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The Logic of Nature allows the
existence
of
Science
(the
asymptotic limit of Simplicity) and
of History (the asymptotic limit of
Complexity).
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We will review the present
status of what we know in the
Reductionistic achievements i.e. the
Standard Model and its extension
which predicts GUT (the Grand
Unification Theory), the existence
of the Superworld and the
resolution of the quantum-gravity
problem
via
the
powerful
theoretical structure of RQST
(Relativistic
Quantum
String
Theory).
This is done in order to
understand the basic features which
allow Complexity to exist.
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Following
the
Majorana
approach to understand the Laws of
Nature (I am referring to the
Majorana paper no. 10(1), totally
unknown to physicists but known to
social scientists; in the middle of
September, we will have a Seminar
devoted to this topic), this years
Subnuclear Physics School will
review the present status of all we
know
of
the
Reductionistic
achievements, together with our
present understanding of the
rigorous attempts towards the basic
features which allow Complexity to
exist.
(1) Ettore Majorana, Il valore delle leggi statistiche nella fisica e
nelle scienze sociali, Scientia, Quarta serie, Febbraio-Marzo 1942
pp. 58. English translation in Ettore Majorana, The value of
statistical laws in physics and social sciences, Quantitative
Finance 5, 133 (2005).
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In fact Nature shows structures
which are considered as being
complex and the general trend is
that, in order to understand their
roots,
we
must
go
from
Reductionism to Holism whose
frontier is Complexity.
But “Complexity” is illdefined; nevertheless people speak
of “Complexity” as 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
Simplicity or Complexity.
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Purpose of this work is to
show that the two experimental
basic elements which motivated
the birth of Complexity, (AFB)
and (UEEC), exist also in
Science (EBUS). It turns out that
Complexity in the Real World
exists, no matter the MassEnergy and Space-Time scales
considered.
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The real world is characterized
by two basic features, which are
one on the opposite side of the
other: Simplicity and Complexity.
It is generally accepted that
Simplicity is the outcome of
Reductionism, while Complexity is
the result of Holism.
The most celebrated example
of Simplicity is Science while the
most celebrated example of
Complexity is History.
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Science can be considered as
the
asymptotic
limit
of
Reductionism and History as the
asymptotic limit of Holism.
A common characteristic to
both Science and History is
Evolution.
In fact Science can be
identified with the Evolution of
our Basic Understanding of the
Laws governing the World in its
Structures (EBUS) and History
with the Evolution of the World
in Real Life (EWRL).
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The greatest achievement of
Science is the Standard Model,
and its extension; this is the result
of four centuries of Galilean
research
work
based
on
Reductionism, i.e. on the
identification of the simplest
elements in the study of Nature.

10

But Nature shows also
structures which are considered as
being complex.
The existence of Complexity in
the real world emerges from two
experimentally
well-established
basic elements:
1)
the Anderson-FeynmanBeethoven-type phenomena (AFB)
i.e. phenomena whose Laws and
Regularities ignore the existence of
the fundamental Laws of Nature
from which they originate;
2) the Sarajevo-type effects,
i.e. Unexpected Events of quasi
irrelevant magnitude which produce
Enormous Consequences (UEEC).
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The conclusion is that, if we
want to understand Complexity, the
only way is to continue with the
Reductionistic analysis of the
phenomena, no matter the MassEnergy and Space-Time scales
involved.
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To prove that Complexity
exists at all levels, including the
fundamental one, it is necessary
to study:
i) the experimental evidence
which called for the existence of
Complexity;
ii) how we have discovered
the Standard Model including its
extensions;
iii) what would be the
Platonic version of the Standard
Model and of the Superworld:
i.e. what would be the ideal
Platonic Simplicity.
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Let me show
a sample of
complex systems.
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Social and
economic systems

The critical opalescence
Turbulence
in the
atmosphere

The behaviour
of financial
markets
The Kondo
problem

Earthquakes
and
seismicity

COMPLEX
SYSTEMS

Brain activity

Biological
phenomena
The virtual
phenomena

Brain neural
network

Cosmological
structures
Traffic flux
Self-gravitating
systems

Internet network
Immune system
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Human genome

