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La scoperta  
della particella di Majorana  

nella Superconduttività  
ha richiamato l’attenzione  

sulla esistenza  
dei fermioni di Majorana. 



 4 

Sono fermioni  
tutte le particelle elementari  
dotate di “moto a trottola” 
(spin) dato da un multiplo 
dispari (3, 5, 7, 9, 11, ...)  

della quantità minima che è 
(½) nelle unità dette di Planck. 
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La particella di Majorana  
ha il valore minimo di spin.  

È questa particella  
che è entrata nella  

fisica della  
Superconduttività.  
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Quando il valore dello spin  
è più grande del minimo il termine  

è fermione di Majorana,  
se la particella  

è identica all’antiparticella.  
Esistono infatti fermioni  

che non hanno le proprietà  
ipotizzate da Majorana. 
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Il primo fermione di Majorana  

con spin eguale a (3/2)  
è il “gravitino”.  
Questa particella  

è necessaria per spiegare  
come mai il Sole  

può brillare per miliardi di anni 
senza saltare in aria.  
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Infatti nella  
teoria gravitazionale di Einstein  

(senza gravitini)  
l’interazione tra luce e gravità  

diverge matematicamente.  
Il che corrisponde a dire che,  

se fosse realmente così,  
il Sole avrebbe dovuto esplodere 

quando si è formato e noi non 
potremmo essere qui a parlarne. 
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Lo spin del gravitino  
è tre volte superiore al minimo.  
L’esistenza teorica del gravitino  
è stata scoperta nello studio delle  
interazioni tra forze gravitazionali 

(quelle che fanno cadere le pietre e ci 
tengono legati al suolo)  

e forze elettromagnetiche  
(quelle che producono la luce e le altre 
onde elettromagnetiche tra cui, radio, 

TV, forni a microonde, raggi X ecc…). 
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La necessità di introdurre il gravitino  
è stata teoricamente scoperta  

da cinque famosi fisici teorici,  
grandi estimatori  

di Ettore Majorana [1]. 
 

[1] D.Z. Freedman, P. van Nieuwenhuizen and 
S. Ferrara, “Progress Toward a Theory of 
Supergravity”, Phys. Rev. D13, 3214 (1976); 
S. Deser and B. Zumino, “Consistent 
Supergravity”, Phys. Lett. B62, 335 (1976). 
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PER CAPIRE COME MAI  
IL SOLE BRILLA SENZA 

ESPLODERE  
È NECESSARIA L’ESISTENZA  

DEL GRAVITINO  
CHE È UN  

FERMIONE DI MAJORANA 
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THE FUTURE OF OUR PHYSICS 
 

I Physics Problems 
 

II The Whole of our Knowledge 
 

III The Future 
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B Blackett – The discovery of the “Vacuum 

Polarization” (1932) [the 1st example of 
radiative effect: pre-the Lamb-shift (1947)] 
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I 
 

PHYSICS  
PROBLEMS 
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 Leading Effect 
EFFECTIVE ENERGY Quantum Number Flow 

 The High P⊥ Myth 
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The “Effective Energy” 
 

 
EVIDENCE OF THE SAME MULTIPARTICLE PRODUCTION 
MECHANISM IN p-p COLLISIONS AS IN e+e−  ANNIHILATION 

 

M. Basile, G. Cara Romeo, L. Cifarelli, A. Contin, G. D'Alì, P. Di Cesare, B. Esposito, 
P. Giusti, T. Massam, F. Palmonari, G. Sartorelli, G. Valenti and A. Zichichi   

 
 

Physics Letters 92B, 367 (1980). 
 
 

“The agreement between the momentum distributions 
obtained in  e+e−  annihilation and in  pp  collisions 
suggests that the mechanism for transforming energy into 
particles in these two processes, so far considered very 
different, must be the same”. 
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The physics of strong interactions was 

characterized by two classes of phenomena, one 
of "static" nature, the other of "dynamic" 
nature.  

Both were affected by proliferation in the 
most fundamental component of this physics: its 
elementary particles.   
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The proliferation in the "static" 

sector of the strong interaction was the 
huge number of mesons and baryons  
[1]. 

This multitude of states was reduced 
by an order of magnitude through the 
octets and decuplets of Gell-Mann and 
Ne'eman SU(3)ƒ  [2]. 
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The proliferation in the “dynamic” 

sector was the multitude of final states 
produced by pairs of interacting particles, 
in strong, electromagnetic and weak 
processes: 
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It is the introduction of the Effective Energy which allowed 
one to put all the different final states on the same basis.  

This basis is the quantities measured in the multihadronic final 
states: 

 

i) the average charged multiplicity; < nch>    ; 
 

ii) the fractional energy distribution; ds / dxi   ; 
 

iii) the transverse momentum distribution ds / dpti ;  etc. .... . 
 

The results are the universality features measured in all 
multihadronic final states, no matter what is the pair of 
interacting particles in the initial state. 

The universality features are a QCD non-perturbative effect. 
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Figure 1: Figure from Reference 3 
where the "leading" quantity L 
(0.2, 0.4,  0.8)  derived for 
different types of baryons 
produced in (pp) collisions at 
CERN ISR is shown. The centre-
of-mass energy ranges from 25 to 
62 GeV. The hadrons are ordered 
according to the number of 
propagating quarks. The dotted 
curve superimposed is obtained by 
using a parametrization of the 
single-particle inclusive cross-
section, F(x) = (1 – x)α, as 
described in section 3. 

Flow of Quantum Numbers in (pp) Strong Interactions 
 

 
 

p  → p (maximum Leading Effect) 
p → n (less Leading Effect) 
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Figure 2: Reproduction of a Figure 
from Reference 3 where the "quantum 
number flow" from the initial to the 
final state is observed in an 
electromagnetic process (e− p → Λ0x) 
and in a weak process  (ν!!p! → ⋀!x). 

