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THE COLOURLESS CONDICTION 
THE PHYSICS OF THE  

QUARK-GLUON-COLOURED WORLD 
(QGCW) 

The basic purpose of the project is to study the 
Quark-Gluon-Coloured World (QGCW) which 
is totally different from our world made of QCD 
vacuum with colourless baryons and mesons. We 
want to search for specific effects due to the fact 
that the colourless condition is avoided.  



 6 

 

 

THE 
PROBLEMS   
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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. 
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Examples 
Octects  

&  
Decuplets etc. 
in my Studio at CERN 
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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 ‘massless’ 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’.   
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We know that confinement produces masses of 
the order of a GeV. 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 
massless. 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 lower energy 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 – 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? 
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4th problem – Derive the equivalent 
Stefan-Boltzmann Radiation Law for the 
QGCW.  

The relation between energy density 
at emission U, and Temperature of the 
source T,  is 

 

U = cT4 
 

in classical Thermodynamics. 
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In the QGCW 
the correspondence should be 

 

 U º p^ (transverse momentum) 
 

 T º average energy in the CM system. 
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In the QGCW the production of 
‘heavy’ flavours should be studied 
versus á p^ ñ and versus á E ñ.  

 
The expectation is 

 

á p^ ñ   º  C  ×  á E ñ4 
and any deviation would be extremely 
important. 
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5th problem 
The Mathematical Structure 
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The study of the properties of the 
QGCW should produce the correct 
mathematical structure able to correctly 
describe the QGCW; the same 
mathematical formalism should allow to 
go from QGCW to the Physics of Baryons 
and Mesons (PBM) and from here to a 
restricted component of PBM, namely 
Nuclear Physics, where all properties of 
the nuclei should find a correct 
description. 
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THE REASON WHY 
WE SHOULD TECHNOLOGICALLY 

BE PREPARED TO DETECT 
TOTALLY UNEXPECTED EVENTS 

Thirty years ago a great scientific 
novelty came; all experimental 
discoveries obtained with our powerful 
accelerators were to be considered only  

matters of extremely low energy.   
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The scale of energy on which to direct 
the attention to understand the Logic that 
rules the world, from the tiniest structures 
to the galactic ones, had to be shifted at a 
much higher level: the mass-energy 
named after Planck, EPlanck, something like 
seventeen powers of ten above the Fermi 
scale, EFermi , that already seemed to be an 
extremely high level of energy.  
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Now, after thirty years, it comes about the 
novelty of our time: Complexity. But 
‘Complexity’ is ‘ill-defined’; nevertheless 
people speak of ‘Complexity’ as a source of 
new insights in Physics, Biology, Geology, 
Cosmology, Social Sciences and all those 
intellectual activities which look at the 
world through the lens of a standard analysis 
in terms of either Simplicity or Complexity.  
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We have investigated 
the two basic 

experimental evidences 
which characterize 

Complexity. 
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In fact, the existence of Complexity emerges 
from two experimentally well-established basic 
elements:   

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

2) the Sarajevo-type effects, (UEEC), i.e. 
Unexpected Events with Enormous 
Consequences. 
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These two basic elements 
are needed in the 

Logic of Nature, which allows 
the existence of Science 

(the asymptotic limit of Simplicity) 
and of History 

(the asymptotic limit of Complexity). 
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UEEC IN HISTORY AND IN SCIENCE 
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We have reviewed [1–4] the present 
status of all we know in the 
Reductionistic achievements together 
with our present understanding of the 
rigorous attempts towards the basic 
features which allow Complexity to 
exist, i.e. AFB phenomena and UEEC 
events. 
  



 30 

 

The conclusion is that 
 

Complexity exists at the Fundamental Level. 
 

• Therefore Totally Unexpected Effects should 
show up.  

• Effects, which are impossible to be predicted on 
the basis of present knowledge. 

• Where these effects are most likely to be no one 
knows. 

• But, the more appropriate way is to study the 
properties of the Quark-Gluon-Coloured-World 
(QGCW), which is a world totally different from 
all we have been dealing with since the origin of 
Science.   
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A STRONG SUPPORT IS COMING  

FROM RQST  
(RELATIVISTIC QUANTUM STRING THEORY) 

Let us consider what happens with 
the only mathematical structure to be in 
a position of describing the physics at 
the Planck scale: the Relativistic 
Quantum String Theory (RQST).  
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This mathematical structure produces 
innumerable minima of energy, named 
Landscape.  