As you can see, we go from
traffic flux, to the internet network,
to earthquakes and seismicity, to
social and economic systems, to the
behaviour of financial markets, to
the study of cosmological structures,
and so on.
During the last years, we have
had here an intense activity on many
of these fields. In fact we have had
seminars fully devoted to the
specific topic of Complexity with
world leaders participating.
I will now tell you what I have
learned on Complexity.
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Science is sometimes considered
as being the asymptotic limit of
Simplicity, and History as the
asymptotic limit of Complexity.
Let me define Science and
History in terms of Evolution:
• Science is the Evolution of our
Basic Understanding of the laws
governing the world in its Structure
≡ EBUS.
• History is the Evolution of the
World in its Real Life ≡ EWRL.
It comes out that EBUS
(Science) is the most celebrated
example of Simplicity, while EWRL
(History) is the most celebrated
example of Complexity.
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Let us compare these two
supposedly asymptotic limits —
History and Science — on the basis
of ‘What if?’; a condition elaborated
by the specialists in what is now
known as ‘Virtual History’.
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‘WHAT IF ?’
In History ≡ EWRL
I

II

In Science ≡ EBUS

What if Julius Caesar had been
assassinated
many
years
before?
What if Napoleon had not been
born?

I

What if Galileo Galilei had not
discovered that F = mg ?

II

What if Newton had not discovered
that
m "m
F=G 1 2 2 ?
R 12
What if Maxwell had not discovered
the unification of electricity,
magnetism and optical phenomena,
!
which
allowed him to conclude that
light is a vibration of the EM field?
What if Planck had not discovered
that
h≠0 ?

III

What if the 1908 Tunguska
Comet had fallen somewhere
in Europe instead of Tunguska
in Siberia?

III

IV

What if the killer of the
Austrian Archduke Francisco
Ferdinand had been arrested
the day before the Sarajevo
event?
What if Lenin had been killed
during his travelling through
Germany?
What if the first nuclear
weapon had been built either
by Japan before Pearl Arbour
(1941) or by Hitler in 1942 or
by Stalin in 1943?
What if Nazi Germany had
defeated the Soviet Union?
What if the Chernobyl accident
had not occurred?

IV

V

VI

VII
VIII

IX

X

V

VI

VII
VIII

IX

What if Karol Wojtyla had not
been elected pope, thus
becoming John Paul II?
What if Communism had not
collapsed?

X
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What if Lorentz had not discovered
that space and time cannot be both
real?
What if Einstein had not discovered
the existence of time-like and spacelike real worlds?

What if Rutherford had not
discovered the nucleus?
What if Dirac had not discovered his
equation,
which
implies
the
existence of the antiworld?
What if Fermi had not discovered the
weak forces?
What if the ‘strange particles’ had
not been discovered in the Blackett
Lab?

On the basis of ‘What if?’ these
specialists conclude that the world
would not be as it is, if one, or few,
or any number of these had not been
as History tells us.
This is not the case for Science.
The world would have exactly the
same laws and regularities, whether
Galileo Galilei or somebody else
had discovered F = mg.
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It is in the consequences of
‘What if?’ that the two asymptotic
limits of Simplicity and Complexity
seem to diverge, despite the fact
that the sequence of ‘What if?’ in
Science belongs to the ‘totally
unexpected events’ exactly like the
others listed in the column of
History.
This table shows that UEEC
events exist in Science since its
origin.
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In Figure 12 we show that the
construction of the Standard Model has
been due to an impressive sequence of
UEEC events.
In Figures 13 and 14 there are some
further relevant details on QFD, QED
and QCD which are the 3 boxes on the
bottom of Figure 12.
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Figure 12

23

Figure 13

24

Figure 14
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Let me now mention a few
examples of AFB phenomena in
Science.
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Beethoven and the laws of
acoustics.
Beethoven could compose superb
masterpieces of music without any
knowledge of the laws governing
acoustic phenomena.
But these masterpieces could not
exist if the laws of acoustics were not
there.
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The living cell and QED.
To study the mechanisms
governing a living cell, we do not
need to know QED, even though all
these mechanisms are examples of
purely electromagnetic processes.
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Nuclear physics and QCD.
Proton and neutron interactions
appear as if a fundamental force of
nature is at work: the nuclear force,
with its rules and its regularities.
These interactions ignore that
protons and neutrons are made with
quarks and gluons. Nuclear physics
does not appear to care about the
existence of QCD, although all
phenomena occurring in nuclear
physics have their roots in the
interactions of quarks and gluons. In
other words, protons and neutrons
behave like Beethoven: they interact
and build up nuclear physics without
knowing the laws governing QCD.
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The conclusion is that we do have
AFB phenomenology in Science ≡ EBUS,
and Sarajevo-type events in Science ≡
EBUS. Therefore: Sarajevo-type events
and Beethoven-type phenomenology both
exist in History ≡ EWRL as well as in
Science ≡ EBUS.
There is no question that nature
shows structures which are considered as
complex on the basis of AFB and UEEC
events. What should be considered as not
granted is that in order to unreveal the
roots of AFB and UEEC events, we must
go from Reductionism to Holism.
We will show that these two basic
elements, AFB and UEEC – which are at
the origin of Complexity, with its
consequences permeating all our existence,
from molecular biology to life in all its
innumerable forms up to our own,
including History – do exist at the
fundamental level [1].
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To prove that Complexity exists at
all levels [1], including the fundamental
one, it is necessary to study:
i) the
experimental
evidence
which called for the existence of
Complexity;
ii) how we have discovered the
Standard Model including its
extensions;
iii) what would be the platonic
version of the Standard Model
and of the superworld, i.e. what
would be the ideal platonic
simplicity.
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It turns out that Complexity in
the real world exists, no matter
the mass-energy and space-time
scales considered [1], as shown in
the next Figure.
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XI
THE PLATONIC SIMPLICITY
FOR SPACE AND TIME
IS VIOLATED

