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MY PERSONAL EXPERIENCE ON THE
SCIENTIFIC LEGACY OF THE 20'" CENTURY

ANTONINO ZICHICHI

1. Introductory Remarks Concerning the ‘Convictions Spread by Modern
Culture’

Let me, first of all, express my gratitude to our Chancellor, Monsignor
Marcelo Sanchez Sorondo, Professors Werner Arber and Jiirgen Mittelstrass,
for having organised this extremely interesting and ‘up-to-date’ series of plenary
sessions of our Academy, dedicated to the Scientific Legacy of the 20" Century.

1* point. The Scientific Legacy of the 20® Century cannot be independent
from and must be coupled with the Culture of our Time [1].

2 point. This Culture is defined as being ‘modern’ but in fact it is pre-
Aristotelic [2]. Proof: neither Rigorous Logic nor Science are part of the
Culture of our Time.

Let me recall a statement by H.H. Benedict X VI, concerning the Culture
of our Time. The Pope has pointed out that it is necessary to speak about
the elements that challenge the convictions spread by Modern Culture. The most
important of these ‘convictions’ is the link between Science and Faith. Here
comes my second point: namely the fact that, in the Culture of our Time,
Rigorous Logic and Science are absent. It is generally believed that the reason
why people have Faith is because the great public knows little, very little,
about Rigorous Logic and Science.

Modern Culture maintains that if people knew more about Mathematics
and Physics which, according to Enrico Fermi, is the fulcrum of all sciences,
people would realise that Faith has nothing to do with either Logic or Science
and that Faith is in contradiction with the great achievements of Mathematics
and Physics. A widespread conviction of Modern Culture is that Atheism is
the result of the great achievements in mathematical rigour and in Physics. If
our so-called Modern Culture were consistent in its reasoning, it would have
to recognise the fact that a rigorous analysis of what Atheism is all about shows
that Atheism is an act of Faith about nothing (see Appendix 1).

Here comes my ‘personal experience’, based on what I have done in
Physics. The result is that what I have done is perfectly consistent with all
other achievements in the fundamental search for the existence of the ‘Logic
of Nature’. This is what we have been doing since Galileo Galilei, the father
of the 1% Level of Science (the three levels of Science are discussed in Ap-
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pendix 2). The results obtained in 1% Level Science show that these results
were obtained in a totally unexpected way, i.e.: no one had been able to pre-
dict these discoveries. The list of these discoveries is impressive as [ have al-
ready reported in previous lectures ([3], see also Appendix 5.3). We call these
achievements UEECs, which stands for Unexpected Events with Enormous
Consequences. What I have done further confirms the existence of UEEC
phenomena, which started to be discovered by the father of the 1% Level of
Science, Galileo Galilei. Let me show a synthesis of achievements in Physics

from Galilei to the first half of the 20 Century (Figures 1 and 2).

“UEEC” TOTALLY UNEXPECTED DISCOVERIES
FROM GALILEI TO FERMI-DIRAC, THE “STRANGE” PARTICLES
AND THE YUKAWA GOLDMINE
I Galileo Galilei: F =mg .
II |Newton: F=G21 12
RY,
III | Maxwell: the unification of electricity, magnetism and optical phenomena,
which allows to conclude that light is a vibration of the EM field.
14 Becquerell: radioactivity.
V' | Planck: h =0 . The quantum nature of the World.
VI | Lorentz: Space and Time cannot both be real.
VII Einsteinf the exigtence of time-like anq space-like worlds. Only in the time-like
world, simultaneity does not change, with changing observer.
VIII | Einstein: the photon.
X Weyl: Gauge Invariance.
X | Bohr: the structure of the atom.
Xl | de Broglie: wave nature of particles.
Xl Schrodinger: wave function, and its probabilistic interpretation (Born).
XIII | Rutherford: the nucleus.
XIV | Hess: cosmic rays.
XV | Einstein: the Space-Time curvature.
xvI Von Neumann: the proof that Quantum Mechanics is self consistent (no
contradictions).
XVII | Pauli: the Exclusion Principle.
XVIII | Heisenberg: the Uncertainty Principle.
Figure 1.
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XIX Dirac discovers his equation, which opens new horizons, including the existence
of the antiworld.

XX | Chadwick: the neutron.
XXI | Wigner: Time Reversal Invariance (T).

XXII Majorana: relativistic invariance allows not only spin '%, as it is the case for the
electron, but any spin value.

Majorana: uncharged particles with spin ' identical to their antiparticles are
allowed by relativistic invariance. These particles are now called “Majorana
fermions”.
XXIV | Fermi-Dirac and Bose—FEinstein discover two completely different statistical laws.
XXV | Other Invariance Laws: Charge conjugation (Weyl and Dirac); Parity (Wigner); CPT
(Pauli).

XXVI | The neutrino (Pauli, Fermi).

XXVII | Fermi: weak forces.
XXVIII| The Stars are “nuclear-fusion” candles (Fermi, Bethe).

XXIX | Von Neumann: electronic computing.
The sequence of unexpected Fermi discoveries: Fermi-coupling, Fermi-gas,

XXX | Fermi-momentum, Fermi-temperature, Fermi-surface, Fermi-transition, Fermi-
length (plus the other three quoted above: XXIV, XX VI, XXVII).

XXXI | The “strange particles” are discovered in the Blackett Lab.
The Yukawa goldmine. Let me devote some attention to the discussion of UEEC
events in nuclear physics (i.e., The Yukawa Goldmine).
Nuclear Physics and UEEC events.

It is considered standard wisdom that nuclear physics is based on perfectly sound
theoretical predictions. People forget the impressive series of UEEC events
discovered in what I have decided to call the “Yukawa goldmine” [4]. Let me
quote just three of them:

1 The first experimental evidence for a cosmic ray particle believed to be the

Yukawa meson was a lepton: the muon.

