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First of all I would like to acknowledge the invitation to participate of this school. 
Also I would like to apologize for my absence due to private circunstances that 
doesn’t allow me to meet worldwide friends. 

  
To be presented by Profs. Oscar Saavedra,  

Luiz Vitor de Souza Filho, Marcelo A.Leigui de 
Oliveira 



Introduction 
•  This talk is almost de same as presented at UFABC – Santo André – 

SP,Brasil, from August 25 to September 04, 2010. 

•  There and here I am using mainly the following 3 main references: 
•  a) Y.Fujimoto & S.Hayakawa, Cosmic Rays and High-Energy Physics, 

Handbuch der Physik vol.XLVI/2-Cosmic Rays II, Springer-Verlag,(1967), 
115-180 

•  b) E.L.Feinberg, Multiple Production of Hadrons at Cosmic Ray Energies 
(Experimental Results and Theoretical Concepts), Physics Reports (Section 
C of Physics Letters) 5, no.5,(1972),237-350. An interesting statement of this 
paper is the pioneering aspect of some theoretical models used by cosmic 
ray experiments.  

•  c) Brasil-Japan Collaboration of Chacaltaya Emulsion Chamber Experiment, 
Supplement of the Progress of Theoretical Physics, No.76,(1983),1-39 
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Introduction 
 
•  Since the time of  this school 
•  (September 19-30, 1988), I am 
•  feeling uncomfortable with the 
•  title: High Energy Interactions.  
•  Everybody agrees that this  
•  concept is relative and we must 
•  be clear about the range we are 
•  talking about. 
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Introduction 
•  Concept of high energy 
•   keV? – domain of Atomic Physics  
•  MeV? – domain of Nuclear Physics  
•  GeV? – domain of ‘Fundamental’ Particle 
                Physics 
•  TeV? – today’s research energy 
•  PeV? – LHC’s energy = 26 PeV     
•  EeV? – GZK’s cutoff = 100 EeV 
•  ZeV? – Planck mass = 1.22 x 107 ZeV/c2 

5th School on Cosmic Rays and Astrophysics 
UMSA - FACULTAD DE CIENCIAS PURAS Y 

NATURALES - IIF – La Paz - Bolivia 



Introduction 
•  What’s difference between collision of protons, 

electrons, etc. with collision like this one? 

5th School on Cosmic Rays and Astrophysics 
UMSA - FACULTAD DE CIENCIAS PURAS Y 

NATURALES - IIF – La Paz - Bolivia 



Introduction 
•  A remarkable observation in the energy range of the 

order of 100 MeV/c is the π-µ decay both in Cosmic 
Rays and in Accelerator experiments in 1947 
(C.M.G.Lattes, H.Muirhead, G.P.S. Occhialini and 
C.F.Powel) and in 1948 (E.Gardner and C.M.G.Lattes) 
& (J.Burfening, E.Gardner and C.M.G.Lattes), 
respectively. 
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Introduction 
•  Incomplete π-µ decay at Pyrénées  

5th School on Cosmic Rays and Astrophysics 
UMSA - FACULTAD DE CIENCIAS PURAS Y 

NATURALES - IIF – La Paz - Bolivia 



Introduction 
•  First complete π-µ decay observed at Pyrénées  
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Sorte ao observar o decaimento em películas de 50 µ 



Introduction 
π+ observed at Berkeley, using Ilford C2 emulsion plate 
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Introduction 
π- observed at Berkeley, using Ilford C2 emulsion plate 
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Introduction 
•  Multiple Meson Production 
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Introduction 
•  Jets 
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Introduction 
•  Especulations for Multiple Particle Production 
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Models of Multiple Meson Production 
The models should cover characteristics of jets 
•  Observation of shower particles distributed in a inner 

and outer cones, that implies in a quite strongly 
forward-backward assymetry in a center of mass 
system. 
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Models of Multiple Meson Production 
The models should cover characteristics of jets 
•  Hadronic interaction is not completely inelastic, beeing 

inelasticity coeficient around 0.5 on average. 
•  Multiplicity increases very slowly with incident energy. 

Some recent dependences assumes 

•  The fraction of energy in π-meson decreases with 
incident energy, that is other particles like Kaon is 
produced      
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Models of Multiple Meson Production 
•  Wataghin’s model (1936, 1941-1943) predicts a strong 

multiplicity dependence, N ~ E1/2. Introduced the concept of 
cutoff (fire-ball) to remove the ultra-violet divergences in the 
field theory.  