34

In a Platonic World where Space
and Time were perfectly symmetric,
they should have the same number of
dimensions.
If we denote with NS the number
of Space dimensions and NT the number
of Time dimensions, it should be
NS = NT .
In real life, the number of
expanded dimensions is 3 for Space and
1 for Time.
This is the first deviation from a
Platonic Symmetry of Space and Time.
Space and Time depart from Platonic
Simplicity: NS ≠ NT. This is not all.
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The most spectacular example of
deviation from Platonic Simplicity
come after nearly two centuries of
discoveries in electricity, magnetism
and optics with the great synthesis of
the four Maxwell equations which
allowed a deep understanding of the
meaning and properties of light.
The Maxwell equations had an
unexpected and fascinating property:
their invariance when submitted to
Lorentz transformations.
This invariance brought Lorentz to
the discovery that Space and Time
could not be both real.
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The nature of Space and Time is
such that these two basic ingredients of
our existence cannot be both real.
If Space is real, Time must be
imaginary and viceversa. This is
another deviation from the Platonic
Symmetry of Space and Time.
To sum up: the number of Space
dimensions is bigger than the number
of Time dimensions, which is the
minimum possible: one.
They cannot be both real. One of
them must be imaginary. The world
appears to be very different from what
could be its Platonic Simplicity.
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XII
THE STANDARD MODEL
AND BEYOND:
HOW WE GOT IT
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This difference appears even more
dramatically when we look at the
Standard Model.
The superb synthesis called the
“Standard Model” is a part of a more
general structure, where many problems
are open.
We call this structure “The Standard
Model and Beyond”, “SM&B”.
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This Structure brings to the
unification of all Fundamental Forces
of Nature, suggests the existence of the
Superworld and produces the need for a
non-point-like description of Physics
processes (the so-called Relativistic
Quantum String Theory: RQST), thus
opening the way to quantize gravity.
All this is summarised in Figure 15.
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SM&B
THE STANDARD MODEL AND BEYOND

①
●
●
●

RGEs (αi (i ≡ 1, 2, 3); mj (j ≡ q, l, G, H)) : ƒ (k2).
GUT (αGUT ≅ 1/24) & GAP (1016 − 1018) GeV.
SUSY (to stabilize mF/mP ≅ 10−17).
RQST (to quantize Gravity).

②

Gauge Principle (hidden and expanded dimensions).
— How a Fundamental Force is generated: SU(3); SU(2); U(1) and Gravity.

③

The Physics of Imaginary Masses: SSB.
— The Imaginary Mass in SU(2)×U(1) produces masses ( mW± ; mZ0 ; mq; ml ),
including mγ = 0.
— The Imaginary Mass in SU(5)⇒SU(3)×SU(2)×U(1) or in any higher Symmetry
Group (not containing U(1)) ⇒ SU(3)×SU(2) × U(1) produces Monopoles.
— The Imaginary Mass in SU(3)c generates Confinement.

④

Flavour Mixings & CP ≠, T ≠ .
— No need for it but it is there.

⑤

Anomalies & Instantons.
— Basic Features of all Non-Abelian Forces.

444444444444444444444444444
Note: q ≡ quark and squark;
l
G
H
RGEs
GUT
SUSY
RQST
SSB

≡
≡
≡
≡
≡
≡
≡
≡

lepton and slepton;
Gauge boson and Gaugino;
Higgs and Shiggs;
Renormalization Group Equations;
Grand Unified Theory;
Supersymmetry;
Relativistic Quantum String Theory;
Spontaneous Symmetry Breaking.

mF
mP
k
C
P
T

≠

≡
≡
≡
≡
≡
≡
≡

Fermi mass scale;
Planck mass scale;
quadrimomentum;
Charge Conjugation;
Parity;
Time Reversal;
Breakdown of Symmetry Operators.

Figure 15: 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.