2 The decay-chain: m — p — e was found to break the symmetry laws of Parity
XXXIT and Charge Conjugation.

3 The intrinsic structure of the Yukawa particle was found to be governed by a

new fundamental force of Nature, Quantum ChromoDynamics: QCD.
As you know 2007 was the centenary of the birth of Hideki Yukawa, the father of
theoretical nuclear physics [4]. In 1935 the existence of a particle, with mass
intermediate (this is the origin of “mesotron” now “meson”) between the light
electron, m_, and the heavy nucleon (proton or neutron), m,, was proposed by
Yukawa [5]. This intermediate mass value was deduced by Yukawa from the
range of the nuclear forces. Contrary to the general wisdom of the time, Yukawa
was convinced that the particles known (electrons, protons, neutrons and
photons), could not explain how protons and neutrons are bound into the
extremely small dimensions of a nucleus.
The “Majorana fermions” give rise to a sequence of unexpected discoveries not
only in the grand unification of all fundamental forces but also in the physics of
XXXy condensed matter, such as: Majorana spin-flip and ultra-low T physics,
topological insulators, Majorana liquids and fermion fractionalization, Majorana

fermions in tunable semiconductors, Majorana fermions and topological phase
transitions.

XXIIT

Figure 2.
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I have included the invention of electronic computers by Von Neumann
(XXIX), which no one could have imagined at the beginning of the 20
Century. Point no. XXX refers to the impressive list of Fermi discoveries:
once again, all totally unexpected.

THE SECOND HALF OF THE 20TH CENTURY

XXXx7V| The Subnuclear World.

XXXV | The Standard Model and Beyond.

XXXV The Superworld.

Figure 3.

The UEEC: of the second half of the 20™ Century (Figure 3) are grouped
into 3 classes:

* one is the ‘Subnuclear World’

* the second is the ‘Standard Model and Beyond’

¢ the third 1s the ‘Superworld’.

The existence of the Subnuclear World and the Standard Model are
strictly correlated. The third is the frontier of our knowledge which exists as
a fascinating mathematical structure, but lacks Galilean experimental proof
(Appendix 3).

The reason why no one is able to predict what is discovered in funda-
mental scientific research is inherent in the fact that the Author of the Logic
which governs the world, from its most elementary structures to the frontier
of the cosmos, is smarter than us all: philosophers, thinkers, mathematicians,
physicists, artistic leaders, musicians, no one excluded.

The Author of the Logic of Nature being smarter than us all, the only
way to learn more about the Fundamental Logic is to perform experiments.
The most advanced experiment in the frontier of our Physics is, today, the
Quark-Gluon-Coloured-World (QGCW) [6] project whose purpose is to
understand how the world was one-tenth of a nanosecond (10719 sec.) after
the Big Bang. No philosopher, no mathematician, no physicist can tell us if,
at that moment, the world was as we think it could have been, i.e.: obeying
the Supersymmetry Law which establishes that Fermions and Bosons must

be exactly equivalent, i.e.:
F=B.
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This supersymmetry law generates the Superworld. Details about the rea-
sons why the Superworld is needed are in Appendix 3.4. From the Super-
world, after 20 billion years, here we are with the world in 4 dimensions (3
for space, one for time, Figure 15a), while the Superworld has 43 dimensions
(Figure 15b). These two Figures are on page 21.Where the ashes of the Su-
perworld might be is in Appendix 3.5.The point I want to emphasize is that
no one can tell us what will be discovered at CERIN with the LHC, the
Large Hadron Collider, the world’s most powerful collider, which will recre-
ate the conditions the world was in at At =101 sec. after the Big Bang. No
one can tell us if the Superworld was there at that time. Only the experi-
mental results will allow us to know if the reasons why the Superworld is
needed are correct and the corresponding mathematics do belong to the
Logic of Nature that we are trying to decipher.

After these long introductory remarks, I will now devote the last part of
this lecture to my activity, which is my contribution to the confirmation that
UEEC phenomena exist and represent the proof that the Author of the Logic
of Nature is smarter than us all. Here is my personal experience.

2. My Scientific Testimony

A few examples I have been involved in are reported in Figure 4.

® The 3 lepton, HL: (now called t) with its own neutrino, vy
(now called v,),

despite the abundance of neutrinos: v, and v,,.

Antimatter

despite S-matrix and C, P, CP, T breakings.

Nucleon Time-like EM structure

despite S-matrix

No quarks in violent (pp) collisions

despite scaling.

Meson mixings

0, = Opg:(51°) =(10°) =0 despite SU(3),,, .

Effective energy: the Gribov QCD-light

despite QCD-confinement.

The running of o, a, o, versus energy:

the EGM effect, the GAP between Equr and Egy, and the
absence of the Platonic straight line convergence.

Q@ ® ©® ® © ©

Figure 4.
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I will only discuss four points: 1,2, 6 and 7.

Point 1
The Third Lepton, and the other unexpected events in Electroweak In-
teractions are illustrated in Figure 5.

Note that for the Electroweak force, Nature has not chosen the simplest
way out SU(2), but unexpectedly SU(2) XU(1).
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Figure 5.

Point 2

The problem of understanding the difference between mass and matter
is illustrated in Figure 6.The incredible series of events which originated
with the problem of understanding the stability of matter is shown in Figure
7, together with the unexpected violation of the Symmetry Operators (C, P,
T, CP) and the discovery of Matter-Antimatter Symmetry.
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Whan { 1903) Einstein discovered that
mi— = I
he could not sleep at night.
(Perer G Bersmann fesimony)

Mass # Matter

'm,}) = Mass= Anfimass = | m, )

1= 1 (Intrinsic);, 1= 2 (Confinement); 1 = 3 (Binding)

Clm) =|m) ExE1
i=1,2,3
| m, I:JJ} = Matter # Antimatter = | m, GI)
Q}lr Flavour Charges
Jmiv de s t b)) =(1,23456
(Ve BTV, L™ Vi l:lIL':- = (7.8.9, 10,11, 12)

L
ClmQ) =Imq) [#%=
i=1,2,3: J=1,2,34,56.7,8,9,10,11,12

Figure 6.

Figure 7 shows 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 a series of unex-
pected discoveries.
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THE INCREDIBLE STORY
TO UNDERSTAND THE ORIGIN OF THE STABILITY OF MATTER
SEVEN DECADES 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 [7]; 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 [8]) the existence of
the Dirac antielectron.

1930-1957 — Discovery of the C operator [(charge conjugation) H. Weyl and P.A .M. Dirac
[9]]); discovery of the P Symmetry Operator [E.P. Wigner, G.C. Wick and A.S.
Wightman [10, 11]]; discovery of the T operator (time reversal) [E.P. Wigner,
J. Schwinger and J.S. Bell [12, 13, 14, 15]]; discovery of the CPT Symmetry
Operator from RQFT (1955-57) [16].

1927-1957 — Validity of C invariance: e* [8]; [ [17]; & [18]; K] —3m [19] but see LOY [20].

® The new erastarts: C= ; P= ;CP= (.