One of this minima is the vacuum 
needed for our world, with 3 space plus 
one time dimensions (not being both 
real) plus all the other properties 
illustrated in figures 1 and 2. 
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Figure 1 



 34 Figure 2 
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The theoretical discovery of the 
Landscape (Leonard Susskind) [5],  

has been followed by 
another formidable discovery 

in mathematical physics: 
the most rigorous model of RQST  

(Raphael Bousso and Joseph Polchinski) 
is NP-complete 

(Michael R. Douglas and Frederik Denef) [6].  
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This discovery corroborates 
all that we have put in evidence: 

 

Complexity exists 
at the fundamental level. 

 

In fact, UEEC events and AFB 
phenomena exist at all scales, as 
illustrated in the Figure 3. 
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Figure 3 
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Figure 4 illustrates the extrapolation 
of our present knowledge, from the 
highest energy levels so far investigated 
to the LHC.  

Other facilities exist the world over, 
but they are all planned to search for 
events which can be predicted on the 
basis of our knowledge. 
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Figure 4 
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All these extrapolations ignore the 
fact that, the status of our knowledge is 
the one reported in the figure 5 below. 

In fact, after 400 years of 
Reductionism, the present trend is to go 
from Reductionism to Holism and the 
Future could be dominated by the 
Science being NP-complete. 
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Figure 5 
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We do not know 
what will be 

the final outcome of String Theory. 
 
What we know is that:  
‘The world appears to be complex at 

every scale. Therefore we must expect 
a series of surprises that we cannot 
easily predict’.  
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DETECTORS 
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DETECTORS TECNOLOGY 
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•Phase Transitions 
 
 

•TOF 
 
 

•Preshower 
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PHASE TRANSITIONS 
 
 

 
 

• If smooth and uniform nothing happens 
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At high 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. 
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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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The present knowledge 

 of Energy versus Phase transitions  
is in the next figure,  

where there is  
a very large GAP between  

the Fermi energy level (≃102 GeV)  
and the GUT (≃1016 GeV) 
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Time,   Energy     and Phase Transition 
t(sec) E(GeV) Phase Transition 

 
 
 

10-44 1018 Planck epoch º Quantum Gravity º 
Supergravity Superstring 

 

10-35 1016 GUT 
 

QGCW 
 

10-10 102 Weak Symmetry Breaking º 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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PHASE TRANSITION 
 

 

could produce 
 

• QGCW 
• Concentration of “False Vacuum Energy” 
• Super Heavy Magnetic Monopoles 
• Cosmic Strings 
• “Topological defects”  
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PHASE TRANSITION 
 

 

 
 
 

 
  

Quark 
Gluon Plasma 

QGP 

Quark 
Gluon Coloured 

World 
â 

QGCW 
nº of states  
much larger  

than all known 
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***  
 

Going up from the 
Fermi energy level 

nothing is known up to the 
 

EGUT (≃1016 GeV) 
and 

EPlanck (≃1019 GeV) 
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	E$%&		(≃ 1016	GeV) is 
where the three gauge couplings 

 (α1	α2	α3)   converge,  
and 	E2%	(≃ 1018	GeV)	 

the energy level where RQST 
(Relativistic Quantum String Theory)  

puts the origin of  
the gravitational force, 

and 	E456789	 is at (1019	GeV). 
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The GAP between 
 

	E$%&			and				E2%	 
 

could indeed be  
another source of  
phase transitions. 
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Figure 6 
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Figure 7 
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THE UNIFICATION OF ALL FUNDAMENTAL FORCES 
 

The lines in Figure 6 result from calculations executed with a 
supercomputer using the following system of equations:  

 

𝝁
𝒅𝜶𝒊
𝒅𝝁 = 	

𝒃𝒊
𝟐𝝅	𝜶𝒊

𝟐 +	G
𝒃𝒊𝒋
𝟖𝝅𝟐 	𝜶𝒊𝜶𝒋

𝒋

 

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 (a1, a2, a3) 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 8 



 59 

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 [7], Nathan Rosen [8] and Peter 
Bergmann [9]) 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(K	7	L), which our 
Universe is made of, i.e.  

 

1 N(K	7	L) 	≃ 	 10MN	; 
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 9 
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If we could see the inner structure of these Black–Holes we 
would find that, the matter they are made with, is the one familiar to 
us, i.e. the matter made with (p, n, e). The primordial Black–Holes, 
as said before, are made with matter whose charge is only the 
gravitational charge.  