Figura 15
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For clarity we specify in Figure 16
three main problems “Beyond the
Standard Model”.
The dots indicate the problems
whose nature is experimentally
checked. The question marks are open
problems.
Let us see how we got it.
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PROBLEMS BEYOND THE
STANDARD MODEL
Why not zero?


MASS



Hierarchy 

Why so small?

SUSY ?

"m %
$$ W ''
# mpl &


HIGGS ?

(quark, leptons, EW Gauge Bosons)
14444244443

Unification

×

SU(3)× SU(2)× SU(1)

m!
χ ~ 1016 GeV

GUT

α3

α2

α1

1444442444443

mW

× ~ 102 GeV

τp ≠ ∞ ?
mν ≠ 0 

SU(3)× SU(2)W× U(1)em
14444244443



αSU
MSU
1018 GeV


FAMILY

GAP
?

αGUT ≡ α3 ≡ α2 ≡ α1
MGUT
1016 GeV

Why so many ? 3 
What fixes the ratio of their masses ?
What fixed the mixing ?

× ≡ Symmetry breaking

≡ Experimentally true
Figure 16
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XIII
A FEW EXAMPLES
OF DEVIATIONS FROM
PLATONIC SIMPLICITY
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We now discuss the greatest
synthesis of all times in the study of
fundamental phenomena. This synthesis
is called the Standard Model.
We will see that the basic
achievements of the Standard Model
could not care less about the existence
of Platonic Simplicity.
Platonic Simplicity is violated at
every corner in the process of
construction of the Standard Model.

45

We will devote our analysis to this
point. The conclusion is that
Complexity exists at the elementary
level. In fact, starting from Platonic
Simplicity, the Standard Model needs a
series of “ad hoc” inputs.
These inputs are the proof that at
the elementary level there is
experimental evidence for the existence
of the two mechanisms: the AFB
phenomena and the UEEC events.
A few cases where I have been
directly involved are summarised in
Figure 17.
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➀ The 3rd lepton
despite the abundance of neutrinos: νe (νµ) another
one (ν HL).

➁ Antimatter
despite S-matrix and C, P, CP breaking.

➂ Nucleon Time-like EM structure
despite S-matrix. inst

➃ No quarks in violent (pp) collisions
despite scaling.

➄ Meson mixings
θV ≠ θPS : (51º) ≠ (10º) ≠ 0 despite SU(3)uds . inst

➅ Effective energy: the QCD-light
despite QCD.

➆ The running of α1 α2 α3 versus energy at a point EGU.
(1979) (1991) despite straight line convergence.
EGM
Figure 17
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Mass

≠ Matter

| m 〉 ≡ Mass ≡ Antimass ≡ | m 〉
i
i

i ≡ 1 (Intrinsic); i ≡ 2 (Confinement); i ≡ 3 (Binding)
!
C|m 〉 = |m 〉
i
i

✳✳✳

i

i ≡ 1, 2, 3

|m Q
i j

〉 ≡

Matter

≠ Antimatter ≡ | mi Q j〉

Qj ≡ Flavour Charges
j ≡ (u d c s t b )
≡ (1, 2, 3, 4, 5, 6)
!
−
( ν e e− ν µ µ − ν HL HL ) ≡ (7, 8, 9, 10, 11, 12)
↓

τ−
C|mQ〉 = |m Q 〉
i j
i j

✳✳✳

i ≡ 1, 2, 3 ; J ≡ 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12.