1956 — Lee& Yang P=; C= [21].

1957 — Before the experimental discovery of P = & C =, Lee, Ochme, Yang (LOY) [20]
point out that the existence of the second neutral K-meson, K — 3w, is proof
neither of C invariance nor of CP invariance. Flavour antiflavour mixing does not
imply CP invariance.

1957 — C.S.Wuetal. P=; C= [22]; CP ok [23].

1964 - K| —2m =K :CP = [24].

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 [25]. See also [26].

1968 — The discovery [27] at SLAC of Scaling (free quarks inside a nucleon at very high
¢°) but in violent (pp) collisions no free quarks at the ISR are experimentally found
[28]. 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
discovered in 1971 that the p-function has negative sign for non-Abelian theories

[29].

1971-1973 — B =- ; 't Hooft; Politzer; Gross & Wilczek. The discovery of non-Abelian gauge
theories. Asymptotic freedom in the interaction between quarks and gluons [29].

1974 — Al! gauge couplings o, @, o, Tun 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 a o, @, , to converge towards a unique point [30].

1980 — QCD has a “hidden” sidé: the multitude of final states for each pair of interacting

particles: (e*e™; pJ; mp; Kp; vp; pp; etc.)
The introduction of the Effective Energy allows to discover the Universality
properties [31] in the multihadronic final states.

1992 — All gauge couplings converge towards a unique point at the gauge unification
energy: Egy = 10" GeV with ogy = 1/24 [32,33].

1994 — The Gap [34] between Eg; & the String Unification Energy: Eqy = Eppapek -

1995 — CPT loses its foundations at the Planck scale (T.D. Lee) [35].

1995-1999 — No CPT theorem from M-theory (B. Greene) [36].
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 7.
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Point 6

The non-Abelian nature of the Interaction describing quarks, gluons and

the Effective Energy with the set of unexpected discoveries is illustrated in
Figure 8.
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Figure 8.

Point 7

The Unification of all Forces and the Supersymmetry threshold with its
problems are reported in Figures 9 and 10 (see pp. 359-360) respectively.
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Figure 10 illustrates the EGM effect which lowers by a factor 700 the
threshold for the production of the lightest superparticle.

The mathematical formalism used to obtain the results shown in Figures
9 and 10 is a system of three differential non-linear equations (shown in Fig-
ure 11) describing how the gauge couplings

o, Q (withi=1,2,3;and ] = 1,2,3 buti #)),

vary with ‘w’, the basic parameter which depends on the energy of a given
elementary process.

THE UNIFICATION OF
ALL FUNDAMENTAL FORCES

The times i Figure 6 result from calcolations executed with o
supercompurer nsmg the followang svstem ol cguabons:

d{li b i % I::'ij
u = —= gl %+ —== gL
T d 2n ¢

W T -/ 37

J

This 15 a system of coupled noo-lmear differential equations where
the existenee ol the Superworld is takes Gor granted, This system
describes how the pauge couplings (o, o, ee) vaey witlh “u™, the
basic parameter which depends on the enerpy ol the elemenliry
provess, [rom the maomom level of Energy (Planck Scale) s the

encrgy level of our waorld.

Figure 11.

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.
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This is now called: the EGM eftect (from the initials of Evolution of Gaugino
Masses). To compute the energy threshold using only the ‘running’ of the
gauge couplings (aq, @y, a3) corresponds to neglecting nearly three orders
of magnitude in the energy threshold for the discovery of the first particle
(the lightest) of the Superworld [33], as illustrated in Figure 10.

A different way to describe how the gauge couplings o1, ap, a3 vary
with energy is reported in Figure 12 (see p. 361). The simplest way to get
GUT (the point where all fundamental forces are together: Grand Unifica-
tion Theory) would be the straight line. But the real world does not follow
this ‘platonic’ straight line. The sequence of points (the big red points), in
steps of 100 GeV, is very difterent from the Platonic line (dotted blue points).
The way nature goes is reported by the sequence of the big red points which
are the result of the mathematics reported in Figure 11.

3. Where we are in Understanding the Logic of Nature
My scientific testimony, synthetically discussed in the previous paragraphs,

is a contribution to where we are now in understanding the Logic of Nature.
This is illustrated in Figures 13-17 and 18 (see p. 362).

THE BASIC QUANTITIES

HKeal
TI—
-{E _.[ —sf lmatginary (558

s O 'l__ "‘ Fermiens
= Bosons
e Q| T @, Originof the
Fundamental Forces
(Crzupe Prisciple:
SUT3)SU 2= T3} )

. @, Stability of Matter
{Flavours = g + 6F)
i e dii

Figure 13.
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SUPERWORLD
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Figure 14a.

THE THREE 'UNDAMENTAL FORCES

QFED = Quantum FlectroDynamics

= Telephimes, TV, Cornplaters, Sotellies, Internet . .

QFD = Quantum Flavonr Dynamics

years, Lle [or nuclear candlas,
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; oy e
= Lavwo governing; the Suboueleer Usiverse (= 1007 o), |

Gravitational Forces

= The Salar System and the Lniverse,

Figure 14b.
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THE THREE COLUMNS
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Figure 14d.
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SPACE-TIME DIMENSIONS

OUR WORLD HAS FOUR EXPANDED

Three Space Dimensions

Ome Time Dimension 7

Di =(3+ 1) =(; it)

Figure 15a.

THE SUPER SPACE HAS 43 DIMENSIONS

-."fm—?
< SperSpace

s‘-?’i”*
T 2
< DE= 32; DR = 041) —_ >

==, St - ==
v Di=(G+1)
[ = Bosonic Dimensions [ = Fermionic Dimensions
D, = Expanded Dimensions D, = Compact Dimensions

Figure 15b.
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Figure 16.
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TIHE TEA CHALLENGES OF SLUANUCLEAR PIVEICS
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Figure 17.

4. Conclusion: The Scientific Legacy of the 20*" Century

Here is the Legacy: Our father is not chaos. We are the children of a formidable,
Rigorous Logic which is valid from the smallest structures of the Subnuclear World to
the borders of the Universe.

The whole of our knowledge is proof of it, as shown in Figure 19. In fact,
if we were the children of chaos, the contents of this Figure would not exist.
If a fellow could deduce the content of Figure 19 from chaos, the Legacy
quoted above would be in trouble. This fellow does not exist.
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APPENDIX 1
Atheism is an Act of Faith about Nothing

1.1. Reason according to Atheists

For Atheistic Culture, Reason is the outcome of the Biological Evolution
of the Human Species. The Biological Evolution of the Human Species
(BEHS), however, lies below the third level of scientific credibility (see Appendix
2).This can be clearly understood by comparison with the Cosmic Evolution.