 
All we could at present say on the correlation between the 

Subnuclear Universe and the one with Stars and Galaxies is 
therefore to explain why: N(K	7	L) ≃ 10MN	 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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***  
The existence of  

missing knowledge in the Energy scale  
should be investigated  

on the basis of our knowledge,  
not considered to a “Desert”  

as it has been the case of the Past 
(see from Frascati to LEP) 
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Figure 10 
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TOF 
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We would like to mention a result that is a world 
record in the measurement of the Flight Times  

(TOF ≡ Time Of Flight) 
of particles in the Subnuclear Universe. 

TOF is necessary to distinguish heavy from light 
particles. If the particle is heavy its TOF will be 
longer than that of a light particle. However, the times 
involved are fractions of billionths of a second, called 
“picoseconds” (thousandths of billionths of a second). 
The record obtained [10] exceeds the precision of the 
20 picoseconds frontier (15.8 ps) (see Figure).  

 



 66 

 
  



 67 

This record will allow to study many properties of the 
Subnuclear Universe. It is interesting to let the public 
realize the meaning of a picosecond. Our brain under 
the thousandth of a second it does not work anymore. 
If our brain could work at picosecond times we could 
elaborate in just one of our seconds what human 
intelligence has been able to produce from the dawn of 
Civilization to today. The basic instrument for the 
TOF technology, called MRPC (Multigap Resistence 
Plate Chamber), is the result of five years of studies 
and research carried out in close collaboration between 
CERN, INFN (National Institute of Subnuclear 
Physics) and the University of Bologna. 
_______________ 
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Preshower 
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PRESHOWER p/e = 5 ´ 10-4 
 

MUON PUNCH-THROUGH 
 

To simultaneously detect µ±e∓ final states in pVp annihilation. 
The first experimental search for the THIRD LEPTON  (HL º t) 

and the discovery of the Time-Like Structure of the Proton 
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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 
qPS ¹ qV . 

 
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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III 
 
 

BEAM-BEAM 
INTERACTION  
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***  
 
 
 
 
 
 

THE  
TIME SYNCHRONIZATION 

 
BEAM & QGCW 
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Let us mention one of the very many 
problems: the time synchronization, 
at the level better than 10−15 s, between  

the colliding heavy ions 
forming the QGCW,  

the bombarding particles 
simultaneously injected and  

the emerging particles 
from the bombarded QGCW.   
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The synchronization 
issues are between all the 
detectors equipments and 
the accelerators RF 
systems, including the 
accelerator beam bunches.  
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The QGCW is produced in a 

collision between heavy nuclei 
(208Pb82+) at the maximum energy.  

The QGCW is composed by the 
enormous number of QCD open-
colour-states.  
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These are by far more that the 
number of baryons and mesons so 
far known, since these hadrons 
have to obey the condition of 
being QCD-colourless.  

We want to search for specific 
effects due to the fact that the zero-
colour condition is not needed. 
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In principle, many different 
phase transitions could take 
place and a vast variety of 
complex systems should 
show up.  
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The properties 
of this 

new world 
should open 

unprecedented horizons 
in understanding 

the Logic of Nature.  
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How to study this new world is 
illustrated in Figure 11 where beams 
of known particles  

 

(p, n, π, K, μ, e, γ, ν) 
 

bombard the QGCW volume and a 
special set of detectors allows one to 
measure the properties of the 
outgoing particles.   
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Figure 11. Schematic view of the proposed methodology  

for QGCW study (see text). 
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In Figure 11 
the QGCW 
is produced 

by (PbPb) nuclei 
colliding at the highest 

possible energy.  
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Inside the QGCW volume 
there are free quarks and 
antiquarks, an enormous 
number of gluons and all 
open-QCD-colour-states 
allowed by SU(3)c.  
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If we bombard this QGCW 
volume with particles having 
only EM interactions (photons 
and charged leptons) these 
particles should have some 
difficulty in going through the 
QGCW.  
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But if we bombard 
the same QGCW volume 

with protons, 
neutrons, pions 

or any other hadron, 
these particles should have 

enormous difficulty  
to go through. 
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The study  
of the  

outgoing particles  
could reveal  

totally unexpected effects. 
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For this to become  
frontier physics,  