!Figure 18

From the Greeks who associated
“stability” of matter with “heaviness” to
our present understanding, the number
of Sarajevo-type events is really
impressive.
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There are in fact seven decades of
developments which started from the
antielectron and C-invariance and
brought us to the discovery of nuclear
antimatter and to the unification of all
gauge forces with all deviations from
simplicity.
These steps are reported in Figure
19, which looks as complex and full of
deviations from simplicity as a page of
History (EWRL), despite being a page
of Science (EBUS).
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THE INCREDIBLE STORY
TO DISENTANGLE THE ORIGIN OF THE STABILITY OF MATTER
SEVEN DECADES FROM THE ANTIELECTRON TO ANTIMATTER
AND THE UNIFICATION OF ALL GAUGE FORCES
validity of C invariance from 1927 to 1957.
• The
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 [2]; 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 [3]) the existence of
the Dirac antielectron.
1930-1957 → Discovery of the C operator [(charge conjugation) H. Weyl and P.A.M. Dirac
[4]]; discovery of the P Symmetry Operator [E.P. Wigner, G.C. Wick and A.S.
Wightman [5, 6]]; discovery of the T operator (time reversal) [E.P. Wigner,
J. Schwinger and J.S. Bell [7, 8, 9, 10]]; discovery of the CPT Symmetry
Operator from RQFT (1955-57) [11].
1927-1957 → Validity of C invariance: e+ [3]; p [12]; n [13]; K 02 → 3π [14] but see LOY
[15].
• The new era starts: C ≠ ; P ≠ ; CP ≠ (*) .
1956
→ Lee & Yang P ≠ ; C ≠ [16].
1957
→ Before the experimental discovery of P ≠ & C ≠, Lee, Oehme, Yang (LOY)
[15] point out that the existence of the second neutral K-meson, K 02 → 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 ≠ [17]; CP ok [18].
1964
→ K 02 → 2π ≡ KL : CP ≠ [19].
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 [20]. See also [21].
1968
→ The discovery [22] 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 [23]. 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 [24].
1971-1973 → β = − ; ‘t Hooft; Politzer; Gross & Wilczek. The discovery of non-Abelian
gauge theories. Asymptotic freedom in the interaction between quarks and gluons
[24].
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 α 1 α 2 α 3 , to converge towards a unique point [25].
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 [26] 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 [27, 28] .
1994
→ The Gap [29] between EGU & the String Unification Energy: ESU ≅ EPlanck .
1995
→ CPT loses its foundations at the Planck scale (T.D. Lee) [30].
1995-1999 → No CPT theorem from M-theory (B. Greene) [31].
1995-2000 → A.Z. points out the need for new experiments to establish if matter-antimatter
symmetry or asymmetry are at work.
44444444
(*)

The symbol ≠ stands for “Symmetry Breakdown”.

Figure 19

50

In homage to Richard Dalitz let
me show Figure 20.
f

SU(3)1
PDB

θ PS =−10°

ss

PDB

θ V =+39°

η'
φ

GT

θ V =+51°

η

GT

θ PS =+10°
f

SU(3)8
ω
1

√2

(uu+dd)

PDB ≡ Particle Data Book
GT ≡ Gerardus 't Hooft

θPS ≠ θV
Direct: Not Using Mass Formulae
Figure 20
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In the Physics of Mesons the
totally unexpected result was the
difference existing between the two
mesonic mixing angles, pseudoscalar
and vector: θPS ≠ θV.
They should both be zero if
SU(3)uds was a good Symmetry.
The existence of Instantons was
not known.
They came after the
discovery that θPS ≠ θV.
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Another great physicists I would
like to recall is Vladimir Gribov who
recalled what follows.
Newton discovered that Light is
the sum of different colours: QED.
In QCD we have quarks and
gluons interacting and producing Jets
made of many pions pp → π + X as
shown in Figure 21.
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Figure 21
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This is what Gribov defined: the
QCD light.
The Effective Energy shown in
Figure 22 is at its origins, despite being
totally unexpected.
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Figure 22
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Let me now show the most exact
use of the renormalization group
equations for the running of the three
gauge couplings α1 α2 α3.
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Figure 23
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The Unification of all Forces and
the Supersymmetry threshold with its
problems are reported in Figures 23 and
24 respectively.
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Figure 24
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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).
To compute the energy threshold
using only the “running” of the gauge
couplings (α1, α2, α3) corresponds to
neglecting nearly three orders of
magnitude in the energy threshold for
the discovery of the first particle (the
lightest) of the Superworld [32], as
illustrated in Figure 24.
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Let me now illustrate in Figure 25
the Platonic Grand Unification in the
Convergence of the three Gauge
Couplings α1 α2 α3 . The “Platonic”
Simplicity would indicate the series of
points making up the straight line as the
ideally simple solution.
The real
solution is the sequence of points which
totally deviate from the straight line.
This is just an example of
comparison between the “Platonic”
Simplicity and the “real world”, when
we deal with the Grand Unification.

62

The points have a sequence of 100 GeV in energy. The last point where the
“ideal” platonic straight line intercepts the theoretical prediction is at the
energy of the Grand Unification. This corresponds to EGU = 1016.2 GeV.
Other detailed information on the theoretical inputs: the number of fermionic
families, NF , is 3; the number of Higgs particles, NH , is 2. The input
values of the gauge couplings at the Z0-mass is α3 (MZ) = 0.118 ± 0.008;
the other input is the ratio of weak and electromagnetic couplings also
measured at the Z0-mass value: sin2 θW (MZ) = 0.2334 ± 0.0008.