Flow of Quantum Numbers in Electromagnetic and Weak Interactions 
 

 
 

  



 29 

 
 
 

 
 

 
 



 30 

 
 
 
 

 

Recall the Myth 
Only High  p⊥ hadronic processes   

could be compared with  
 

 
 

 
 

Figure 3:  A synthesis of the high transverse momentum myth. 
  

νp ep µp

DIS
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The introduction of the Effective Energy has 
produced the result that multihadronic final states 
produced in high  p⊥  processes are analogous to 
those produced in low  p⊥  processes, provided the 
Effective Energies are the same. 
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Figure 3: Reproduction of the 
conclusions of a review paper  [4]. 
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If the leading particle is not detected  
the Effective Energy can be deduced  

from all other particles detected. 
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PHASE TRANSITION 
 
 

 
 

• If smooth and uniform nothing happens 
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PHASE TRANSITIONS 
 

 
 

• If not then • “Topological defects” may have been formed 
 

 
 
 

 
 

 
 

 
 

Super Heavy 
Magnetic Monopoles 

Cosmic  
Strings 

Concentration of   
“False Vacuum Energy” 

 

Very high Energy 
 

Events at LHC 

 

Cosmic Rays  
 

EEE 
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Time,   Energy     and Phase Transition 
t(sec) E(GeV) Phase Transition 

 
 
 

10−44 1018 Planck epoch ≡ Quantum Gravity ≡ 
Supergravity Superstring 

 

10−35 1016 GUT 
 

10−10 102 Weak Symmetry Breaking ≡ Fermi epoch 
 

10−5 10−1 Confinement Transition 
 

1-102 10−3-10−2 Nucleo-Synthesis 
 

1012 10−9 Recombination/Galaxy Formation 
 

1017 10−13 Today 
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1st problem – In the QGCW there 
are all states allowed by the SU(3)c 
colour group. The number of possible 
states is by far more numerous than 
the number of colourless baryons and 
mesons, which have so far been built 
in all Labs, since the colourless 
condition is not needed. What are the 
consequences on the properties of the 
QGCW?  
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2nd problem – Light quarks versus heavy quarks. 

Are the coloured quark masses the same as the 
values we derive from the fact that baryons and 
mesons need to be in a colourless state? It could be 
that all six quark flavours are associated with nearly 
‘mass-less’ states like those of the 1st family (u, d). In 
other words the reason why the ‘top’ quark appears to 
be so heavy (≃102 GeV) could be due to the fact that 
it must satisfy some, so far unknown, condition 
related to the fact that the final state must be QCD-
‘colourless’. We know that confinement produces 
masses of the order of a GeV.  
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Therefore, according to our present 
understanding, the QCD ‘colourless’ condition 
could not explain the heavy quark mass, but 
since the origin of the quark masses is still not 
known, it cannot be excluded that in a QCD 
coloured world, the six quarks are all nearly 
mass-less. If this was the case, the masses we 
measure are heavier than the effective coloured 
quark masses. In this case all possible states 
generated by ‘heavy’ quarks would be produced 
in the QGCW at much less temperature than 
the one needed in our world made with baryons 
and mesons, i.e. QCD colourless states.  
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Here again we should try to see if 

with masses totally different from 
those expected, on the basis of what 
we know about colourless baryons 
and mesons, new effects could be 
detected due to the existence of all six 
flavours at relatively low temperature 
in the QGCW world. 
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3rd problem – We need to search for 
effects on the thermodynamic 
properties of the QGCW. Are these 
properties going to be along the 
‘extensivity’ and / or ‘non-extensivity’ 
conditions?  
(Murray Gell-Mann and Constantino Tsallis) 
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4th problem – We need to derive the equivalent 
Stefan-Boltzmann Radiation Law for the QGCW. The 
relation between energy density at emission U and 
Temperature T of the source is 

 

U = c ⋅  T4 
 

in classical Thermodynamics. 
In the QGCW the correspondence should be 
U ≡  p⊥ (transverse momentum) 
T  ≡  average energy 〈 E 〉 in the CM system. 
In the QGCW the production of ‘heavy’ flavours 

should be studied versus 〈 p⊥ 〉 and versus 〈 E 〉. The 
expectation is 

〈 p⊥ 〉   ≡  C  ⋅  〈 E 〉4 
and any deviation would be extremely important. 
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At extreme energies we do not 
know how many phase transitions can 
be involved. The higher the energy, 
the more complex is the interacting 
system of particles and more phase 
transitions can be involved. 

 
 

  



 45 

 
 

There are two sources of unknown 
“phase transitions”: 

 

1) Those taking place at CERN (at 
LHC energy and its upgrading 
stages); 

 

2) Those taking place in the 
Universe. 
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Both sources have in common a 
possible “signature”:  

 
Extreme Energy Events (EEE). 
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In fact the evolution of the Universe 
has gone through a series of phase 
transitions whose last step was at the 
Fermi Energy when  

 

the SU(2) × U(1) 
 

generated QED and QFD. 
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This is  

the low energy level. 
  



 49 

 

At the other extreme,  
there is !E!"#!! ≃ 1016!GeV   

where the three gauge couplings 
 (α1!α2!α3)   converge,  

and !E!"! ≃ 1018!GeV ! 
the energy level where RQST 

(Relativistic Quantum String Theory)  
puts the origin of  

the gravitational force. 
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The GAP between 
 

!E!"#!!!and!!!!E!"! 
 

could indeed be  
another source of  
phase transitions. 
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Figure 4 
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THE UNIFICATION OF ALL FUNDAMENTAL FORCES 
 
The lines in Figure 4 result from calculations executed with a 

supercomputer using the following system of equations:  
 

! dα!d! = !
b!
2π !α!

