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1 . ELASTIC SCATTERING AND TOTAL CROSS-SECTIONS 

1.1 P r o t o n - p r o t o n e l a s t i c s c a t t e r i n g 

As you know, the pp elastic differential cross-

section depends a priori on two variables, for in-

stance the energy and the scattering angle. However, 

up to one year ago the experimentalists working in 

high-energy pp scattering were accustomed to present-

ing their data as a function of a single variable. 

Such a variable thus contained both an energy and an 

angle dependence, and it was chosen in such a way that 

data at many angles and energies were distributed 

along a single simple pattern. This procedure is 

justified by the idea that in this way the single vari-

able — if it exists — on which the interaction de-

pends will be naturally indicated by the data. The 

most popular example of this is Orear!s plot of s ào/àQ 

versus p^ 0 (s = cm. total energy squared, p = 

= p sin 6 = transverse momentum). Several other pre 

sentations of the data have recently been proposed J. 

The most successful approach was made by Krisch3), 

who was able to display all data available up to about 

one year ago in the fashion shown in Fig. 1. Krisch 

interpreted the existence of three "slopes" separated 

by "breaks" in this picture as evidence for the exist-

ence of structure within the proton. Much discussion 

on the significance of these structures has recently 

been continued in the literature } . However, in order 

to obtain this presentation use was made of an ideal 

cross-section da+/dt for distinguishable protons; it 

is this "true" cross-section which, in the idea of 

Krisch, is likely to show a simple pattern. The func-

tion needed to derive such a "true" cross-section de-

pends on the unknown cross-section itself 

da(e) =da+(e) + da+(ïï-6) 

da+(e) = f (e) dcr(e) 

(9 = cm. scattering angle), and therefore the con-

struction of da+/dt from the experimental data is 

A . D . KRISCH 

F i g . 1 Plot of da+/dt versus 02p* (8 = proton velocity in the 
cm., p± = p sin 8 = transverse momentum) for all high-energy 
proton-proton elastic scattering data (Ref. 3). For references 
on the experimental data and for further discussions on this 
presentation, see Ref, 3, 
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arbitrary and made ad hoc in view of obtaining the 
simple pattern. While da/dt is symmetrical with re-
spect to 90° , dcr+/dt is a decreasing function of 6 
through 90°. However, the function chosen by Krisch 
was not able to accommodate on the exponentials of 
Fig. 1 the data from several precise angular dis-
tributions between 40°  and 90°  and from 8 to 12 GeV/c, 
measured at CERN last year, to better than a factor of 

6) 
two or so J. Also in KrischT s approach one would iden-
tify dc+/dt with the differential cross-section for 
np elastic scattering (n and p are indeed distinguish-
able) . This would imply at 6 = 90°  da(np) = 1/2 

da(pp), whilst at this angle there is a clear indi-
cation for da(np) ~ da(pp) (see Section 1.1). 

As a matter of fact, if one abandons the search 
for a special presentation, one can notice several 
interesting features in the data. An example of 
this situation is seen in Fig. 2, which contains some 
of the recent CERN data, presented as da/dt versus p ±. 
Some data from other groups are also included. The 
curves at each energy end at 9 = 90°. With increas-
ing energy, a wider and wider p ± interval is explored, 
and some new structure appears to be brought in. At 
9 = 90° , the distributions at different energies end 

Fig. 2 Proton-proton elastic scattering differential cross-sections da/dt as 
functions of pi (Ref. 6). The curves joining the experimental points are hand-
drawn to guide the eye. For references on the experimental data, see Ref. 6. 
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  ρ’	
  

TH	
  AcQviQes: 	
  (Bramon,	
  	
  EQm,	
  Greco)	
  
	
  ρ’,	
  	
  Extended	
  VMD	
  model	
  	
  (as	
  Veneziano	
  m.)	
  	
  	
  	
  	
  	
  	
  	
  	
  B.	
  G.	
  	
  
	
  Extended	
  VMD	
  approach	
  to	
  scale	
  invariance	
  	
  	
  	
  	
  	
  	
  	
  	
  B.	
  E.	
  G.	
  	
  
	
  Duality	
  sum	
  rules	
  in	
  e+	
  e-­‐	
  annihilaQon 	
   	
   	
  	
  	
  E.	
  G.	
  
	
  AsymptoQc	
  value	
  of	
  R	
  related	
  to	
  low	
  energy	
  resonances	
  
	
  (duality).	
  	