Figure 25
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Talking about Supersymmetry,
there is another important step: how we
go from pure Theoretical Speculations
to Phenomenology. This is not an easy
task.
The proof is given in Figure 26
where it is shown how many important
properties of the physics to be described
have been neglected by some authors
(AdBF) whose claim was to “predict”
the
energy
scale
at
which
Supersymmetry is broken.
In order to attempt to give such a
prediction, there are at least five
“details” to be taken into account, as
reported in the last five columns of
Figure 26.
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①

②

Authors Input data Errors
ACPZ

WA

±2σ

[32, 50→55]

Authors
AdBF
[56]

Input data Errors
only one ± 1 σ
experiment

③

④

⑨
⑩

⑥

⑦

⑧

⑨

⑩

EC
MSUSY
CC
UC ΔTL MX ΔTH EGM
all possible
Yes
physical Yes Yes Yes Yes Yes
solutions (24)
EC
only one
solution

MSUSY
CC
UC ΔTL MX ΔTH EGM
Yes Geometrical No No No No No

① WA

②
③
④
⑤
⑥
⑦
⑧

⑤

≡
Errors ≡
EC
≡
MSUSY ≡
CC ≡
UC ≡
ΔTL ≡
MX
≡

World Average
Uncertainty taken from all data (World Average) or from a single experiment
Evolution of Couplings
Mass Scale assumed to represent the Supersymmetry Scale breaking
Convergence of Couplings
Unification of Couplings above EGUT
Low Energy threshold
Mass Scale at the breaking of the Grand Unified Theory to the
SU(3)xSU(2)xU(1)
ΔTH ≡ High Energy threshold
EGM ≡ Evolution of Gaugino Masses

Figure 26
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XIV
THE PLATONIC
GRAND UNIFICATION

66

Let us now move towards the Platonic
structure of a Grand Unification, taking as
basic points the Gauge Principle and the
SSB (Spontaneous Symmetry Breaking)
mechanism, which represent the conceptual
structure of the Standard Model.
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.
This basic fundamental particle can
therefore exist either as being a boson BB or
as being a fermion BF .
Let us consider first BB .
The Fundamental Forces exist because a
Basic Fundamental Boson BB exists.
Figure 27 illustrates the simple sequence
which generates all known forces of Nature.
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BB

BT

BG

T ≡ Tensor
J = 2h
It does not
distinguish
Bosons
from
Fermions

BH

Gauge particle
Higgs scalar
J = 1h
J = 0 & imaginary mass
SSB
U(1)

SU(2)

SSB
14243

QED
It does not
distinguish the
12 Flavours.
Only Electric Charge

QFD

It does not
distinguish the
6 Flavours of Quarks

(see Fig. 28)

Figure 27
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SU(3)
123
QCD

At the bottom of Figure 27 there is the
QFD force, illustrated in Figure 28.
The “Platonic” Simplicity suffers a
further deviation.
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QFD
u
lm
1, 2, 3
d
l m 1, 2, 3

u
qm
1, 2, 3
d
qm
1, 2, 3

( )

( )

( )

( )

Experimentally
proved

Experimentally
proved

mixing
& C ≠; P ≠;
CP≠

?
Figure 28
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In fact, we need to introduce many
complications.
The quarks and the
leptons are “mixed”.
This mixing is indicated by the
index m, while the indices “u” and “d”
refer to the two types of flavours (uptype) and (down-type) which are present
in each of the three families: 1, 2, 3.
There is a further complication.
The two mixings for the “up” and
the “down” flavours must be different.
In the case of the quark, this mixing
is experimentally measured.
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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.
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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 .
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We now show in Figure 29 the
deviations needed from the Platonic
Simplicity, when we start from the basic
fundamental fermion BF . 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.
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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 29
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The bold symbols, QCD, QED in the column

BFq
indicate that the 6 quark 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

(qum )1, 2, 3

and (q dm )

1, 2, 3

interact via the QFD forces.

!

!
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The column below
BFl

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.

78

In the quark case, the CP
Symmetry breaking, CP ≠ , has been
experimentally established not to be via
the basic Standard Model mechanism,
SSB.
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.
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All these question marks are
evidence of further deviations from the
simple Platonic descriptions of natural
phenomena.
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A synthesis of the Platonic Grand
Unification and the deviations needed is
shown in Figure 30.
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Figure 30
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XV
THE PLATONIC SUPERSYMMETRY
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The
Platonic
Concept
of
Supersymmetry
is
schematically
reported in Figure 31, where the basic
point for a Platonic Concept of
Supersymmetry is given; i.e. the only
fermions with spin 1/2 h allowed to
exist would be the “gauginos”.
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THE PLATONIC CONCEPT OF SUPERSYMMETRY

and

If NATURE was really SUPERSYMMETRIC
the Gauge Principle should generate a
Gauge Force
Gauge Bosons
Supersymmetry Transformation generates Gauginos

