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Characteristic Scales

Heisenberg:
˂b2˃1/2 = RT = x > 1/<-t >  1 fm

x > √s /(2 < t2> - < t >2 )  104 fm at LHC 

(x)2 ≡ < x2 > - < x >2

|p A,B| =√ s/2

rCompton(Higgs) = 1.6·10-3 fm
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Elementary Geometry of Collision
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<b1b2> = <b1b12>= <b2b12> = 0 

< b1b2>   ≠ 0 
< b1b12>  ≠ 0 
< b2b12>  ≠ 0 

High  Energies

Low  Energies

< b2> = < b1
2>+ < b2

2 > + < b12
2 >  ≥ < b1

2>+ < b2
2 > 

b = b b = b1 +b01 b = b1-b2+b12



Uneasy Separation
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<b2>, fm2 1.6
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<b2> ≈ 2 <b2>p

<b2> ≈ (1.26 fm)2

=  2 <b2>p + (0.81fm)2

<b2>p ≈ (0.68 fm)2

B(s) = d[ln(dσdt)]/dt (t=0) = ½<b2>

NB: Internucleon distances in nuclei: 1.2 – 2.0 fm



Two phenomena to be related

Change of the growth

rate at ≈ 7 ÷15 GeV

Stop of the decrease at  ≈ 7 ÷15 GeV

Bpp ,

GeV -2
σtot(pp)



Straightforward optical analogy: a 2nd dip at t  - 1.7 GeV2.

tdip ~ 1/RT
2
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Past, present ….





Sizes of nucleons

<r2>ch(proton) = 0.770 fm2 ,   <r2>ch(neutron) = - 0.116 fm2

<r2>ch = i ei<r2>i 

Physical nucleon radius

<r2>(nucleon) = maxi <r2>i  = 0.711 fm2

<b2>(nucleon) =(2/3) <r2>(nucleon) = 0.474 fm2 = 11.85 GeV-2

B =Bcr = 11-12 GeV-2 at the “knee” 



Asymptotic expectations ( “ s  ”) :                                  
tot  8΄P(0)(P(0) –1)ln2(s) + ...
8 B(s)

“Popular values”: P(0) = 0.08, 
´P(0) = 0.25 GeV-2

 =? 7 TeV  tot  43 mb,  B(s)  4.3 GeV-2

LHC:    tot  100 mb ,  B  20 GeV-2

tot« 8  B

Asymptotic theory:



“Theory”

T(s,t) = (t)s(t)



better chosen cosmology...

A la recherche du Pomeron  perdu        



LHC against models

General Failure…



Experiment

Theory

QCD against the Diffraction Data



Damned Questions

♣Why do cross-sections rise? 

♣ Where are other dips?

♣ Where the Asymptopia lies?

♣ Etc, etc…



Conclusions

(1st movement. Lamentation)



“There is still plenty of good

music to be written

in C major.”

Arnold Schӧnberg
. 

Conclusions 

( 2nd Movement. Consolation) 

At the LHC we seem to be still far from 

the “truly asymptotic” region but