BEHS lacks rigorous mathematical formulation and is not based on re-
producible experiments at the first level. If BEHS were Science at the first
level, then a BEHS equation would exist, leading to the outcome of Reason.
And that is not all. There are innumerable forms of living matter. None of
these, however, has been able to discover Science, or rigorous Logic, or Col-
lective Memory. BEHS 1is unable to explain how it is that we are the
only form of living matter that has the great privilege of being endowed
with Reason.

1.2. Atheism is self-contradictory

Atheism is a contradictory logical construction. In fact, it denies the ex-
istence of the Transcendent.

Since the greatest conquests of Reason in the Immanent are Language,
Logic and Science, Mathematics (rigorous theoretical Logic) should be able
to demonstrate that God does not exist, and Science (rigorous experimental
Logic) should be able to discover that God does not exist.

Mathematics has not demonstrated the Theorem of the Denial of
God and Science has not discovered the scientific proof of the non-existence
of God.

If everything finds expression within the Immanent alone, how is it pos-
sible that there is no Theorem of the Denial of God, nor the scientific dis-
covery of the non-existence of God? Here is the contradictory nature of the
logical construction of Atheism.

1.3. The Transcendent solves the contradiction of Atheism

In the Logical Structure of the Believer, there exists the Transcendental
Sphere, and Reason is a gift of God.

God has given us this unique privilege that has allowed us to make the
Three Great Conquests. Logical Mathematics is not able to demonstrate the
Theorem of the Existence of God in that, if it could, God would be Math-
ematics alone. God instead is everything. The same is true for Science. If Sci-
ence were to manage to discover God, then God would have to be just
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Science. But instead, God is everything. It is the task of philosophical thought
(see Appendix 6.4) to demonstrate that God exists through the Transcen-
dental Sphere of our existence and its connections with the Immanent
Sphere of everyday life.

APPENDIX 2
A Note on the Three Levels of Science
SCIENCE
H&\—‘\\\‘
First Lewvel Recomd 1 evel Third Level
Where there are r_'l;‘;"lmre it ls m1;1_5.-.1:'hle
experiments whoss L TdeErvene i erder Lo A ong-pll eveni
results can be reproduced reproduce a result. Example:
in the lnbharatory. Example; Cogmic evaliiion
Example: Styllerr ewolrtion
[rcovery of bhe ]
Flunadamenfal Lowa

In order to be ‘scientific’, an activity needs the existence of the first level:
Le., experiments with reproducible results in a laboratory. The results must be
expressed in mathematical terms with the correspondent uncertainty quoted.

If the experiment is reproduced in another laboratory and gives results
which are in contradiction with previous knowledge it is necessary to estab-
lish which one of the experiments is wrong.

In the given activity, it must be possible to put difterent experiments in a
mathematical formalism which allows ‘predictions’ to be made (see Appendix
5.2).The best example of such an activity is the series of experiments in elec-
tricity, magnetisms and optics that after two centuries allowed Maxwell to
find four equations from which all results could be derived. The four Maxwell
equations gave rise to the most powerful understanding of the eftects gen-
erated by the electromagnetic forces which allow predictions to be made with
very high precision. This understanding is known as Quantum ElectroDy-
namics (QED).

Many activities can become ‘scientific’ if they follow the example of QED.
Otherwise, the existence of the second and third level must be continued
until the first level is discovered in the given activity.

The Scientific Legacy of the 20t Century | 111



ANTONINO ZICHICHI

When this happens to be the case all three levels must be formulated in
a rigorous way, and there should be no contradiction among them. An ex-
ample of the link between the three levels of Science: Cosmic Evolution for-
mulated in a rigorously mathematical way, and based on the discoveries of
the Fundamental Laws made at the first level.

No phenomena known in the Galilean sense (i.e., rigorously repro-
ducible) exist that cannot be explained as a consequence of first level Science.
This represents the greatest conquest of Reason in the Immanent.

This study, undertaken by Galilei just four centuries ago, leads us to con-
ceive of the existence of a reality even more exciting than the one we are
used to — a reality of extraordinary symmetry which has been called Super-
world (see Appendix 3.4).

APPENDIX 3
Language (Permanent Collective Memory), Rigorous Logic and Science
(From the Stones to the Superworld)

3.1. The greatest conquests of Reason are Language (with Permanent Col-
lective Memory) Logic and Science

If Language were sufficient to discover Science, it would have been dis-
covered at the dawn of civilisation. If rigorous Logic were sufficient to dis-
cover Science, it would have been discovered by the Greeks.

To discover Science, it is not sufficient to think and reflect (Language), or
to resort to rigorous reasoning (Mathematical Logic). To discover Science
(Logic of Nature), there is one single route: to be able to find rigorously for-
mulated questions. This requires an act of humility: the recognition that the
Author of the Logic of Nature is more intelligent than any of us — philoso-
phers, thinkers, mathematicians, logisticians, scientists. It is necessary to sur-
render before the intellectual Majesty of He who made the world.

It was Galilei who understood this. It was he who said that the footprints
of the Creator were to be found in the stones (just as in the Stars). Galilei
brought the Logic of the Stars into common matter (stones, string, wood),
through an act of Faith on the existence of a fundamental Logic which gov-
erns the real world (see Appendix 5.1).

In pre-Galilean thinking, for Atheists and believers alike, matter could not be a
depository of fundamental truth. The Fathers of the Church were the first to say
that Nature is a Book written by God. Galilei had the privilege of under-
standing that the characters of that Book had to be mathematical, and that it
was not enough to reflect on the heavens and Stars.
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All previous cultures attributed to the heavens properties that lay above
those of the stones. Galilei brought the Logic of Nature into stones and com-
mon matter, saying that our intellect has a power below that of the Author
of the Logic of Nature. And thus it is necessary to bow before His intellectual
Majesty and ask humbly how He has made the world. In other words, what
rigorous Logic — of all possible logics — did He follow to make the world as
it appears to our eyes and our intellect. The significance of a rigorous and
reproducible experiment is precisely what Galilei intended and experienced:
to humbly ask a question to the Author of the Logic.