1st

DEVIATION FROM PLATONIC SIMPLICITY
OUR FERMIONS ARE NOT THE GAUGINOS

2nd

DEVIATION FROM PLATONIC SIMPLICITY
THE FUNDAMENTAL FERMIONS ARE OF TWO
DIFFERENT CLASSES: LEPTONS AND QUARKS

3rd DEVIATION FROM PLATONIC SIMPLICITY
THERE IS NOT ONLY ONE BUT THREE FAMILIES
OF FUNDAMENTAL FERMIONS
4th DEVIATION FROM PLATONIC SIMPLICITY
THE FUNDAMENTAL FERMIONS BECOME MIXED WHEN THE
WEAK FORCES ARE SWITCHED ON: MIXINGS
5th

DEVIATION FROM PLATONIC SIMPLICITY
THERE ARE DIFFERENT MIXINGS
Figure 31
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If the only allowed fermions would
be the “gauginos”, there would be no
way to have quarks and leptons.
Our fermions are not the gauginos.
A deviation is needed. And this is
the first one.
Our fermions are in fact of two
classes: quarks and leptons.
Another deviation is needed to
introduce quarks and leptons.
And this is not enough: one Family
would not suffice.
We need another deviation, the third
one, in order to produce Three Families.
Once again this is not enough.
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We need a further deviation: the
fundamental fermions became mixed
when the weak forces are switched on.
This fourth deviation is followed by
another one, the fifth: the mixing of
states in the quark sector and in the
leptonic sector are different.
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XVI
THE WORLD COULD NOT CARE
LESS ABOUT THE EXISTENCE OF
THE SUPERWORLD:
THE MOST RECENT EXAMPLE
OF ANDERSON-FEYNMANBEETHOVEN-TYPE
PHENOMENON

88

A few words on how is the world
made. A flower, the sea, the air we
breathe, the Moon, the Stars, the Sun itself,
whatever we call World is made of
Fermions and Bosons.
● Fermions: (with “half-integer”
spin like the electron). These
particles – called quarks and
leptons – are the “bricks”, more
precisely, the tiny “tops”, of our
material existence.
● Bosons: (with “integer” spin like
the photon). Particles having this
“spin” value are the “glues” of
the Fundamental Forces acting
between “bricks”. The “glues”
are also tiny “tops”.
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THE THREE COLUMNS
THE THREE FAMILIES
Qe

1st

2nd

3rd

0

νe

νHL

−1

e−

νµ
µ−

;

;

HL−
τ−

+ 2/3

u

− 1/3

d

c

;

1967

1975

Q
U
A
R
K
S

t

;

s

L
E
P
T
O
N
S

b

( c; s ) 2nd

Quarks
1st

( u; d )
( t; b ) 3rd

( νµ; µ− ) 2nd

Leptons
1st

( νe; e− )
( νHL ;

HL − ) 3rd

≡ to be discovered

τ−

THE FLAVOUR SPACE OF THE THREE FAMILIES

Figure 32

90

The upper panel of Figure 32
shows the three families of quarks and
leptons, together with the respective
values of their electric charge, Qe.
The lower panel shows the spaces
of the so-called “subnuclear flavour”
charges (with additively conserved
quantum numbers).
Notice that the third family lepton
τ− was originally (1967) named HL−
by the BCF (Bologna-CERN-Frascati)
Group.
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Its partner νHL, the existence of
which was postulated in 1967 in the
experimental proposal by the BCF
group to search for heavy leptons at
Frascati, would have been directly
observed only recently.
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THE THREE FUNDAMENTAL FORCES
THE FUNDAMENTAL FORCES
y

Lorentz
Space-Time
Dimensions
(i x, t)

x

I

Gravitational Forces
z

Hidden Complex Dimensions
II Electro-Weak Forces
=> U(1)

EM => Electro-Magnetic Forces
SSB

=> SU(2)

QFD => Weak Forces

III Subnuclear Forces
> QCD => Nuclear Forces

=> SU(3)

Figure 33
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!

The upper panel of Figure 33 shows
a
standard
Lorentz
Space-Time
to illustrate how gravitational Forces
originate from the fact that, in any point
r
(i x, t) of such a Space, a change of
reference system is possible without
altering any physical result.
In the lower panel the origin of the
other forces, the [SU(2) × U(1)]
electroweak one and the [SU(3)] strong
one, is sketched.
These forces derive from the
possibility to operate in fictitious Spaces
with one [U(1)], two [SU(2)] and three
[SU(3)] complex dimensions, under the
condition of invariance of the physics
results. Why do columns have half-integer
spin and why do forces have integer spin?
Can columns with integer spin and forces
with half-integer spin exist?
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OUR WORLD HAS FOUR
SPACE-TIME DIMENSIONS
y
Three Space Dimensions
x
One Time Dimension

z

D BE " (3 + 1) " (x ; it)

!