  	
  With	
  	
  u,	
  d,	
  s	
  	
  quarks: 	
   	
  	
  
	
  	
  

	
  
	
  	
  

	
  	
  	
  	
  	
  	
  	
  Parton	
  Model 	
  (Cabibbo,	
  Parisi,	
  Testa) 	
  R	
  =	
  Σi	
  	
  Qi
2 	
   	
   	
  	
  

2,5	
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•  Stanford,	
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  B.	
  Richter	
  and	
  S.	
  Ting	
  	
  announced	
  the	
  	
  discovery	
  of	
  the	
  J/Ψ	
  	
  at	
  SPEAR	
  and	
  	
  Brookhaven.	
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November	
  RevoluQon	
  

•  Stanford,	
  November	
  12,	
  1974	
  
	
  
	
  	
  	
  	
  	
  	
  M.G.	
  arrived	
  at	
  SLAC	
  	
  invited	
  by	
  Sid	
  Drell	
  to	
  give	
  a	
  seminar	
  on	
  the	
  duality	
  works.	
  
	
  	
  	
  	
  	
  	
  Lot	
  of	
  excitement	
  in	
  th	
  discussion	
  room.	
  
	
  	
  	
  	
  	
  	
  From	
  the	
  details	
  of	
  the	
  SLAC	
  discovery,	
  I	
  realized	
  that	
  the	
  J/Ψ	
  could	
  be	
  seen	
  at	
  	
  ADONE.	
  
	
  	
  	
  	
  	
  	
  I	
  called	
  Giorgio	
  	
  at	
  LNF	
  from	
  the	
  private	
  office	
  of	
  	
  Drell	
  and	
  gave	
  him	
  the	
  exact	
  posiQon	
  of	
  J/Ψ.	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  The	
  night	
  amer	
  	
  the	
  resonance	
  was	
  observed	
  at	
  FrascaQ.	
  
	
  	
  	
  	
  	
  	
  I	
  lem	
  SLAC	
  	
  2	
  days	
  	
  amer	
  to	
  Mexico	
  City	
  with	
  the	
  J/Ψ	
  	
  data	
  and	
  some	
  hints	
  for	
  the	
  Ψ’.	
  
	
  
	
  	
  	
  	
  	
  FrascaQ,	
  	
  November	
  18,	
  1974	
  
	
  
	
  	
  	
  	
  	
  Giorgio	
  Salvini	
  communicated	
  the	
  results	
  of	
  LNF	
  to	
  PRL	
  on	
  the	
  phone	
  and	
  the	
  paper	
  was	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  published	
  in	
  the	
  same	
  	
  issue	
  of	
  the	
  American	
  results:	
  Phys.Rev.Le*.	
  33	
  (1974)	
  1408.	
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the γγ Group [25], the µπ Group [26] and the Bologna-CERN-Frascati Collaboration 
[27], showed a clear evidence of a large multihadron production with R ≈ 2, pointing 
to the coloured quark model. On the other hand they also indicated evidence for a new 
vector meson ρ' (1.6) with a dominant decay in four charged pions, which had been 
suggested by A. Bramon and myself  [28]. The experimental data are shown in Figs. 
[2-3], taken from a review paper of C. Bernardini and L. Paoluzi [29]. 

The ADONE results together with the request of scaling, both in DIS and e+e- 
annihilation, and the Veneziano's duality idea led us to propose a new scheme where 
the asymptotic scaling is reached through the low energy resonances mediating the 
asymptotic behaviour [30]. Thus the value of R is also connected to the low energy 
resonances's couplings, and in the 3 coloured quark model, led us to the prediction       
R ≈ 2.4.  This scheme - named duality in e+e- annihilation - was immediately shared 
by  J. J. Sakurai [31]. Later J. Bell and collaborators also studied a potential model 
where the bound states could be solved analytically and verified this idea of duality 
[32].In addition a set of e+e- duality sum rules was derived from the canonical trace 
anomaly of the energy momentum tensor by E. Etim and myself [33], much earlier 
than the Russian sum rules of M. A. Shifman et al. [34]. The lowest order sum rules 
gives 

      

                                                                                         
where ImΠ (s) = s σhad(s) / 4πα, and clearly it relates the asymptotic value of R to the 
low energy behaviour. One has to stress here that QCD wasn't there yet at that time.  
Fifty years later, by comparing now the value of R from the Particle Data Group with 
all the experimental information, as shown in Fig. [4], with the theoretical prediction 
of QCD with o (αs), o (αs

2) and o (αs
3) corrections included - as indicated by the 

continuous red line - one easily concludes the duality is very well satisfied. The 
average value of R in particular, in the ADONE region, is about 2.4 as it was also 
confirmed by the SPEAR data at the c.m. energy just below the J/Ψ. 

