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Classical proton radius

𝑹𝑪𝑳 ≈ 𝟏, 𝟓 ∙ 𝟏𝟎−𝟑𝒇𝒎
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• “If the proton were a spherical ball of charge, this rms radius would indicate a true radius of 
𝟗. 𝟓 × 𝟏𝟎−𝟏𝟒cm…”  (0.95 fm)
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MEAN-SQUARE CHARGE RADIUS

𝒓𝟐
𝒄𝒉,𝒏

= −𝟎. 𝟏𝟏𝟓 ± … (𝒇𝒎)𝟐

𝒓𝟐
𝒄𝒉,𝒑

= 𝟎. 𝟕𝟎𝟕 ± … (𝒇𝒎)𝟐
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5

𝑾𝒉𝒚 𝒓𝟐
𝒄𝒉,𝒏

< 𝟎?



From “charge radius" to 
physical radius of nucleon 

𝑭 𝒕 = ෍

𝒊∈𝒗𝒂𝒍

𝒆𝒊 න

𝟎

𝟏

𝒅𝒙 𝒇𝒊(𝒙, 𝒕)
𝒇𝒊 𝒙, 𝒕

= 𝟐𝝅 න

𝟎

∞

𝒅𝒃 𝒃𝑱𝟎(𝒃 −𝒕) ෨𝒇𝒊 𝒙, 𝒃 ,

𝒇𝒊 𝒙, 𝒕 = 𝟎 = 𝒇𝒊 𝒙 , 𝒊 = 𝒖, 𝒅

Physical radii
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𝐾+ = 𝑢 ҧ𝑠

𝐾0 = 𝑑 ҧ𝑠

𝑟 = 𝑟2 1/2, 𝑟2 = 0.313 ± 0.001 𝑓𝑚2

𝐹𝐾+ 𝑡 =
2

3
׬ 𝑑𝑥 𝑢𝐾+ 𝑥, 𝑡 +

1

3
׬ 𝑑𝑥 ҧ𝑠𝐾+ 𝑥, 𝑡 , 𝐹𝐾0 𝑡 = −

1

3
׬ 𝑑𝑥 𝑑𝐾0 𝑥, 𝑡 +

1

3
׬ 𝑑𝑥 ҧ𝑠𝐾0 𝑥, 𝑡

𝑆𝑈𝑓 3 : 𝑑𝐾0 𝑥, 𝑡 = 𝑢𝐾+ 𝑥, 𝑡 ; ҧ𝑠𝐾0 𝑥, 𝑡 = ҧ𝑠𝐾+ 𝑥, 𝑡

𝑟2
𝐾+ =

2

3
ҧ𝑟𝑢
2 𝐾+ +

1

3
ҧ𝑟 ҧ𝑠
2 𝐾+ ; 𝑟2

𝐾0 = −
1

3
ҧ𝑟𝑢
2 𝐾+ +

1

3
ҧ𝑟 ҧ𝑠
2 𝐾+

ҧ𝑟𝑢
2 𝐾+ = 0.39𝑓𝑚2 ҧ𝑟 ҧ𝑠

2(𝐾+) = 0.16𝑓𝑚2

ҧ𝑟𝐾+
2 = ҧ𝑟𝐾0

2 = 0.275𝑓𝑚2 = (0.525 𝑓𝑚)2Physical radii:

MESONS

ൗ
𝑟𝐾𝑎𝑜𝑛

𝑟𝑛𝑢𝑐𝑙𝑒𝑜𝑛
= 0.68 ≈ ൗ2
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"Gravitational radius" of the proton. 

• 𝑅𝑔𝑟𝑎𝑣
𝑝𝑟𝑜𝑡𝑜𝑛

=
2𝐺𝑚𝑝𝑟𝑜𝑡𝑜𝑛

𝑐2 ≈ 2,5 ∙ 10−38 𝑓𝑚

• Interaction of gravity with matter

න 𝑑4 −𝑔 𝑇𝜇𝜈ℎ𝜇𝜈 , 𝑔𝜇𝜈 ≈ 𝛾𝜇𝜈 + ℎ𝜇𝜈

𝑟𝑔
2 = 6

𝑑𝐺(𝑡)

𝑑𝑡 𝑡=0
≈ 0.45 𝑓𝑒𝑟𝑚𝑖 2 → σ𝑎 ׬ 𝑑𝑥𝑥𝑟𝑎

2(𝑥)𝑓𝑎(𝑥, 𝜇2)

“Mass structure and pressure forces inside the nucleon…”

𝑝′ 𝑇𝜇𝜈 𝑝 = ෍

𝑗

Λ𝜇𝜈
𝑗

(𝑝′, 𝑝)𝐺𝑗(𝑡)
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𝑺𝒕𝒓𝒆𝒏𝒈𝒕𝒉 𝒐𝒇 𝒎𝒂𝒕𝒆𝒓𝒊𝒂𝒍𝒔 𝒊𝒏𝒔𝒊𝒅𝒆 𝒂 𝒉𝒂𝒅𝒓𝒐𝒏?!