! + ! b!"
8π! !α!α!!

 

 
This is a system of coupled non-linear differential equations where the 

existence of the Superworld is included. This system describes how the 
gauge couplings (α1, α2, α3) vary with “µ”, the basic parameter which 
depends on the energy of the elementary process, from the maximum level 
of Energy (Planck Scale) to the energy level of our world. During more 
than ten years (from 1979 to 1991), no one had realized that the energy 
threshold for the existence of the Superworld was strongly dependent 
on the “running” of the masses.  

This is now called: the EGM effect (from the initials of Evolution of 
Gaugino Masses). 

Figure 5 
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WHY WE NEED THE SUPERWORLD 
There are fundamental reasons making the superworld a need. 
1) The two energy scales, 1019 GeV (Planck) and 102 GeV (Fermi), must be 

kept separate. 
2) The gravitational attraction of light must be prevented from being 

infinite. Otherwise we could see neither the light from Stars nor our light. 
The “gravitino” (supergravity) allows the gravitational attraction of light 
to be finite. 

3) Gravitational attraction is powerful but it cannot be infinite. We would be 
stuck to the Sun. Space would not exist between Stars and Galaxies. 
Cosmic expansion would not exist. In order to have a finite gravitational 
attraction, theories are needed in which the Euclidean concept of point is 
abandoned. The point is replaced by a string. No more Point-like 
Theories but String Theories. These theories must be supersymmetric: 
the already quoted supersymmetry law (F ≡ B) must be valid in their 
mathematical structure. Otherwise “tachions” would appear. This is the 
origin of Relativistic Quantum String Theory (RQST). 
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4)  If we want the unification of all fundamental phenomena – the synthesis 

of which is provided by three “gauge couplings”, α1 α2 α3 – running 
with the energy is needed. This “running” needs Supersymmetry. 

5) An interesting detail: “no scale-supergravity” is an infrared solution of 
RQST. This might allow to understand the extremely small value of the 
Cosmological Constant. 

6) Finally: why Three Columns and Three Forces? The answer to this 
question should come once we will be able to go from the 
compactification of the 43-dimensional superspace to our present world 
with (3+1) Space-Time dimensions. 

7)  Note: A big problem. Supersymmetry does not show up at our energy 
scale. Hence the problem arises to compute the energy above which the 
(F ≡ B) Law starts to act. Thanks to the EGM effect, this energy level is 
700 times more accessible than thought so far. 
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Figure 6 
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If we could see the inner structure of the Black–Holes we 

would find that there are two types of Black–Holes. The primordial 
Black–Holes are made with matter whose charge is only the 
gravitational charge. The Black–Holes familiar to us are made with 
(p, n, e).  

 
Conclusion.  
All we could at present say on the correlation between the 

Subnuclear Universe and the one with Stars and Galaxies is to explain 
why: N(!!!!!) ≃ 10!"! and  V U ≃ 98%!; and to predict the existence 
of two types of Black–Holes: Primordial Black–Holes where matter 
has only the  gravitational charge and Standard Black–Holes where 
matter is made with p, n, e. 
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On many occasions, during the activities of the International School 
of Cosmology and Gravitation, I have been discussing with friends 
and colleagues (including John Wheeler [5], Nathan Rosen [6] and 
Peter Bergmann [7]) how it happens that no one has been able so far 
to derive two basic values of our Universe: 
 

1  the number of protons, neutrons and electrons, N(!!!!!), which 
our Universe is made of, i.e.  

 

1 N(!!!!!) !≃ !10!"!; 
and 

2  the volume of our Universe, V(U), which is empty, i.e. 
 

2 V U ≃ !98% . 
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THE EVOLUTON OF THE UNIVERSE FOLLOWING THE SCHWARZSCHILD EQUATION  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7 
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CONCLUSION: 
all effects discovered  

at ≃ 102 GeV ⇒ need to be checked  
at 13 × 103 × GeV. 

From 102 GeV ⇛ (13 × 103 × GeV) 
SEARCH FOR  
EEE AT LHC  



 60 

 A. Zichichi 
 
 
 

 

II 
 

THE WHOLE  
OF OUR 

KNOWLEDGE 
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Figure 8 
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We physicists cannot remain silent 
when the great public shows a vivid 
interest for topics such as: 

• Global warming 
• The energy crisis 
• The information security 
• The environment 
• The Intelligent Design 
• The Evolution 
• and other Problem coming from the 

“Whole of our Knowledge”. 
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We have to convince the great 
public that the solution to all these 
problems requires clarity and rigour 
and that the best way to study these 
problems is through Science. Since 
Physics is the “Queen of all 
Sciences”, (Enrico Fermi), the 
solution of these problems needs 
physicists. But the present trend is to 
study the topics mentioned above 
through the “new Science”, the so 
called “Science of Complexity”. 



 64  Figure 9 
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In fact the “Modern Culture” 
considers “Complexity” a source of 
new insights in physics, biology, 
geology, cosmology, social sciences 
and in all intellectual activities 
which look at the world through the 
lens of a standard analysis in terms of 
either “Platonic Simplicity” or 
“Complexity”. 
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The reason why we have to care 
about “Platonic Simplicity” is due to 
the emergence of this “new Science”, 
which condemns “Reductionism” and 
promote “Holism”.  