3.2. Ten thousand years compared with four centuries

This is how, in just four centuries, we have managed to decipher a good
part of the Logic of Nature. And we have managed to understand just how
right was Galilei’s humility. In fact, from the dawn of civilisation right up to
Galilei — in other words, for a good ten thousand years — all that man thought
he had discovered about how the world was made, without ever carrying
out an experiment, turned out to be wrong. Still today, Galilean teaching
rules the logic of all the scientific laboratories in which the Fundamental
Laws of Nature are studied.

Here is a last example of enormous interest today. No one can tell us whether
the Superworld exists or not. And yet this theoretical reality is based on rigorous
mathematical foundations. It is on these foundations that we believe we have
understood so many properties of the world in which we live. But even so, the
Galilean proof to be certain of the existence of the Superworld is lacking.

Logical rigour is not sufficient; we need Galilean proof. To know more
about the Logic of Nature it is necessary to be able to formulate the right
questions to the Author of the Logic who made the world. This is how, in
just four centuries, we have reached the threshold of the Superworld.

3.3. From Galilei to the Superworld via Fundamental and Universal Laws

Galilei studied stones in order to discover the Logic of Nature. He could
have discovered chaos instead. Had Galilei not existed, we would know nothing
about the existence of the Fundamental Laws of Nature. So two questions arise:
e what did Galilei know about the fact that the Fundamental Laws of Na-

ture had to exist?

« and on what foundations was he able to conceive that these Laws had to
be Universal and Immutable?

Imagining the existence of Universal and Immutable Fundamental Laws does

not involve acts of Reason and nothing else, but of Faith in the existence of

a Logic of Nature which governs the world in all its structures.
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Were it not for Galilean Science, we would not be able to say that Fun-
damental Laws of Nature, Universal and Immutable, exist; nor that these Laws
lead to the unification of all the phenomena studied in the visible Universe,
which appears to us with just four dimensions.

The Grand Unification brings with it the need for a Superworld, a sci-
entific reality with forty-three dimensions: eleven of the ‘boson’ type and
thirty-two of a ‘fermion’ nature.

3.4. Why we need the Superworld

Here are the problems that make the Superworld a necessity.

1) The two energy scales must be kept separate: 10'” GeV (Planck) and 102
GeV (Fermi).

2) The gravitational attraction of light must be prevented from being infinite.
Otherwise we would see neither the light of the Stars nor the light of
our Sun.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 The-
ories but Superstring Theories. These theories must be supersymmetric:
the Supersymmetry Law (F =B) must be valid. Otherwise ‘tachions’
would appear.

4) Aiming at the Unification of all fundamental phenomena — the synthesis of
which is provided by three ‘gauge couplings’, &y ay a3, running with the
energy — the Supersymmetry Law (F =B) must necessarily be introduced.

5) 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 eftect, this energy level is 700 times more accessible
than thought so far.

6) An interesting detail: the theoretical model called no Scale-Supergravity
is the Infrared solution of Superstring Theory. This model might allow us
to understand the extremely small value of the Cosmological Constant.

7) Finally: why Three Columns and Three Forces? The answer to this ques-
tion should come from the 43-dimensions of the Superspace.

3.5. Where the ashes of the Superworld could be

The ashes of the Superworld (the so-called neutralinos) could explain the
compactness of our Galaxy.
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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 emit light.

3.6. Our World and the Planck World

It is interesting to compare the density of our body and the density of
the Planck Universe. The scales of length, mass and time of the world we are
familiar with, and the scales of the Planck world are shown in Figure 21.
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APPENDIX 4
The Values of Science and Faith are Closely Linked

We will now see that Science is a source of values, and that these values
are in perfect harmony with the values of Faith, not in antithesis. Below is a
short summary of the values that Science has in common with Faith. The
description of each value follows.
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1 REVOLUTION

2  RAcIsM

3 UNIVERSALITY

4  ELEVATION OF THE INDIVIDUAL
5 INTELLECTUAL STIMULUS

6 HuUMILITY

7 TRUTH

8  REFLECTION ON FACTS

9  GOODNESS AND TOLERANCE
10 FIGHT AGAINST PRECONCEPTIONS
11 GENEROSITY

12 FREEDOM OF THOUGHT

4.1. Revolution

Let’s begin with the concept of revolution. When a scientific discovery is
made, the dominant Culture loves to point out that a real revolution has
taken place.

Scientific revolutions have never produced deaths or injuries. The concept
of ‘revolution’ derives from the discovery that it was the Earth and the other
satellites of the Sun that move, going around in their orbits. It was the ‘rev-
olution of the orbits’ that gave life to Galilean Science.The term ‘revolution’
intended to emphasise the impact of the ‘revolution of the orbits’ of the plan-
ets on the history of the world. With the passage of time, cultural mystifica-
tion went to work to change the scientific term ‘revolution of the orbits’
into the meaning of ‘socio-political revolution’, like the October Revolution
that led to the first example of a Republic with Atheism as State religion,
causing many millions of victims.

Instead, following a scientific revolution, everyone is richer than before. It
would be more correct to speak of construction, rather than revolution. In Sci-
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ence, there is never denial of the past: it is improved on, taken on board and
built on. It is as if, when climbing an immense mountain, what we took to be
the summit opens up a panorama never before observed — and, as if this were
not enough, with it comes the discovery that there is another, even higher, peak.

The term scientific revolution does not in any way justify social revolution.
But this is what the dominant Atheistic Culture indeed did, in order to per-
suade that, after all, scientific rigour had necessarily to go down the road of
revolution, understood in the commonly accepted sense of revolt, with atten-
dant massacres and horrors of every type.

4.2. Racism

A scientist cannot say: ‘I am unable to believe in this new scientific dis-
covery because it was made by a man whose skin is a different colour from
mine’. Science is an intellectual activity that rejects racism outright.

4.3. Universality

Man has always been in search of universal values. Science shows that Uni-
versal Laws exist. The Weak Forces that produce measurable phenomena in our
laboratories are the same as those that make the Sun work. The light produced
by a match is analogous to that produced by the Stars. Gravitational Force, which
makes a stone fall downwards and holds us to the Earth is the same Force that
oversees the formation of our Solar System and of the Galaxies.

4.4. Elevation of the individual

Science exalts the individual and his work. The value of a scientist is not
established by the power of an army tank, but by his intellect and research
efforts.

And here the entire sum of contributions must be recognised. Albert Ein-
stein is inconceivable without Max Planck, James Maxwell, Isaac Newton
and Galileo Galilei. All scientists, giants of Science: all believers.