R&D work  
based on the upgrade  

of LHC  
and of all detectors  

is the key issue.  
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The upgrades  
must cover  

the accelerator technology  
and the  

detectors technology. 
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Our collider and detectors 
should be as powerful as 
possible in order to allow 
totally unexpected effects 
to be detected.  
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The technology needed 
covers two fields: 

one is  
the accelerator technology, 

the other is  
the detectors technology. 
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*** The first step 
in the accelerator technology 

refers to the availability 
of a proton beam 
able to bombard 

the QGCW produced 
in the lead-lead collisions.  
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The LHC physics program foresees lead-lead 
collisions with a design luminosity of  

1027 cm-2 s-1. 
For this to be achieved an upgrade of the ion 
injector chain comprising Linac3, LEIR, PS 
and SPS machine is needed. Each LHC ring 
will be filled in 10 min by almost 600 bunches, 
each of 7´107 lead ions. Central to the scheme 
is the  Low  Energy  Ion  Ring  (LEIR),  which 
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We must be prepared 
with the most 

advanced technology 
in order to discover 

totally unexpected events 
like the ones found 

in the Yukawa gold mine. 
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Let us 
not forget 
the past 

experience. 
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The occasion of the Yukawa Centenary (2007) 
has been of great value in order to draw attention to 
the impressive series of conceptual developments 
linked with his meson: chirality-invariance, 
spontaneous symmetry breaking, symmetry 
breaking of fundamental invariance laws, 
anomalies, and ‘anomaly-free condition’, existence 
of a third family of fundamental fermions, gauge 
principle for non-Abelian forces, instantons and 
existence of a pseudoscalar particle made of the 
quanta of a new fundamental force of Nature acting 
between the constituents of the Yukawa particle. 
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All the pieces of the Yukawa gold mine could not 
have been discovered if the experimental 
technology was not at the frontier of our knowledge, 
as already reported in chapter 7: the cloud-chambers 
(Anderson, Neddermeyer), the photographic 
emulsions (Lattes, Occhialini, Powell), the high 
power magnetic fields (Conversi, Pancini, Piccioni) 
and the powerful particle accelerators and associated 
detectors for the discovery – the world over – of the 
intrinsic structure of the Yukawa particle (quarks and 
gluons) which has brought us to QCD and now to the 
QGCW Project. 
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APPENDIX 3:  The four types of “masses” 
The physics quantity called “mass” corresponds to four sources: 
(i) The intrinsic masses of the fundamental fermions (quarks and 

leptons) are positive; their origin is proposed to be the so-called 
Higgs mechanism [12–15]; 

(ii) The confinement masses are positive and responsible for the 
hadrons to be heavier than their fundamental constituents. This 
is the so-called Bag effect which is a QCD confinement colour 
process. This effect is easy to notice when the constituents are 
light quarks: (u, d, s). This effect is not easy to notice when the 
constituents are heavy quarks: (c, b, t);  

(iii) The electromagnetic binding masses (responsible for the 
existence of atoms and molecules) are negative; their origin is 
in QED, a Relativistic Quantum Field Theory (RQFT);  

(iv) The “nuclear binding masses” are negative; their origin is 
strongly linked to the transition from QGCW to QGZCW.  
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*** CONCLUSIONS 
 

We propose the development and the 
realization of a new technology able to 
implement the collision between 
different particle states 

(p, n, p, K, µ, e, g, n) 
and the QGCW in order to study the 
properties of the Quark-Gluon-
Coloured-World  (QGCW).  
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In this ‘new world’ an enormous number 
of QCD-open-colour-states allowed by 
SU(3)C will exist; this number is by far 
higher that the number of baryons and 
mesons detected so far. In principle many 
different phase transitions could take place 
and a vast variety of complex systems 
should show up. The properties of this ‘new 
world’ should open unprecedented horizons 
in understanding the Logic of Nature [11]. 
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***  
 
 

ATTENTION 
PLEASE 
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THE “SPIN LESS FERMIONS”  
NEEDED IN SOLID STATE PHYSICS  

COULD BE THE  
“SCALAR-FERMIONS”  

OF THE 
QUARK GLUON COLOURED WORLD 

(QGCW) PROJECT 
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THE 

THEORETICALLY 
PREDICTED 

NEW STATES OF MATTER 
COULD BE OUR 
QGCW STATES  
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THE PROBLEM OF (CPT) INVARIANCE  
IN EXPERIMENTAL PHYSICS AND  

THE TIME OF FLIGHT (TOF) 
WORLD RECORD 

 
 
 

BCF Collaboration 
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*** THE THREE BIG-BANGS IN THE EVOLUTION OF THE UNIVERSE  
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