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Prehistory
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Rutherford (1911): the "distance of closest approach" of alpha particles to the nucleus   

𝒓𝒏𝒖𝒄𝒍𝒆𝒖𝒔~𝒓𝒏𝒖𝒄𝒍𝒆𝒐𝒏 ≤ 𝟏𝟎−𝟏𝟑𝒄𝒎

1911-1955 : no direct manifestation of the proton size

1955:

𝑩𝒐𝒉𝒓 (𝟏𝟗𝟏𝟑): 𝒓𝑯 ≤ 𝟎. 𝟓 ∙ 𝟏𝟎−𝟖𝒄𝒎
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Generally accepted definition of the proton charge radius 

𝑟𝑐ℎ
2 = − 6

𝜕𝐺(𝑡)

𝜕𝑡
𝑡=0

𝑮(𝒕), 𝒕 = 𝒒𝟐

Is 𝒓𝒄𝒉 a radius? 

𝑟𝑐ℎ
2 =  𝑑𝒙𝒙𝟐𝜌 𝒙 ,  𝑑𝒙𝜌 𝒙 = 𝑄 (𝑐ℎ𝑎𝑟𝑔𝑒)

𝜌 𝒙 ∉ R+, 𝑟𝑐ℎ
2 ≠ 𝒙𝟐

𝑝 + 𝑞 𝐽𝜇(0) 𝑝 = 2𝑝𝜇 + 𝑞𝜇 𝐺(𝑡)
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In relativity theory, we lose 
the observer-independent notion of a distance.



What is 𝑟𝑐ℎ
2 ?
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𝑟𝑐ℎ
2 =  𝑑𝒙𝒙𝟐𝜌 𝒙 ,

𝜌 𝒙 =  𝑑𝑥0

1

2𝑚
0

𝛿𝐽0(𝑥)
𝛿𝜑+(0)

𝒑 = 𝟎 =  𝑑𝑥0

1

2𝑚
𝜗(−𝑥0) 0 𝐽0 𝑥 , 𝐼(0) 𝒑 = 𝟎

𝑟𝑐ℎ
2 =  𝑑4𝑥

𝑝𝑥 2

𝑚2 − 𝑥2
𝑝𝜇

2𝑚2 0
𝛿𝐽𝜇 (𝑥)
𝛿𝜑+(0)

𝑝 = 𝑠2 =  𝑔𝛼𝛽 (𝑝)𝑥𝛼𝑥𝛽

𝑝 → 𝑚, 𝒑 = 𝟎 →

− 𝒙 ≥ 𝑥0

𝑐 ≠ 1, 𝑐 = ∞
~𝛿 𝑡 𝑓(𝒙)

= 𝜃(−𝑥0) 𝐽𝜇 𝑥 , 𝐼 0 𝐼 𝑦 = (𝜕2 + 𝑚2)𝜑(𝑦)

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑚𝑒𝑡𝑟𝑖𝑐 𝑔𝛼𝛽 𝑝 :

 𝑔𝛼𝛽 𝒑 = 0 = (  𝑔00 = 0,  𝑔0𝑗 = 0,  𝑔𝑖𝑗 = 𝛿𝑖𝑗)

In the rest frame only!

 𝒅𝒙𝜌 𝒙 = 𝒕𝒂𝒓𝒈𝒆𝒕 𝒄𝒉𝒂𝒓𝒈𝒆
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𝜌 𝒙 = 𝜌+ 𝒙 − 𝜌− 𝒙

𝒓𝒄𝒉
𝟐 = 𝒙𝟐

+
− 𝒙𝟐

−

𝒓𝒄𝒉
𝟐 𝒑𝒓𝒐𝒕𝒐𝒏 = (𝟎. 𝟖𝟒𝟏…𝒇𝒎)𝟐

𝒓𝒄𝒉
𝟐 𝒏𝒆𝒖𝒕𝒓𝒐𝒏 = − 𝟎. 𝟏𝟏𝟔… (𝒇𝒎)𝟐

𝒓𝒄𝒉
𝟐 𝒑𝒓𝒐𝒕𝒐𝒏 =

𝟐

𝟑
 𝑑𝒙𝒙𝟐 𝜌𝑢 𝒙 −

1

3
 𝑑𝒙𝒙𝟐 𝜌𝑑 𝒙

𝒓𝒄𝒉
𝟐 (𝒏𝒆𝒖𝒕𝒓𝒐𝒏) =

𝟐

𝟑
 𝑑𝒙𝒙𝟐 𝜌𝑢 𝒙 −

1

3
 𝑑𝒙𝒙𝟐 𝜌𝑑 𝒙

Physical size of the nucleon?