4.5. Intellectual stimulus

Science spurs man on to reach out for further conquests. There is no rest
in our endeavour to extend and improve our knowledge. Instead, an ideology
is put forward as if it were the final goal of an intellectual conquest. And this
holds man back, century after century, on frontiers created from abstract spec-
ulations, which in no time at all become dogma.

Science accepts the dogma of the Transcendent. But it rejects the dogma
of the Immanent.
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4.6. Humility

The scientist in his daily work faces problems he is unable to resolve.
Galilei took more than a decade to understand friction and thereby arrive at
the formulation of the first law of motion. Einstein devoted eleven years,
from 1905 to 1916, to get to the bottom of the significance of Galilei’s ex-
periments on the fall of material bodies. Eleven years to succeed in writing
one equation. Science is made up of unresolved problems. Something hap-
pens, and we move on to the next thing. And there our difficulties begin
again. Einstein worked for the last thirty years of his life in the attempt to
unify all the Forces of Nature. It was his great, unfinished opus. How can a
man who is unable to reply to a question be arrogant? Science, as we have
said before, is made up of unresolved questions. This is why it is based on a
pillar of intellectual humility. Arrogance is born of ignorance.

4.7. Truth

Should a scientist tell a lie, he would be excluded from the scientific con-
text. For Science, something that is true has to be reproducible. The scientist,
when he comes to understand something or make a discovery, has to explain
in full detail how he has arrived at that result. Whoever, no matter the colour
of his skin, has to be able to reproduce that scientific truth wherever, and at
any given moment. Mystification and falsehood lie outside scientific activity.

4.8. Reflection on facts

Science teaches us to reflect, not to rush to conclusions without checking
every consequence of a discovery in the known sectors of the fundamental
structures of Creation. Science trains us for objective, not emotive, judge-
ment. It relies on facts, experimental proof that is reproducible, the baptism
of Galilean scientific legitimacy. It does not rely on words and abstract for-
mulae. Nor does it make sense to say that a theory is mathematically beautiful
or ugly. It can be only true or false, although it also happens, almost always,
that when a piece of research reaches its conclusion, when everything has fi-
nally been understood in a specific field, then the mathematical formulation
turns out to be more elegant than anticipated.

4.9. Goodness and tolerance

Science teaches intellectual goodness and tolerance. Extremes have to be
understood, not defeated. Things that appear to be poles apart can both turn
out to be necessary for a description of the fundamental phenomena of Na-
ture. Just one example should suffice: the wave and particle property. Light,
for a long time, was considered to be a particle phenomenon. Then wave-
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like. And the two descriptions seemed to be mutually exclusive. Instead, light
is at one and the same time both wave and particle. Many centuries have
been necessary to come to this understanding. The wave-particle duality is
valid not only for light, but for all particles. This duality is one of the most
significant conquests in the history of scientific thought.

4.10. Fight against preconceptions

Science fights an unceasing battle against preconceptions: even if centuries
are needed to dismantle them.The great difference between Classical Physics
and Modern Physics lies in the fact that a tiny quantity (the so-called Planck’s
Constant) was considered to be exactly zero. Another enormous quantity (the
speed of light) was considered infinite. Three hundred years to break down
two preconceptions.

4.11. Generosity

Science also has important facets of generosity. Explaining to others the
results of a discovery is something that enriches both scientist and listener.
Science teaches that there exists an absolutely perfect form of generosity and
love for our neighbour. He who gives up a piece of bread does a good deed,
but clearly suffers if he has little bread. He who gives away what he knows,
loses nothing, even if he ends up giving away everything he has.

4.12. Freedom of thought

Freedom of thought is of vital importance for Science. This includes re-
spect for that form of living matter known as man, and therefore respect for
his dignity. Of all the forms of living matter, we in fact are the only one
which has been granted the privilege of understanding the Logic He fol-
lowed in creating the reality in which we live and of which we are made.
This unique privilege is the source of the highest dignity to which one can
aspire: that of being made in the image and likeness of the Creator of all
things visible and invisible. To read the Book of Nature, written by the Cre-
ator, one needs to be free of any prejudice, the only guide being the replies
given by He who has made the world when we put forward a question. The
intellectual freedom to put a question to He who has made the world has to
be absolute.
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APPENDIX 5
Chaos or Logic?

5.1. Ifthere is Chaos there are no Fundamental Laws. If there is a Logic there
must be the Author

Science aims at understanding what God has written, using the rigour of
Mathematics. Galilei said and thought that the Fundamental Laws of Nature
are in fact expressed as precise mathematical equations. The father of Science
did not know that his studies of oscillating pendulums or stones rolling down
an inclined plane would have allowed him to deduce rigorous laws. Chaos,
randomness, whim might just as possibly have appeared instead: one day like
this, a year later quite different. One law for Pisa, another for the Moon.

Galilei instead was thinking in terms of fundamental and universal laws,
expressible in rigorously mathematical form. Together, these laws were to
represent, and de facto do represent, the Logic of Nature.

‘In that stone there is the hand of the Lord. By studying common objects T will
discover the Laws of He who has made the world’. This was the Faith that
inspired Galilei to challenge the dominant Culture of his time. He simply wanted
to read the Book of Nature, written by the Creator in mathematical characters.

The Book of Nature reveals to us how the world has been made: the
work of Creation. This opus could have been written in no other way but
rigorously, in mathematical characters. It is the scientist, in the first person,
who has to strive in order for everyone to know how to read that astonishing
and fascinating Book.

In it is written how the world is made. Since it is dealing with a construc-
tion, its language has to be rigorous. Knowing how to read it means making
available for the benefit of man the laws that rule the Cosmos, in communion,
not in antithesis, with the word of God, that is, the Bible. The Bible is written
in a simple way, so that everyone can understand it;its purpose is not to explain
how the Immanent part of our existence is made. Instead, it has the goal of
tracing out for man the path that leads to the Lord. Science gives us the cer-
tainty of not being the children of Chaos, but of a rigorous Logic. Who is the
Author of this Logic? Atheism replies: no one. This is why Science, born in
the Immanent, brings man towards the Transcendent, because it is absurd that
such Rigorous Logic does not have an Author.