But “Complexity” is ill-defined, as 
shown by the existence of very many 
definitions (at least seventy) of 
Complexity. 
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We will see that we have nothing to learn 
from this “new Science”. in fact it is thanks to 
“Reductionism” that we are able to reach the 
following conclusion: despite the seventy 
definitions of “Complexity” there are only 
two experimentally observable effects which 
exist when “Complexity” is at work. These 
two effects are the UEEC events and the 
AFB phenomena. Both are present in 
Physics.  
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Despite the seventy definitions of Complexity, 
the experimentally observable effects for the 
existence of Complexity are only two: 

1) The Anderson-Feynman-Beethoven-type 
phenomena (AFB) i.e. phenomena 
whose laws and regularities ignore the 
existence of the Fundamental Laws of 
Nature from which they originate, and 

2) The Sarajevo-type effects, i.e. 
Unexpected Events of quasi irrelevant 
magnitude which produce Enormous 
Consequences (UEEC). 
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The SM&B is the 
greatest synthesis of all 
times in the study of the 
fundamental phenomena 
governing the Universe in 
all its structures.  
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The five basic steps in our understanding of Nature. 
 

① The renormalization group equations (RGEs) imply that 
the gauge couplings (αi) and the masses (mj) all run with 
k2. It is this running which allows GUT, suggests SUSY 
and produces the need for a non point-like description 
(RQST) of physics processes, thus opening the way to 
quantize gravity.   

② All forces originate in the same way:  the gauge principle. 
③  Imaginary masses play a central role in describing nature. 
④ The mass-eigenstates are mixed when the Fermi forces 

come in. 
⑤ The Abelian force QED has lost its role of being the 

guide for all fundamental forces. The non-Abelian gauge 
forces dominate and have features which are not present 
in QED. 
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The basic achievements of the SM&B have 
been obtained via an impressive series of 
UEEC events; moreover the SM&B could not 
care less about the existence of Platonic 
Simplicity. Let me repeat the reason why we 
have to care about “Platonic Simplicity”: the 
emergence of the “new science”: the so called 
“Science of Complexity”, to which “modern 
Culture” attributes an enormous importance: 
new insights in physics, biology, geology, 
cosmology, social sciences should come from 
Complexity. 
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EXAMPLES 

OF 
PLATONIC SIMPLICITY 
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PLATONIC SIMPLICITY 
 

THE PLATONIC GRAND UNIFICATION 
 

Let us now move towards the problem of Platonic 
Simplicity, taking as example the structure of a Grand 
Unification. The simplest way is to have one and only 
one basic fundamental particle, B. 

This particle must obey the very simple symmetry 
law which puts fermions and bosons on the same 
basis (Figure 10).   

This basic fundamental particle can therefore exist 
either as being a boson BB or as being a fermion  BF. 
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Figure 10 
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Figure 11 illustrates the simple sequence which generates all known forces of Nature. 

Figure 11 
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At the bottom of Figure 11 there is the force QFD, illustrated in Figure 12. The “Platonic” 
Simplicity suffers a further deviation.  

Figure 12 

QFD
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In fact, we need to introduce many 
complications. The three quarks and the three 
leptons are “mixed” among them, not among 
“quarks” and “leptons. This mixing is indicated by 
the index m, while the indices “u” and “d” refer to 
the two types of flavours  

(up-type) and 
(down-type) 

which are present in each of the three families:  
1, 2, 3. 

There is a further complication.   
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The two mixings for the “up” and the “down” flavours must be 
different.   

In the case of the quark, this mixing is experimentally measured.   
In the case of the leptons, the experimental results are with nearly half a 

century of delay, compared with the quark case.  
Mixing and violation of Symmetry Laws for charge conjugation 

(C), parity (P), and the product of the two (CP) are well established in the 
quark case. 

In the leptonic sector, only future experiments will tell us if the same 
Symmetry Laws are violated.  

There is no known reason why all these details, mixing of states and 
Symmetry Law violations, are needed.   

They have been experimentally discovered and show how many 
deviations from the simple “Platonic” structure are needed. 

So far we have developed the sequence of Platonic deviations from 
Simplicity, starting from the basic fundamental boson BB . 

We now show in Figure 24 the deviations needed from the Platonic 
Simplicity, when we start from the basic fundamental fermion BF . 
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It has to be with “quark” and “lepton” flavours and have 

two flavours in each class (called Family).  
 

Total number of flavours 12: 6 for quarks  
 6 for leptons 

 
Why so many? The answer will probably come from the Super 
Space with 43 Dimensions compactified into (3+1). 

The quark sector interacts with two forces, QCD and QED, 
while the lepton sector interacts using only QED. The QFD force 
comes into play only after all the mixings come in. 

No one knows why all these Deviations from the Platonic 
Simplicity are needed.   
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 Figure 13 



 82 

The bold symbols, QCD, QED  in the column  
 

€ 

Bq
F 

 

indicate that the 6 quarks flavours interact via these two forces.  In the lower 
part of the same column, the “mixing” indicates that the quark states are no 
longer “pure” states.  They are “mixed”;  only these mixed states   
 

€ 

qm
u( )1, 2, 3  and  

€ 

qm
d( )1, 2, 3 

 

interact via the QFD forces.   
The column below 

  

€ 

Bℓ
F  

 

has the same structure, but the “mixings” are not the same as in the “quark” 
column. Furthermore, no one knows at present if the Symmetry CP is 
violated as it is in the quark case.  This is why in the box CP ≠ there is a 
question mark.  Another detail needs to be specified. In the quark case, the 
CP Symmetry breaking, CP ≠ , has been experimentally established not to 
be via the basic Standard Model mechanism SSB. 
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A further Deviation from Simplicity 
 

In the leptonic case, we do not know if the 
CP Symmetry is violated. It could be it is. In 
this case it will be interesting to know if it 
follows the SSB mechanism. All these question 
marks are evidence of further deviations from 
the simple Platonic descriptions of natural 
phenomena.  

