣2

𝑅
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How about quarks
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𝛻2𝜓 +
2𝜇

ℏ2
𝐸 − 𝑉 𝑟 𝜓 𝑟, 𝜃, 𝜙 = 0

1.Potential model

➢𝑽 𝒓 = −
𝒂

𝒓
+ 𝒃𝒓 Physical review D, 1980,21(1): 203.

➢𝑽 𝒓 = 𝒌𝟎𝒆
−𝜶𝟐𝒓𝟐/𝟐 + 𝒄𝒓 −

𝒂

𝒓
−

𝒃

𝒓𝟐

To Phys. J, 2019, 3: 197−215

➢𝑽 𝒓 = 𝒂𝒓𝟐 + 𝒃𝒓 −
𝒄

𝒓
+

𝒅

𝒓𝟐
+ 𝒆

Modern Physics Letters A, 2022, 37(02): 2250010.

𝑀𝑛𝑙 = 𝑚𝑞1 +𝑚𝑞2 + 𝐸𝑛𝑙
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➢ Three element color charges and their anti-charges

➢ Mesons and baryons are color neutral 

➢ Multicolored charged particles 

e.g. di-quark

2. Classical description

Color charge

𝒄𝒓 ≡ 𝒆𝜽𝒊 𝒄ത𝒓 ≡ 𝒆(𝜽+𝝅)𝒊 = −𝒄𝒓

𝒄𝒈 ≡ 𝒆
𝜽+

𝟐𝝅
𝟑

𝒊 𝒄ഥ𝒈 ≡ 𝒆(𝜽−
𝝅
𝟑
)𝒊 = −𝒄𝒈

𝒄𝒃 ≡ 𝒆
𝜽−

𝟐𝝅
𝟑 𝒊 𝒄ഥ𝒃 ≡ 𝒆(𝜽+

𝝅
𝟑)𝒊 = −𝒄𝒃

𝒄𝒊 + 𝒄 ҧ𝒊 = 𝟎 𝒄𝒓 + 𝒄𝒈 + 𝒄𝒃 = 𝟎

𝑪 =෍
𝒊=𝒓,𝒈,𝒃

(𝒏𝒊𝒄𝒊 + 𝒏 ҧ𝒊𝒄 ҧ𝒊)
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2. Classical description

Interaction between two color charge

𝑭𝑪𝟏𝑪𝟐 = 𝒁
𝑪𝟏⋅𝑪𝟐

𝒓𝟑
𝒓

➢ The dot product between two unit color charges

𝒄𝒊 ⋅ ±𝒄𝒋 = ቐ

±𝟏 𝒊 = 𝒋

∓
𝟏

𝟐
𝒊 ≠ 𝒋

➢ Interaction between a quark and a Neutral particle

𝑬𝒑 = −
𝒁

𝒓
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2. Classical description

The color magnetic field 

𝑎

✓ Circular motion of color charge forms color flow

𝐼𝑐 = |𝑐|
𝑣

2𝜋𝑎

✓ Circular color flow excited color magnetic field

𝐵𝑐𝑧 = 2𝑇𝐼𝑐[
1

𝑎 − 𝑟
𝐸 𝑘 +

1

𝑎 + 𝑟
𝐾(𝑘)]

✓ The color magnetic field energy

𝐸𝐵𝑐 = 22.97𝑇𝐼𝑐
2𝑟

= 0.5818𝑇
𝑍

𝑚𝑟2

𝐵𝑐 = න
𝑙

𝑇
𝐼𝑐𝑑Ԧ𝑙 × Ԧ𝑟

𝑟3
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2. Classical description

Interaction from spin

✓ Color flow attracts in the same direction and 

repels in the opposite direction

✓ Treating spin as the rotational motion of color 

charge

✓ the harmonic oscillator potential caused by 

spin

𝐹 𝐹

𝐹𝑆1𝑆2 = −𝑘 𝑟 − 𝑟0 = −
1

2
𝑚𝜔2(𝑟 − 𝑟0)

𝐸𝑆 =
1

2
𝑘𝐴2 =

1

2
𝑘 𝑟𝑀 − 𝑟 2

=
𝟏

𝟐
𝒌𝒓𝑴

𝟐 +
𝟏

𝟐
𝒌𝒓𝟐 − 𝒌𝒓𝑴𝒓
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2. Classical description

Quantization hypothesis

𝐸𝑆 = 𝐿 +
1

2
ℏ𝜔 𝐿 = 0,1,2,⋯

2𝜋𝑟𝑛
𝑣𝑛

=
𝑛 +

1

2

2𝜋

2𝜔
(𝑆 = 0)

𝑛 + 1
2𝜋

2𝜔
(𝑆 = 1)

𝑛 = 1,2,⋯

𝑟𝑛
3 =

𝑛 +
1

2

2
𝑍

𝑚𝜔2
=

2𝑛 + 1

3

2

𝑟1
3 (𝑆 = 0)

2𝑛 + 2

2

2
𝑍

𝑚𝜔2
=

𝑛 + 1

2

2

𝑟1
′3 (𝑆 = 1)
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3. Parameters and results

𝑩𝒄 = න
𝒍

𝑻
𝑰𝒄𝒅Ԧ𝒍 × 𝒓

𝒓𝟑
𝑭𝑪𝟏𝑪𝟐 = 𝒁

𝑪𝟏⋅𝑪𝟐

𝒓𝟑
𝒓

➢ 𝑀𝑛,𝐿 = 𝑀 −
𝑍

2𝑟𝑛
+ 0.5818𝑇

𝑍

𝑚𝑟𝑛
2 + 𝐿 +

1

2
ℏ𝜔

with 𝑀 = 𝑚𝑄 +𝑚𝑞 , 𝑚 =
𝑚𝑞𝑚𝑞

𝑀
➢ Using  some experimental data on mass and radius of 𝜋 & 𝜌

from PDG  to estimate Z and T

𝑍 ≈ 1.33 × 10−26𝑁𝑚2, 𝑇 ≈ 4.43 × 10−44𝑁𝑠2
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➢ Calculation on some other mesons' radii and compare 

with literatures

3. Parameters and results - 11 -



Reference data source - 12 -



Summary

➢ we propose a classical expression based on color charge 

interactions between a pair of quarks. 

➢Especially, the  design of the superposition and dot 

multiplication of quark color charges predicts the existence 

of non unit color charge elementary particles.

➢The estimated vacuum static color gravitational constant 𝑍
and color magnetic field constant 𝑇 presented in this talk are 

quite rough. However, we are eager to obtain more accurate 

values as soon as possible.

➢we hope that the classic approach in this report can provide 

a simple and visualizable approach to study the interior of 

microscopic particles.

- 13 -



Advances, Innovations, and Prospects in High-Energy Nuclear Physics



Ԧ𝑟
𝜃

𝑃

𝑅
Ԧ𝑎𝜑

𝑥

𝑦

𝑧