DB ≡ Bosonic Dimensions
DE ≡ Expanded Dimensions

DF ≡ Fermionic Dimensions
DC ≡ Compact Dimensions

Super Space
DCF " 32 ; DCB " (9 +1) + 1

D BE ! (3 + 1)
THE
! SUPER SPACE HAS 43 DIMENSIONS
Figure 34
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Where could be the proof that we come
from the Superworld?
The ashes of the Superworld (the
so-called neutralinos) could explain the
compactness of our Galaxy.
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Figure 35
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Neutralinos cannot aggregate into
Stars since, being neutral, they lose
little energy. This would allow
neutralinos to remain in a sphere
concentric with our Galactic centre.
Even though they aggregated into
Stars, neutralinos could not emit light,
like ordinary Stars do.
Fire needs the plasma of protons
and electrons. This is why super Stars
cannot exist.
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WHY DO WE NEED THE SUPERWORLD
There are fundamental reasons making the
Superworld a need.
1) The two energy scales must be kept
separate: 1019 GeV (Planck) and 102 GeV
(Fermi).
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 Pointlike 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 (Renormalization Group Equations)
– the Supersymmetry Law (F ≡ B) must
necessarily be introduced.
5) An interesting detail:
no ScaleSupergravity 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 from the
compactification of the 43-dimensional
Super Space to go to our present world with
(3+1) Space-Time dimensions.
7) 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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CONCLUSION
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If Complexity exists at the
Fundamental level, the prediction is
that a totally unexpected event of
the UEEC class must take place –
as it has been in the past (recall the
table of “What if?”).
This UEEC event cannot be
anything belonging to our list of
TEN CHALLENGES
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THE TEN CHALLENGES
1) The Physics of Imaginary masses:
SSB
2) P ≠, C ≠, CP ≠, T ≠ : DSB; CPT ≠,
and Matter-Antimatter Symmetry
3) Supersymmetry SUSY
4) Non-perturbative QCD and the
Physics of deconfined colour charges
5) Anomalies and Instantons
6) Flavour mixing in the quark sector
7) Flavour mixing in the leptonic sector
8) The problem of the missing mass in
the Universe
9) The problem of the hierarchy
10) The Physics at the Planck Scale, the
gap and the number of expanded
dimensions
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In fact
RQST
generates the
LANDSCAPE
(L. Susskind)
and it could be that
RQST
will bring to models
like the Polchinski one
which is
NP - Complete
(M.R. Douglas and F. Denef)
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The final “What if?”
What if all
RQST-models are,
each one,
NP-complete?
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FINAL
CONCLUSION
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We have proved 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
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• There is a new Energy Range
opened by LHC and
a world which is totally different
from our own world
(made with QCD vacuum).
• This new world is the
QGCW
• Here totally unexpected effects
should exist,
• how to detect these unexpected
effects?
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• An example:
Incoming
p, n, γ, e, µ

QGCW
Outcoming particles
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Holism is not a new discovery.
For many thousands years all
civilizations have being working using
Holism. This did stop 400 years ago
thanks to Galileo Galilei who started to
discover the first elements of the Logic
of Nature.
Now the big question is if we go
towards the possibility that Science is
NP-complete.
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Let us not forgett that it is thanks
to Reductionism that we have
discovered the basic quantities the
world is made of basic quantities.
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BASIC QUANTITIES

s
t
m
E
v
!
Q

Real
Imaginary (SSB)
Fermions
Bosons
QG : Origin of the
Fundamental Forces
(Gauge Principle:
SU(3)×SU(2)×U(1))
Qf : Stability of Matter
(Flavours = 6q + 6l)
(I; II; III)
Figure 6
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Another detail I would like to mention
is the chain where the interaction with the
environment start.
This is at the level of protein.
From the Standard Model up to the
molecules there is no effect of basic nature
coming from the interaction with the
environment.
Once again we have reached this
conclusion via the reductionistic method.
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APPENDIX 1
The temporal succession of Language,
Logic and Science in the history of our
Civilisation.
Language: no-one knows when man
started to use this very efficient way
of communicating with his fellows.
Let us suppose 105 years ago.
The first written records of human culture
date back to about 104 years.
This is the beginning of Permanent
Collective Memory (PMC).
Here is the Dawn of Civilisation.
Logic started with Epimenide
about 2.5 × 103 years ago.
Science with Galileo Galilei 400 years ago.
Science could not arise before Logic.
Logic could not arise before PMC
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APPENDIX 2

Figure 39

116

117