𝒙𝟐 𝒏𝒖𝒄𝒍𝒆𝒐𝒏 ≈ 𝟎. 𝟕𝟕 𝒇𝒎

Charge density



“Strength of materials” inside the proton?
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PRESSURE INSIDE HADRONS ?

Interpreting hadronic matrix elements of the stress tensor in terms of the concepts of 
“pressure” and “shear forces” borrowed from continuum mechanics is far from a trivial step.

Mechanical equilibrium…

Mechanical stability…

analogy with continuum mechanics…

The distributions of pressure r2pq(r) (top) and shear stress r2sq(r) …

Proton in bench vice?

r  from… to … ?

we treat the interior of a hadron as an elastic medium…

𝑝′ 𝑇𝑖𝑗 𝑝 → 𝑇𝑖𝑗 𝒙 =
𝑥𝑖𝑥𝑗

𝒙2 −
1

3
𝛿𝑖𝑗 𝑠 𝒙 + 𝛿𝑖𝑗𝑝(𝒙)

The pressure distribution inside the proton

M.V. Polyakov
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Impossibility of obtaining time-independent, three-dimensional, spherically 
symmetric densities of confined systems of relativistically moving 

constituents.
The use of the infinite momentum frame, light front formalism seems to be the only 

way to obtain densities consistent with the quantum mechanical definition of 
probability, the uncertainty principle and the principle of relativity.

Gerald A. Miller

Phys. Rev. C 112, 

045204 (2025)

𝜌 𝒙 =  𝑑𝑥0
1

2𝑚
0

𝛿𝐽0(𝑥)

𝛿𝜑+(0)
𝒑 = 𝟎 =  𝑑𝑥0 𝐹(𝑥0, 𝑥0

2 − 𝒙2 )𝜃(− 𝑥 − 𝑥0)

𝜌 𝒙 =  𝜌( 𝒙 )

https://journals.aps.org/search/field/author/Gerald A Miller
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* The main problem: the size of the habit of gluon fields in a hadron.

* Related problem: insufficiency of the descriptional requisite

𝑝 𝒪𝜇1𝜇2….𝜇𝐽

𝑛𝑠,𝑠𝑒𝑎(𝑔𝑙𝑢𝑒)
𝑝 = Λ𝜇1𝜇2….𝜇𝐽

(𝑝)𝑓𝐽
𝑛𝑠,𝑠𝑒𝑎(𝑔𝑙𝑢𝑒)

𝑓1
𝑛𝑠 = 𝑓𝑖𝑥𝑒𝑑 𝑓1

𝑠𝑒𝑎(𝑔𝑙𝑢𝑒)
= 𝑁𝑔 = ∞(? )

* One more problem. 
“Hegerfeld theorem”

on incompatibility of the existence of spatially 
localized discrete particles with the combination of 
the principles of quantum mechanics and relativity.

* No q.f.t. definition of the probability densities.

Problems

𝑥𝑞 =
1

𝑁𝑞
𝑓2

𝑛𝑠
𝑥𝑔 ≠

1

𝑁𝑔
𝑓2

𝑔
=  𝑑𝑥 𝑥 𝑓𝑔(𝑥) 𝑥𝑔 =  𝑑𝑥 𝑥 𝑤𝑔 𝑥 , 𝑑𝑥𝑤𝑔 𝑥 = 1.

https://en.wikipedia.org/wiki/Particle
https://en.wikipedia.org/wiki/Quantum_mechanics
https://en.wikipedia.org/wiki/Special_relativity
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Many thanx for your attention
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