In Figure 14 a synthesis of all deviations 
needed is illustrated. 
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*  
THE PLATONIC GRAND UNIFICATION  

AND THE DEVIATIONS NEEDED 

 

Figure 14 
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• The SSBs originate from
the existence of a scalar with imaginary mass (im).

• The fundamental forces exist
because a Basic Fundamental Boson exists > B

• The fundamental fermions exist
because a Basic Fundamental Fermion exists > B
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THE PLATONIC CONCEPT OF SUPERSYMMETRY 
The Platonic Concept of Supersymmetry is 
schematically reported in the upper part of Figure 15, 
where the basic point for a Platonic Concept of 
Supersymmetry is given; i.e.  the only fermions 
allowed to exist, would be the “gauginos” (with spin 
1/2 !). To go from gauginos to fermions we need the 1st 
deviation from Platonic Supersymmetry. The 2nd 
deviation is needed in order to allow fermions to be 
quarks and leptons. The 3rd deviation is needed in order 
to have not one Family but three Families. The 4th 
deviation is needed in order to produce mixing. The 5th 
deviation is needed because we need at least two 
mixings, one for “up” and another one for “down” type 
quarks. All this is illustrated in Figure 15. 
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* 

Figure 15 
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Last December 2013 there was a Ceremony illustrated in the following Figure 16. 

      Figure 16 
 

Let me show (Figure 17) one page of my Opening Lecture at the AdA-INFN-EPS unveiling Ceremony where 
it is proved the great value of Blackett teaching about Nature being smarter than all of us and about memory 
needed in order to never forget the consequences of neglecting this thanks to memory. But memory is needed not 
only in Physics but in our activities called Civilization. 



 92 

 

 
 
 
 
 
 

As show in the graph the (J/!!) could have been discovered at ADONE. It was enough to increase the 
machine energy by 0.1 GeV as suggested by the CERN-Bologna group, but rejected by the responsible people. 

Something similar did happen with PETRA whose lowest energy was not immediately after SPEAR but with 
the incredible gap where the Lederman’s (Y, Y', Y'') could have been discovered. 

Let me go back to the origin of this new venture in elementary particle Physics based on the search for new 
Physics using non Bubble Chamber detectors. Needless to say that, in addition to the search for “narrow 
resonances”, the search for the 3rd lepton (HL) was the reason for a stronger energy increase in ADONE, where the 
HL (now called τ) would have been discovered. 

3 
 

Figure 17 
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THIS IS THE FIRST EXAMPLE of what is now "standard"  
in experimental subnuclear physics: VERY LARGE ACCEPTANCE DETECTORS. 

On the rails the “neutron missing mass spectrometer”. 

– 1963 – 
 

PAPLEP 
Proton AntiProton 
into Lepton Pairs 

first search for 
the 3rd lepton 

and 
θPS ≠ θV . 

 
The “pre-shower” technology 
implemented in the CERN 
experimental set-up for the study 
of the rare decay modes of the 
pseudoscalar and vector mesons. 
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θPS ≠ θV 
 
 
 
 

INSTANTONS 
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In the Physics of Mesons the totally unexpected result 
was the difference existing between the two mesonic 
mixing angles, pseudoscalar θPS and vector θV. They 
should both be zero if SU(3)uds was a good Symmetry.  
The experimental results gave θV = 51º and θPS = 10º 
despite SU(3)uds . This is illustrated in Figure 18.  
The Physics of Instantons in QCD is needed to explain 
θV and θPS, i.e. the mixing in the pseudoscalar and in the 
vector mesons. The existence of Instantons was not 
known. The Instantons came after the unexpected 
discovery that θPS  ≠  θV ≠ 0. 
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Figure 18 
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θPS ≠ θV 
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* 
PRESHOWER π /e = 5 ×  10−4 

 

MUON PUNCH-THROUGH 
 

To simultaneously detect !±e∓ final states in pp annihilation. 
The first experimental search for the THIRD LEPTON  (HL ≡ τ) 

and the discovery of the Time-Like Structure of the Proton 
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The Future 
 

what about 
Predictions 

? 
 

Recall 
 

UEEC 
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TOTALLY UNEXPECTED 
DISCOVERIES: 

A PERSONAL EXPERIENCE 
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SUPERSYNTHESIS 

 
1 Lorentz Invariance (Lorentz). 
2 The quantum nature of the World (Planck). 
3 Two worlds: “Time-like” and “Space-like” (Einstein).  
4 The photon (Einstein). 
5 Gauge Invariance (Weyl). 
6 The Space-Time curvature (Einstein). 
7 Bose-Einstein statistics (Bose-Einstein). 
8 The structure of the atom (Bohr). 
9 The wave nature of particles (de Broglie). 
10 The wave function (Schrödinger) and its probabilistic 

interpretation (Born). 
11 Nuclear Forces (Rutherford) and their “glue” (Yukawa). 
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12 The proof that Quantum Mechanics is self consistent (no 
contradictions) (Von Neumann). 

13 The Weak Forces (Fermi). 
14 The Exclusion Principle (Pauli). 
15 The Uncertainty Principle (Heisenberg). 
16 Fermi statistics (Fermi). 
17 The antiparticles (Dirac). 
18 The neutron (Chadwick). 
19 Time Reversal Invariance (Wigner). 
20 Other Invariance Laws (Wigner-Parity; Dirac, Weyl-charge 

conjugation; Pauli CPT). 
21 The neutrino (Pauli-Fermi). 
22 The Stars are “nuclear-fusion” candles (Fermi-Bethe). 
23 Electronic computing (Von Neumann). 
24 The sequence of unexpected Fermi discoveries: Fermi-coupling, 

Fermi-gas, Fermi-momentum, Fermi-temperature, Fermi-
surface, Fermi-statistics, Fermi-transition, Fermi-length (plus the 
other two quoted above). 