Let's consider in detail the J/Ψ discovery, or what was called the November 
Revolution, from a Frascati point of perspective. As it's well known, on November 
11th 1974, B. Richter and S.C.C. Ting jointly announced in Stanford the discovery of 
the J/Ψ both at SLAC and at Brookhaven [35,36]. I had the terrific chance of arriving 
at SLAC the day after, with an invitation by Sid Drell to give a seminar on our duality 
works, on the way for a visit of a few weeks to Mexico City.  Sid had been on a 
sabbatical leave the year before at Frascati and Rome, so we knew each other pretty 
well. There was a great excitement in the theory discussion room and once I was 
informed of the details of the discovery I realized immediately that the J/Ψ could be 
seen possibly also at ADONE. I asked Sid to let me call Frascati, and from his 
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In particular, for n = 0 the preceding equation takes a much more familiar and simple
form,

∫ s̄

s0

ds

(

ImΠ(s)−
αR

3

)

= 0,(16)

whose generalization to axial-vector channels and to channels with open strangeness was
also discussed by E. Etim, M. Greco and Y. Srivastava in [19].

As previously stated, both the general form of these sum rules and their extension to
different channels suggest that a part of the subsequent work leading to the extremely
successful SVZ- or QCD-sum rules of 1979 was done by a reduced group of people un-
der Mario’s direction. Certainly, this initial ideas developed around 1972 were quite
simple and naive –no gluons, no condensates could be invoked during those pre-QCD
days– but the central point, namely, the dual behaviour between quark- and resonance-
contributions, was already there. For the present author it has been a great pleasure to
remember those days as a postdoc member of the group enjoying a wonderful stay in
Frascati.

∗ ∗ ∗

Thanks are due to Gino Isidori for his kind invitation to participate in the special
Session Honoring Prof. Mario Greco and to the organizers of the meeting in La Thuile
2011 for the excellent atmosphere and organization.
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! 	
  	
  Q=2/3	
  for	
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  charge	
  of	
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  new	
  quark.	
  

	
  	
  	
  	
  	
  	
  	
  A	
  new	
  series	
  of	
  	
  c-­‐cbar	
  resonances	
  giving:	
  	
  	
  
	
  	
  

	
  	
  	
  	
  	
  	
  	
  R	
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  R	
  normal	
  +	
  R	
  charm	
  ≈	
  3.7	
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From	
  the	
  J/Psi	
  to	
  La	
  Thuile	
  adventure	
  

•  Giorgio	
  President	
  of	
  the	
  INFN–CSN1	
  and	
  his	
  support	
  to	
  
phenomenology.	
  IntroducQon	
  of	
  a	
  th	
  observer	
  in	
  CSN1.	
  

•  The	
  CDF	
  adventure	
  at	
  the	
  Tevatron:	
  big	
  support	
  and	
  
resources	
  from	
  LNF.	
  

•  p-­‐pbar	
  Workshop	
  In	
  St.	
  Vincent	
  (Aosta	
  Valley)	
  in	
  1985.	
  

•  Rencontres	
  in	
  Aosta	
  valley.	
  Searching	
  for	
  a	
  site	
  	
  !	
  	
  La	
  Thuile	
  

•  LHC	
  Workshop	
  in	
  January	
  1987	
  in	
  La	
  Thuile.	
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  La	
  Thuile	
  	
  	
  	
  1987	
  	
  -­‐	
  	
  2024	
  	
  	
  



	
  	
  	
  

•  February	
  1987	
  –	
  Supernova	
  1987a	
  
•  Special	
  regional	
  law	
  for	
  Rencontres	
  (INFN-­‐Aosta	
  Valley	
  gov.)	
  
•  1995	
  –	
  Top	
  discovery	
  
•  	
  ν-­‐oscillaQons,	
  Higgs,	
  GW,	
  …	
  

•  S.	
  Ting	
  !	
  AMS,	
  U.	
  Amaldi	
  	
  !	
  Thera,	
  …	
  

•  Giorgio	
  Chiarelli,	
  	
  	
  Gino	
  Isidori	
  

•  Moriond	
  at	
  La	
  Thuile	
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  La	
  Thuile	
  	
  	
  	
  1987	
  	
  -­‐	
  	
  2024	
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  La	
  Thuile	
  1987	
  



	
  	
  	
  

•  February	
  1987	
  –	
  Supernova	
  1987a	
  
•  Special	
  regional	
  law	
  for	
  Rencontres	
  (INFN-­‐Aosta	
  Valley	
  gov.)	
  
•  1995	
  –	
  Top	
  discovery	
  
•  	
  ν-­‐oscillaQons,	
  Higgs,	
  GW,	
  …	
  

•  S.	
  Ting	
  !	
  AMS,	
  U.	
  Amaldi	
  	
  !	
  Thera,	
  …	
  

•  Giorgio	
  Chiarelli,	
  	
  	
  Gino	
  Isidori	
  

•  Moriond	
  at	
  La	
  Thuile	
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