5.2. If there is Chaos there are no predictions

Let us see how predictions at the fundamental level of scientific knowl-
edge can exist. The experimental evidences for the existence of predictions
are the very many results of scientifically reproducible experiments.
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For example the measurement of the anomalous magnetic moment, in
symbols (g—2), of the electron (e):

(&2).

which is theoretically computed at an extraordinary level of precision (few
parts in ten billion parts) and is experimentally verified to be correct.

Could the
(&2).

be predicted before the discovery of the Maxwell equations and the existence
of Quantum ElectroDynamics (QED)?

Predictions at the fundamental level of scientific knowledge depend on
UEEC events (discussed in the next Chapter 5.3).

For example: it is the discovery of the laws governing electric, magnetic
and optical phenomena (all totally unpredicted) which produced the math-
ematical structure called QED.

Mathematical structure was not invented before the innumerable series
of UEEC events in electricity, magnetism and optics which allowed Maxwell
to express 200 years of experimental discoveries in a set of 4 equations.

Mathematical formalism comes after a totally unexpected discovery: an
UEEC event which no one was able to predict.

In the whole of our knowledge predictions exist only in Science.

These predictions are the analytic continuation of what is already known.
The greatest steps in the progress of Science came and will come from totally
unpredicted discoveries.

This is the reason why we need to perform experiments, as Galileo Galilei
realized, 400 years ago.

Today we have all mathematics needed to describe the Superworld, but
in order to know if the Superworld exists we need the experimentally re-
producible proof of its existence (as discussed in Appendix 3).

5.3. If there is Chaos there are no UEEC events. UEEC are the proof that the
Author of the Logic is smarter than us all, no one excluded

5.3.1. Unexpected Discoveries in Physics

Let me show a synthesis of achievements in Physics from Galilei to the
first half of the 20 Century (Figures 1 and 2, pp. 94-95).

I have included the invention of electronic computers by Von Neumann
(XXIX), which no one could have imagined at the beginning of the 20™
Century. Point no. XXX refers to the impressive list of Fermi discoveries:
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once again, all totally unexpected. The UEECs of the second half of the 20™
Century (Figure 3, p. 96) are grouped into 3 classes:
* one is the ‘Subnuclear World’
* the second is the ‘Standard Model and Beyond’
* the third is the ‘Superworld’.
The existence of the Subnuclear World and the Standard Model are strictly
correlated. The third is the frontier of our knowledge which exists as a fas-
cinating mathematical structure, but lacks Galilean experimental proof (as
discussed in Appendix 3).

The greatest synthesis of all times in the study of fundamental phenomena
(Figures 13 and 14, pp. 103-105) has been reached through a series of totally
unexpected discoveries reported in Figures 16 (p. 107) and 22 (p. 363).

5.3.2. The Standard Model and Beyond

The superb synthesis called the ‘Standard Model’ is a part of a more gen-
eral structure, where many problems are open. We call this structure “The
Standard Model and Beyond’, ‘SM&B’ (Figure 16, p. 107).

This Structure brings to the unification of all Fundamental Forces of Na-
ture, 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 puving the way to quantizing gravity.

5.3.3. Conclusions about UEEC from Galilei to Subnuclear Physics and other
fields

In the field of Subnuclear Physics, totally unexpected discoveries date
back to the beginning of Galilean Science.

Question. What about other fields? One which is very intensive in number
of discoveries is the field of condensed matter.

Let me quote Tony Leggett (University of Illinois, Urbana - Champaign,
USA), Nobel Prize 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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APPENDIX 6
If Our Culture were Modern, the Cultural Mistifications which are in the
‘Present Convictions of a Modern Culture’ would not Exist

6.1. If we were to live in the Era of Science everybody would know that Sci-
ence and Faith share the same values

If we lived 1n the era of Science, the values of Science would form an in-
tegral part of the so-called Modern Culture. In fact, they are truths that ren-
der Science an intellectual activity that is in perfect communion with
religious thought. We are dealing with two essential components that make
up our existence: one that operates within the Immanent, Science; the other
that operates within the Transcendent, Faith.

And this is the conclusion one comes to. Science, by studying the Imma-
nent in the most rigorous way that human intellect has ever been able to
conceive, discovers a series of truths, whose values (see Appendix 4) are in
perfect harmony with those that the same form of living matter, called man,
learns from Revealed Truth.

Four centuries after the time of Galilei, that which the father of Science was
able to see with a pure act of Faith and Love towards Creation becomes visible
in dazzling clarity: Nature and the Bible are both works by the same Author.

The Bible — said Galilei — is the word of God. Nature instead is His writ-
ing. If we lived in the era of Science, these truths would be the cultural her-
itage of everyone.

6.2. A few examples of cultural mystifications in ‘Scientific’ popularisation

Scientific Culture has the duty to correct the cultural mystifications of
the popularisation of science, mystifications that might at first sight seem
mistakes committed in good faith. But the fact that they are all bound to a
common cultural substrate confirms that they are not. In fact, the mystifica-
tion that Faith and Science are in antithesis is not the only instance where
falsehood is elevated to truth by popularisation of science. There are many
more. Here are a few examples.

Popularisation of science has:

+ confused Science with Technology.

« never explained that the three great conquests of Reason are: Lan-
guage, Logic and Science (Appendix 3).

« always kept silent regarding the Galilean distinction of the three levels
of scientific credibility (Appendix 2).

« attributed to Science the responsibilities of the Planetary Emergencies;
responsibilities that belong instead to political violence (planet packed
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with chemical, bacteriological and nuclear bombs) and economic vi-
olence (irresponsible industrialisation and related effects).

o clected itself spokesman of ideas (for example: scientific materialism)

that are in total contradiction with the conquests of scientific thought.

« endorsed as frontiers of true and great Science research activities that

still lie below the third level of scientific credibility (for example:
BEHS, biological evolution of the human species).

Our epoch will go down in History as that in which cultural mystification
has raged: falsehood becomes truth. The main author of this mystification
has been the dominant Atheistic Culture.

In this way, Science and Technology have been deliberately confused. And
the blame continues to be laid at the feet of Science, a blame that instead
belongs to political violence.Violence which, in the 20* Century, had ex-
amples of terrifying power in Hitler and Stalin; they both exploited the use
of Science (Technology) for political ends, not for progress or civilisation.

6.3. If everything is Science, nothing is Science. It is necessary to distin-
guish Science from the other conquests of Reason. There is only one
Science

‘Scientific Culture’is the only form of defence against cultural pollution,
maintained Dirac, Kapitza and Fermi. If everything is Science then nothing
is Science. And it is impossible to explain that scientific Marxism is the exact
opposite of Science. It is thus necessary to distinguish Science from the other
conquests of Reason — i.e., from Mathematical Logic and Language.