 103  Figura 19 
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*  
1 Therefore Totally Unexpected Effects should 

show up.  
2 Effects, which are impossible to be predicted on 

the basis of present knowledge. 
3 Where these effects are most likely to be, no one 

knows. 
4 But, with the advent of the Energy Level  

of 13 TeV 
never reached so far with the LHC 

the ALICE experiment will study the properties 
of the Quark-Gluon-Coloured-World  

(QGCW). 
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At this point Gerardus would 
ask me the question: 

“How do we detect the totally 
unexpected effects?” 
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An example is illustrated in 
the Figure below where beams 
of known particles (p, n, γ, e, µ) 
bombard the QGCW and a 
special set of detectors 
measures the properties of the 
outcoming particles. 
  



 107 

 

 
  



 108 

In the following years, much before the 
second 60th Gerardus Anniversary, we 
could celebrate another Gerardus 
Anniversary with the discovery of a 
totally unexpected effect.  

It would be great if this happened using 
the ALICE apparatus at LHC.  

This should indeed be the case if Nature 
follows the Logic of Complexity at the 
Fundamental level. 
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 UEEC 
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History is  
 
“Evolution of the World in its Real Life” ≡ 
(EWRL)  
 
Science is  
 
“Evolution of our Basic Understanding of the laws 
governing the world in its Structure” ≡ (EBUS).  
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DARK MATTER 

 Figura 20 
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Question: What about UEEC in other 

fields? For example: condensed matter. 
Tony Leggett, University of Illinois, 

Urbana - Champaign, USA, Nobel 2003 for 
“Superfluidity”: “It is relatively rare in 
Condensed-Matter Physics to predict 
discoveries, it is a field where you fall over 
them by accident”. 
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Our Community of 
the Erice Subnuclear Physics School 

has 
Super Students Super 

Fellows 
in their fields 

 

SSS 
 
 

Recall: the 1st best Student 
 

EUGENE WIGNER 
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This year  
we have 

FRANCIS HALZEN 
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APPENDIX A 
 

DIRAC 
Antiparticles & Antimatter  
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Dirac - 1930 
 

 

The existence of a single antiparticle,  
the antielectron, guaranties the existence of 

 

all antiparticles 
antimatter 
antistars 

antigalaxies 
 

because Nature obeys  
 

 

C-INVARIANCE 
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1957: discovery of C ≠ and P ≠    
  by C.S. Wu et al. (Lee and Yang) 
 but CP  ok 
 
 1964: discovery of CP ≠  
 by CCFT (Christenson, Cronin, Fitch and 

Turlay)   
 

  During the same Time    
 

Triumph of the S-Matrix  
(G. Chew) and crisis of the 

 

RQFT 
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The existence of  
ANTIPARTICLES DOES  

NOT IMPLY 
the existence of 
ANTIMATTER. 

 

 

Dirac - 1965 
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T.D. Lee - 1995 
 

 
 The CPT theorem rests on a 
foundation which has to be unsound, at 
least at the Planck length, and maybe 
at a much larger distance. 
 The symmetry of matter and 
antimatter must rest on experimental 
evidence. 



 124 

 
Figure 21 
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Many deviations from simplicity are needed to corroborate the 
stability of matter: one charge (the electric one) is not enough. 
Another unexpected discovery was the distinguish “colour” charge 
from “flavour” charge, with six colour charges and twelve flavour 
charges. 

 

Six “Colour” charges (1 + 2 + 3) → 1 for QED, 2 for QFD, 3 for 
QCD. 

 

Twelve “Flavour” charges (6 + 6) → 6 for quarks + 6 for leptons. 
 

We can see in Figure 22 that there are seven decades of 
developments, started from the antielectron and C-invariance, to 
arrive at the experimental discovery of Matter Antimatter 
Symmetry. The detailed series of all these totally unexpected events 
are reported in the volume published on the occasion of the 30th 
anniversary of the discovery of antimatter [8]. 
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     THE INCREDIBLE STORY TO DISENTANGLE THE ORIGIN OF THE STABILITY OF MATTER 
FROM THE ANTIELECTRON TO ANTIMATTER  

AND THE UNIFICATION OF ALL GAUGE FORCES 
 

!  The validity of C invariance from 1927 to 1957. 
 After the discovery by Thomson in 1897 of the first example of an elementary particle, the Electron, it took the genius of Dirac to 
theoretically discover the Antielectron thirty years after Thomson. 

 

1927 → Dirac equation [9];  the existence of the antielectron is, soon after, theoretically predicted.  Only a few years were needed, after 
Dirac’s theoretical discovery, to experimentally confirm (Anderson, Blackett and Occhialini [10]) the existence of the Dirac 
antielectron. 

1930-1957 → Discovery of the C operator [(charge conjugation) H. Weyl and P.A.M. Dirac [11]]; discovery of the P Symmetry Operator [E.P. 
Wigner, G.C. Wick and A.S. Wightman [12, 13]];  discovery of the T operator (time reversal)  [E.P. Wigner, J. Schwinger and J.S. 
Bell [14, 15, 16, 17]];  discovery of the CPT Symmetry Operator from RQFT (1955-57) [18]. 

1927-1957 → Validity of C invariance:  e+  [10]; p  [19]; n  [20]; K2
0 → 3π  [22] but see LOY [22]. 