•  L.O.W.’s model (1947) also predicts still too much high 
multiplictiy dependence, N ~ E1/3 

•   Heisenberg’s model (1952) predicts  
     same dependence as Wataghin’s,  

     but shows assymetry.  
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Models of Multiple Meson Production 
•  Fermi’s model (1950-1954) predicts  
   multiplicity dependence like N ~ E1/4,  
   but  doesn’t show pronounced assymetry  
   and inelasticity is close to 1. 
•   Landau’s model (1953), using  
    hydrodynamical considerations, shows  
    forward-backward assymetry, multiplicity  
    dependence like N ~ E1/4, a reasonable K/π ratio, but 

high inelasticity value. An important constancy of 
Transverse Momentum   
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Models of Multiple Meson Production 
•  Models for Multiple Meson Production with more than 

1 emitting centers 
•  Takagi’s (1952) and Kraushaar & Marks’s (1954) 

model. A intrinsic difficulty 
    is the assumption of the 
    emission of mesons by a  
    excited nucleons, assumption 
    that seems not reasonable in  
    view of collision and emission  
    time considerations and  
    inelasticity measurements 
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Models of Multiple Meson Production 
•  Ciok’s (1958), Niu’s (1958), Cocconi’s (1958) models 
•  Niu’s two fire-ball model  
•  Where the four-momentum  
    Δ ~ (1-2) GeV/c ~ MNc 
•  a) Ilustration 
•  b) Diagram 
•  c) log tgθ –plot (pseudo 
•  rapidity) 

•  In the Cocconi’s paper it  
    appears the citation  
    TWO FIRE-BALLS 
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Models of Multiple Meson Production 
•  Hasegawa’s H-quantum model (1961) 
•  analogy with black-body radiation. 
•  one motivation was from a  
   composite theory of hadrons,  
   mainly Sakata’s model. 
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Models of Multiple Meson Production 
•  Feinberg’s diffraction dissociation model (1956) 
•  analogy with Optics 
•  this proccess could be either elastic and inelastic 
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Models of Multiple Meson Production 
•  Berestezky & Pomeranchuk’s model (1960) 
•  A.F.S.T., Multiperipheral’s model (1961) 

 

•  Hagedorn, Statistical thermodynamical’s model (1965) 
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Models of Multiple Meson Production 
•  Benecke, Chou,Yang & Yen, limiting fragmentation’s 

model (1969) 
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Models of Multiple Meson Production 
•  Models for Multiple Meson Production at the level of particles 

constituents. 
•  Gell-Mann quark’s model (1964). He mention that a formal 

mathematical model based on field theory can be buid up for 
the quarks (u,d,s) exactly as for (p,n,λ) in the old Sakata model 
(1956). Also he mention a Symmetrical Sakata model and 
Unitary Symmetry. Nowadays there are more 3 quarks (c,b,t). 

•  Feynman parton’s model (1969). From inelastic high energy 
electron scattering results, he extended a pointlike structure to 
the hadrons. 

•  Quark-parton model. Identifying parton as a quark, an extended 
model assumes nucleons composed of a core of partons plus 
additional valence partons and the field quanta is called gluon. 
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Models of Multiple Meson Production 
•  Our (BJ Collaboration) attempts 

•  Empirical formulation of rapidity density distribution in multiple particle 
production in a wide energy range from fixed target to LHC,  Akinori Ohsawa 
et all. – J.Phys.G:Nucl.Part.Physics37(2010)075003 

•  Description of (Pseudo) Rapidity Density and Transverse Momentum 
Distribution in a Wide Energy Range (root s=22.4-7000 GeV), Akinori 
Ohsawa et all. – Int.Jornal of Modern Phys.A27, 9(2012)1250043 

•  We refer to: A nonextensive thermodynamical equilibrium approach in e+e- 
à hadrons, I.Bediaga et. all. – Physica A286(2000),156-163 which in turn 
uses the so called Tsallis Statistics in Possible Generalization of Boltzmann-
Gibbs Statistics, C.Tsallis, Journal of Statistical Physics, vol.52, Nos.1/2, 
(1988), 479-487. That means that it are attempts for Thermodynamical 
Models  



Cosmic Rays - Accelerator 

•  E.L.Feinberg wrote 
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High Energy Interactions 
•  What’s about B-J Collaboration data under particles 

constituents analysis? 
•  This was done by Toru Shibata (Forward hard scattering in 

hadron-hadron collisions in the energy region ~1014 eV, 
Phys.Rev.22,No.1,100-120, (13 December 1979). 

•  In the photo Toru Shibata  
•  at center, Yoichi Fujimoto  
•  (left) and Andrea Wataghin  

•  at rear right  
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1949: Centro Brasileiro de Pesquisas Físicas 
1952: Laboratório de Física 
         Cósmica de Chacaltaya 



Monte Chacaltaya (~ 1952). At the top, the 
place of π-µ observation  

 
 
 
 
 



Homage to obreros. The leader, Sr.Jose at the center  

 
 
 
 
 



•  At 6:12 a.m. of August 7, 1912, Victor Franz 
Hess ascended in a successful balloon flight till 
5,350 m  



Almost 50 years after B-J Collaboration finished the exposure of the first two  

emulsion chambers at µ-meson building (From June,15 to August, 05), 1962  



Construction & transportation of Emulsion Chamber 
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Emulsion Chamber 
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•  Observations of Brazil-Japan Collaboration of 
Chacaltaya Emulsion Chamber Experiment 



Fire-ball analysis by B-J Collaboration 
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Comparisons (Acceleration – Cosmic Ray) data 
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Fire-ball analysis of B-J Collaboration 
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UA1/SppS 



 



Event nicknamed 
Centauro I,  
observed in  
Chamber 15  



February,1999 
Cern Courier 



Março/1985 



March, 1985 -  Nature 
 
A CASTOR (Centauro And 
STrange Objets Research) 
detector is proposed to 
take data at LHC/CERN 
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