Parton picture (Bjorken-Feynman-Gribov)

∆𝑡 =
2𝑃

σ𝑖

𝑚𝑇,𝑖
2

𝑥𝑖
− 𝑀2

? ↔ 𝑟𝑛𝑢𝑐𝑙𝑒𝑜𝑛
𝑣𝑎𝑙 2

(𝑥𝑖𝑃, 𝒃)

(𝑃, 𝟎)
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𝑅2 = න 𝑑𝑥 ෤𝑔 𝑥 𝑅2 𝑥 = ෍

𝑛

𝑛 ෤𝑔𝑛𝑅𝑛
2

𝜶𝓟 𝐭 ≈ 𝟏 + ∆ + 𝜶𝓟
′ 𝟎 𝒕 + ⋯



Important Digression: Missing elements of partonic description

Ersatz:

෥𝒈𝒏~ 𝜹(𝒏 − 𝒏 )

?

10𝑅2
𝑡𝑟𝑢𝑒 = ෍

𝑛

෤𝑔𝑛𝑅𝑛
2 𝑅2

𝑒𝑟𝑠𝑎𝑡𝑧 =
σ𝑛 𝑛 ෤𝑔𝑛𝑅𝑛

2

𝑛 𝑛 = ෍

𝑛

෤𝑔𝑛𝑛



𝑷∗ ≈ 𝑶 𝟏𝟎 𝐆𝐞𝐕 11
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𝒔𝒎𝒊𝒏 ≈ 𝟐𝟎 − 𝟑𝟎 𝑮𝒆𝑽 ≈ ? ≈ 𝟐𝑷∗
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Место для уравнения.



𝑑𝑠2 = 𝑔𝜇𝜈𝑑𝑥𝜇𝑑𝑥𝜈 = 𝑐2𝑑𝜏2 − 𝑑𝑙2

𝑑𝜏 = 𝑔00𝑑𝑡 +
𝑔0𝑖𝑑𝑥𝑖

𝑐 𝑔00

𝑑𝑙2 = −𝑔𝑖𝑘 + 𝑔0𝑖𝑔0𝑘/𝑔00 𝑑𝑥𝑖𝑑𝑥𝑘

𝑑𝑙2 = −𝑑𝑠𝑑𝜏=0
2

On the spatial size of bodies
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Distance and time: «a fly in the ointment»

𝑭 𝒕 =
𝟐𝒑𝝁

𝟒𝒎𝟐 −𝒕
𝒑′ 𝑱𝝁 𝒑 = ׬ 𝒅𝟒𝒙 𝒆𝒊𝒒𝒙 𝛀

𝜹𝑱𝝁(𝒙)

𝜹𝝋+(𝟎)
𝒑 , 𝒕 = 𝒒𝟐

𝜹𝑱𝝁(𝒙)

𝜹𝝋+(𝟎)
= 𝒊𝜽(−𝒙𝟎) 𝑱𝝁 𝒙 , 𝑰+(𝟎) ,  𝑰+ 𝒙 = (𝝏𝟐 + 𝒎𝟐) 𝝋+(𝒙)

𝜌𝑐ℎ 𝒓 =
1

2𝑚
׬ 𝑑 𝑥0 𝛺

𝜹𝑱𝟎(𝑥0, 𝒓)

𝜹𝝋+(𝟎)
𝒑 = 𝟎𝑟𝑐ℎ

2 = ׬ 𝑑 𝒓 𝒓2 𝜌𝑐ℎ(𝒓)

𝛺
𝜹𝑱𝟎(𝑥0, 𝒓)

𝜹𝝋+(𝟎)
𝒑 = 𝟎

𝒄→∞

~ 𝜹(𝑥𝟎)
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1. The physical (geometric) radius of a hadron is not determined 
directly but is derived from the “form factor radii”.

Two facts that seem to be related:
2. The elastic cross section in proton−proton scattering changes 

in the energy range 𝟐𝟎÷𝟑𝟎GeV from decreasing to increasing.
3 . The gluon cloud goes beyond the valence core

when the proton reaches an energy of about 10 GeV.
4. All this modulo the problem with a missing partonic requisite.

5. The main problem: non-simultaneity.

(Interim) conclusions
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