 

!  The new era starts:  C ≠  ; P ≠  ; CP ≠  (*) . 
1956 → Lee & Yang  P ≠ ;  C ≠   [23].  
1957 → Before the experimental discovery of  P  ≠  &  C ≠,  Lee, Oehme, Yang (LOY) [22] point out that the existence of the second neutral 

K-meson, K2
0  →  3π , is proof neither of C invariance nor of CP invariance. Flavour antiflavour mixing does not imply CP invariance. 

1957 → C.S. Wu et al.  P ≠ ;  C ≠   [24];  CP  ok   [25]. 
1964 → K2

0   →   2π   ≡  KL  :  CP  ≠  [26]. 
1947-1967 → QED divergences & Landau poles. 
1950-1970 → The crisis of RQFT & the triumph of S-matrix theory (i.e. the negation of RQFT). 
1965 → Nuclear antimatter is (experimentally) discovered [27].  See also [8]. 
1968 → The discovery [28] at SLAC of Scaling (free quarks inside a nucleon at very high q2) but in violent (pp) collisions no free quarks at 

the ISR are experimentally found [29]. Theorists consider Scaling as being evidence for RQFT not to be able to describe the 
Physics of Strong Interactions. The only exception is G. ’t Hooft who discovers in 1971 that the β-function has negative sign for 
non-Abelian theories [30]. 

1971-1973 → β = −  ;  ‘t Hooft, Gross & Wilczek.  The discovery of non-Abelian gauge theories.  Asymptotic freedom in the interaction 
between quarks and gluons [30].  

1974 → All gauge couplings  α1 α2 α3  run with  q2  but they do not converge towards a unique point.    
1979 → A.P. & A.Z. point out that the new degree of freedom due to SUSY allows the three couplings  α1 α2 α3 , to converge towards a 

unique point [31]. 
1980 → QCD has a "hidden" side:  the multitude of final states for each pair of interacting particles:  (e+e− ;  p p ;  πp;  Kp;  νp;  pp;  etc. ) 
  The introduction of the Effective Energy allows to discover the Universality properties  [32] in the multihadronic final states. 
1992 → All gauge couplings converge towards a unique point at the gauge unification energy: EGU   ≅ 1016 GeV with αGU ≅ 1/24   [33, 34] 

. 
1994 → The Gap [35] between  EGU & the String Unification Energy:  ESU  ≅  EPlanck .       
1995 → CPT loses its foundations at the Planck scale (T.D. Lee) [36].   
1995-1999 → No CPT theorem from M-theory (B. Greene) [37]. 
1995-2000 → A.Z. points out the need for new experiments to establish if matter-antimatter symmetry or asymmetry are at work. 
!!!!!!!! 
(*) The symbol   ≠  stands for "Symmetry Breakdown". Figure 22 
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APPENDIX B 
 

BLACKETT 
The discovery of the  

“Vacuum Polarization” (1932)  
[the 1st example of radiative effect: 

pre-the Lamb-shift (1947)] 
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Before the Lamb-shift 
 

Blackett  ≡ experimental discovery of 
the “Vacuum Polarization” 

 
 

The 1st Virtual Physics effect 
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APPENDIX C 
 

THE NEW MANHATTAN PROJECT 
CULTURAL HIROSHIMA 

72 PLANETARY EMERGENCIES  
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INTRODUCTORY SUMMARY 
 

This book is a contribution to the THREE DAYS that the University of 
Bologna has dedicated to Science, Technology and Culture, so that they enter 
into the Heart of Everybody. 

 

We are in the Cultural Hiroshima, as Fermi feared in the middle of the last 
Century, when (1945) we were in full Political Hiroshima.  

 

The Three Days of Bologna has two objectives: to defeat the Cultural 
Hiroshima and to solve the problems of Planetary Emergencies, proposing the 
implementation of a project so that the great achievements of Science come 
soon in every day life. 

 

The book has some parts in Italian and others in English, which is the 
universal language of Science. 

 

The parts in Italian will be translated into all the other languages by our 
colleagues of WFS. 

 

Figure 1 describes the Political Hiroshima (1945) and the Cultural Hiroshima 
(today). 

 

Figure 2 illustrates the logic of the Project (The New Manhattan Project). 
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Figure 1 

 

! POLITICAL HIROSHIMA (1945) 
The existence of Science is totally forgotten 
(for decisions at very high political level) as if 
it were not thanks to Science that the new war 
Technologies, million times more powerful, 
had been implemented. 
 
 
! CULTURAL HIROSHIMA (NOW) 

The existence of Science is totally forgotten for 
political decisions (at any level) and in every 
day life as if it is not thanks to Science that the 
new Technologies have been invented: 
technologies which allow to win life-
threatening illness, technologies that liberate 
from rough work and that allow humanity to 
have a standard of living never before 
achieved. 

 
Figura 1 

 

! HIROSHIMA POLITICA (1945) 
Ignorare la Scienza (nelle decisioni politiche 
di altissimo livello) e andare avanti come se 
non fosse grazie alla Scienza che sono state 
prodotte le nuove Tecnologie belliche, 
milioni di volte più potenti. 

