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Prehistory: 1923

THE ELECTRICAL STRUCTURE OF MATTER
By Prof. SIR ERNEST RUTHERFORD

CHEMISTRY AND INDUSTRY Sept. 14, 1923
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𝒏𝒆𝒖𝒕𝒓𝒐𝒏 𝒑𝒓𝒐𝒕𝒐𝒏

𝒑𝒓𝒐𝒕𝒐𝒏 𝒏𝒆𝒖𝒕𝒓𝒐𝒏

𝒆𝒍𝒆𝒄𝒕𝒓𝒐𝒏 𝒏𝒆𝒖𝒕𝒓𝒊𝒏𝒐

TOO WEAK!!!



20 years of painful field-theoretical searches: 

perturbative, strong coupling, Tamm-Dankov etc...



The ψ operators which contain unobservable 
information must disappear from the theory and, 
since a Hamiltonian can be built only from ψ 
operators, we are driven to the conclusion that the 
Hamiltonian method for strong interaction is dead 
and must be buried, although of course with 
deserved honour….. (1959)

QFT

REQUIESCE IN PACE!

...on the basis of 
approximations, it is 
dangerous to make any 
conclusions about the 
situation taking place in 
the exact problem (1959)



New age: Analytic S-matrix & Regge Revolution

Adaptation to relativistic case (1961)

Nuclear Democracy: 
no hadron is more elementary 

than any other!



From the “Yukawa paradigm” 
to the “Regge paradigm”
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High energy                     −𝑡 𝐼𝑅 ≪ 𝑠(𝑈𝑉)
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Experiment: Prehistory 

(1953-70)



𝑺. 𝑷.𝑫𝒆𝒏𝒊𝒔𝒐𝒗 𝒆𝒕 𝒂𝒍. (𝟏𝟗𝟕𝟏)

Middle Age (1971-73)

(Serpukhov proton synchrotron)



New Era (1973-…)
(+ FNAL + ISR)



QCD : 

Official theory of strong 

interactions (since 1973)

“If you are out to describe the truth, 

leave elegance to the tailor.” 

― Ludwig Boltzmann 

Scaling (1968-69): Rehabilitated QFT takes over?



Heisenberg: 𝝈𝒊𝒏𝒆𝒍 should grow as ~
𝝅

𝟒𝒎𝝅
𝟐 𝒍𝒏

𝟐𝒔 !

𝝈𝒕𝒐𝒕 = 𝝈𝒊𝒏𝒆𝒍 + 𝝈𝒆𝒍 ≤
𝝅

𝒎𝝅
𝟐
𝒍𝒏𝟐𝒔



Breakthrough to new frontiers



Τ𝑏2 2 ≈ 𝐵 𝑠 = 2.76 TeV = 17.10 ± 0.26 GeV−2

𝑟2 ≈ 3 𝐵 = 51.3 ± 0.78 GeV−2
Τ1 (𝑚(𝜋0))2 = 54,88 GeV−2

Τ1 (𝑚(𝜋±))2 = 51,33 GeV−2 Accidental coincidence ?

Τ𝑑𝜎 𝑑𝑡~𝑒𝐵(𝑠)𝑡

𝑮. 𝑨𝒏𝒕𝒄𝒉𝒆𝒗 𝒆𝒕 𝒂𝒍. (𝟐𝟎𝟏𝟗)



« Asymptoticity Index »

?

𝜺



Incredible stubbornness of the vacuum 

𝒃𝟐
𝟏
𝟐 𝟏𝟎−𝟐 𝐓𝐞𝐕 ≈ 𝟎. 𝟖𝟖 𝒇𝒎

𝒃𝟐
𝟏
𝟐 𝟏𝟑 𝑻𝒆𝑽 ≈ 𝟏. 𝟐𝟖 𝒇𝒎



- Odderon is allowed

- The Strong Interaction Amplitudes - ?

- Regge residues - ?

- Pomeron (Odderon) slope 𝜶𝑷/𝑶
′ 𝟎 ?

- Pomeron (Odderon) intercept 𝜶𝑷/𝑶 𝟎 ? (𝜶𝑷 𝟎 ≥ 𝜶𝑶 𝟎 )

- Regge trajectories are non linear and flat at 𝒕 → −∞.

- 𝜶𝑷/𝑶 𝒕 → 𝟏 𝒂𝒕 𝒕 → −∞,

- 𝜶𝑷/𝑶 𝟎 > 𝟏 and does not depend on the gauge coupling.



QUO VADIS ?

𝟏𝒇𝒎 𝟏𝟎𝟎𝑴𝒆𝑽 ≠ 𝟏 𝒇𝒎(𝟏𝑻𝒆𝑽)