 
 
! HIROSHIMA CULTURALE (OGGI) 
Ignorare la Scienza nelle decisioni politiche 
(di qualsiasi livello) e nella vita di tutti i 
giorni come se non fosse grazie alla Scienza 
che sono state prodotte le nuove Tecniche 
che fanno superare malattie altrimenti letali, 
che liberano la forma di materia vivente cui 
apparteniamo da lavori spiacevoli e che 
permettono una qualità di vita mai prima 
raggiunta. 
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ENCLOSURES: 1 ELN (300 KM: 106 GEV = 103 TEV = 1 PEV) 
2 LAA (NEW TECHNOLOGIES FOR SPACE, TIME, ENERGY AND MASS) 
3 EEE (EXTREME ENERGY EVENTS – SCIENCE IN SCHOOLS) 
4 PLANETARY EMERGENCIES (PILOT-PROJECTS) 
5 THE LOGICAL ROOTS OF COMPLEXITY  Figure 2  
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I L’HIROSHIMA CULTURALE POTREBBE PORTARCI A RIPETERE L’ERRORE 
FATTO CON LE DUE INVENZIONI MAI CAPITE DALL’ALBA DELLA CIVILTÀ A 
GALILEI 
 
I-1 L’obiettivo della Tre Giorni di Bologna 

La Tre Giorni che il Rettore Ivano Dionigi ha voluto dedicare alla Scienza alla Tecnica e alla 
Cultura, affinché entrino nel cuore del grande pubblico, ha come obbiettivo la lotta all’Hiroshima 
Culturale e la realizzazione del Nuovo Progetto Manhattan affinché le 72 Emergenze Planetarie 
possano essere affrontate e risolte.  

La Tre Giorni di Bologna vuole portare al centro dell’attenzione mondiale l’Hiroshima Culturale 
proponendo la realizzazione di un “Nuovo Progetto Manhattan” affinché le grandi conquiste della 
Scienza producano invenzioni tecnologiche da usare nella vita di tutti i giorni. Non aspettando decine 
di migliaia di anni come avvenne con la ruota e il fuoco, né cento anni come avvenne con l’elettrone, 
ma facendo tesoro subito delle grandi scoperte scientifiche. Ecco perché è necessario che nessuno 
dimentichi la lezione che ci dà la Storia della nostra Civiltà. E cioè che se non fosse stato per Galilei 
avremmo potuto continuare a essere ancora oggi come i nostri antenati che, nel corso di decine di 
migliaia di anni, vissero con tecnologie totalmente equivalenti in quanto tutte erano basate sull’uso 
della ruota e del fuoco per un motivo molto semplice: nessuno era mai riuscito a capire l’attrito e la 
trasformazione della massa in energia. 
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Il Nuovo Progetto Manhattan ha le sue basi nei risultati ottenuti con 100 progetti-pilota 
realizzati da una comunità scientifica che coinvolge 150 Nazioni. I risultati ottenuti dimostrano che è 
possibile affrontare le Emergenze Planetarie e – se c’è volontà politica – superarle. 

L’Università di Bologna ha il privilegio di essere, non solo la più antica Università del mondo 
occidentale, ma oggi il fulcro di un Progetto dalla cui realizzazione dipende il futuro che noi 
vogliamo assicurare ai nostri posteri, liberandoli dalle 72 Emergenze Planetarie.  

Affinché il Nuovo Progetto Manhattan, possa diventare realtà è di vitale importanza che le 
grandi conquiste della Scienza e della Tecnica entrino nella vita di tutti i giorni, quindi nella Cultura 
del nostro tempo. Solo così può nascere la volontà politica in grado di liberare il futuro dell’Umanità 
dall’incubo dalle 72 Emergenze Planetarie. Una sintesi di queste Emergenze è riportata in questo 
volume. Per superarle è necessario capire le basi della posta in gioco. 

Se non c’è volontà politica una scoperta scientifica impiega decine e decine di anni prima di 
entrare nella vita di tutti i giorni. La prova viene dalla scoperta del più piccolo “pezzettino di 
elettricità” cui venne dato il nome di “elettrone”.  

Viviamo l’era della tecnologia elettronica che – solo adesso – è entrata nella vita di tutti i giorni: 
telefonini, TV, radio, TAC, internet, e innumerevoli tecnologie mediche, non potrebbero esistere 
senza la scoperta dell’elettrone, fatta da J.J. Thomson oltre cent’anni fa (nel 1897). 

Se ci fosse stato a quei tempi un Governo in grado di varare un Progetto-tipo-Manhattan per lo 
studio delle tecnologie che dovevano scaturire dalla scoperta dell’elettrone, oggi avremmo le 
invenzioni tecnologiche che i nostri posteri avranno fra cent’anni. 
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I-2 Cosa insegna il Progetto Manhattan 
 

Il famoso Progetto Manhattan riuscì – in appena tre anni (1942-1945) – a trasformare una 
scoperta scientifica (la fissione nucleare) in “fuoco nucleare di pace” (reattori a fissione) e “fuoco 
nucleare di guerra” (Hiroshima e Nagasaki). 

Il Progetto Manhattan insegna che – se c’è volontà politica – una scoperta scientifica può 
diventare tecnologia “pro” e “contro” la vita e la dignità umana nel giro di pochi anni. Attenzione 
però. È necessario impedire le invenzioni tecnologiche “contro”.  

Il motore del progresso è infatti la scoperta scientifica, che genera invenzioni tecnologiche: sta qui 
il problema.  

Le invenzioni possono essere a scopi di pace ma anche a scopi di guerra. Sono infatti le 
invenzioni tecnologiche “pro” e mai “contro” che hanno portato all’attuale livello di vita: il più alto 
nella storia dell’Umanità. 

Nel famoso incontro di Ginevra (1985), i due più potenti Capi di Stato (Ovest ed Est), Reagan e 
Gorbachev, dissero che il nemico n. 1 della pace nel mondo erano (e sono) i Laboratori segreti.  
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(From left) Luigi Dadda, Pierre 
A. Piroué, Enrico Bignami, 
Yuval Ne'eman, Richard L. 
Garwin, John C. Eccles, Eugene 
P. Wigner, A.Z., Edward Teller, 
Paul A.M. Dirac, George 
Charpak. This is one of the first 
sessions devoted to the Erice 
Statement and to the future of 
our planet.  
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