The umbrella of Language covers Poetry, Art, Philosophy and all intel-
lectual activities that are not concerned with reading the Book of Nature in
order to decipher the Logic followed by He who has made the world. Using
Language, in all its forms, everything can be said and its contrary. Language
— as Borges says — has the supreme aspiration of ‘magnificent’ structures such
as a Poem can have, leaving aside Logic and Science, which is the Logic of
the Nature.

Scientific knowledge is engaged full time in studying — in a Galilean re-
producible way — this Logic. The key to distinguishing this activity from
all others lies in intellectual humility, without which scientific knowledge
would never have been born nor able to grow. This intellectual humility,
which is vital for scientific knowledge, is not always present — in fact, often
quite the reverse — in intellectual activities that contribute to the growth of
non-scientific knowledge. This is why there is only one Science, while there
are many forms of Art, Literature and Philosophy and other intellectual ac-
tivities, often in contradiction one with another.
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6.4. Humanistic Culture is not in contrast with Scientific Culture. The role of
philosophical thought

This has been the case in the past and will continue to be so in the future.
Even so, it is philosophical thought that produces fundamental contributions
in the study of the Transcendental Sphere of our existence.

The contradiction intrinsic in Language’s very structure is surmounted
when Philosophy comes into play: its roots allow an understanding of how
and why this contradiction does not have to extend beyond the conquests
of Language.

In other words, the fact that there are various forms of Poetry, Art, Music
cannot be taken as a basis on which to build a Humanistic Culture in contrast
with Scientific Culture. The contradiction lies in the Creativity of Language itself,
from which arise various expressions of our way of hearing and seeing the
world. It is right that it is so. It is required by Language’s very structure. It is
here that the links with the Transcendental Sphere of our existence come into
being, links that extend to Logic and Science through the creative processes of
these great conquests of Reason in the Immanent. Creativity in Language finds
its maximum structure in philosophical thought, without which it would not
be possible to reflect on the Transcendental Sphere of our life. It is at this fron-
tier that Philosophy expresses the highest creative power.

Creativity in Science has to coincide with the Logic chosen by He who
has made the world to create the reality we are made of and in which we
live. We scientists are not able to invent the existence of the Third Lepton
(see Chapter 2). We can imagine its existence on the basis of experimental
results, which can suggest new avenues for us to follow.

But whether the third lepton exists is known to the Creator, before any
scientist in the world. It is He who has decided to include this ‘third column’
in the structure of Creation. We have been granted the privilege of discov-
ering that it does indeed exist. The same is true for the existence of Anti-
matter and all other discoveries in which I have been directly involved, as
reported in Chapter 2.

6.5. Creativity in Mathematics

With Mathematical Logic, the significance of Creativity is difterent. It is
a legitimate act of the intellect to invent a new mathematical structure: with
its rules and theorems. This structure does not necessarily have its correspon-
dence in the Logic of Creation.

In order for this mathematical-logical structure to exist, the only condi-
tion is the principle of non-contradiction. But the principle of non-contra-
diction arises in philosophical thought, an integral part of Language. Logic
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formulates this principle rigorously, and uses it to underpin any of its struc-
tures. A structure — completely invented by the intellect — must not lead to
a theorem and the negation of the theorem itself.

Having said this, the problem of the role of Mathematics in the Logic of
the Creation remains open: this topic has impassioned the very best mathe-
maticians of all time.There is no doubt that a formidable logical-mathemat-
ical structure can exist (and therefore be non-contradictory), without there
being any correspondence with the reality of the world in which we live
and of which we are made.

This in no way diminishes the fascination of the Creativity in the two
conquests of Reason (Language and Logic), which, since they are distinct
from Science, do not fall under Galilean-type experimental confirmation.

However, it is of fundamental importance to distinguish Science from the
other two conquests of the Reason of the Immanent, in that, if everything
is Science, then nothing is Science, with all the devastating cultural conse-
quences, some of which are referred to in this Section.

6.6. Cultural pollution

Kapitza said: ‘Cultural pollution is the most difficult Planetary Emergency
to overcome’. Here is an example. In the USSR, very few knew of the eco-
logical disasters caused by the triumphs of the ‘five-year plans’ made known
everywhere through propaganda campaigns, even in the western world, where
they were taken as models of unprecedented development. In Italy, Communist
Party members made great reference to them. No one, however, spoke of the
ecological disasters of Semipalatinsk (100 times worse than Chernobyl), the Aral
Sea (50% of its waters destroyed), the City of Sulphur (an area as large as half of
Piedmont, contaminated to the point where the population had to go around
wearing gas masks). These were the times of the cold war and no one dared to
hope for the collapse of the USSR. But even so, the hero of Science, Pétr
Kapitza, considered it necessary to start immediately to fight cultural pollution
in countries that were free; in those dominated by the USSR it was unthink-
able. Dirac said: ‘It is easy to declare ourselves as free men where there is democ-
racy and freedom.Try to do this where political violence rages. Kapitza suffered
the consequences during years and years of his life’.

Cultural pollution has its roots in political and economic violence, which,
by dominating the media (TV, radio, press and other channels), has enabled
so many flagrant cultural mystifications to become ‘truth’.

A terribly eftective weapon of cultural pollution is pseudo-scientific con-
fusion, an essential component of popularisation. To cite meaningless data as if
they were Galilean proofs of scientific truth; to introduce apparently valid ar-
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guments with bibliographic references that add nothing to the inexistent proof
of the point in question: this is the technique of cultural pollution that destroys
valuable energies from the struggle for the triumph of Scientific Culture.

6.7. An example of cultural confusion: Science, Art and Mysticism

According to a number of scholars, the pillars supporting our existence
are: ‘Science’ (rational approach), ‘Art’ (aesthetic approach) and ‘Mysticism’
(religious approach).These theories have nothing new to say about the con-
quests of Reason. Rather, they go backwards in time because they ignore
Galilean teaching. In fact, they confuse the Transcendental Sphere of our ex-
istence (to which Mysticism belongs) with the Immanent Sphere (to which
Science belongs). Furthermore, they include in the so-called ‘rational ap-
proach’both Science and Mathematics, confusing Science with Logic. Galilei
teaches that, to discover Science, the rigour of Mathematical Logic (thus, the
rational approach) is not sufficient.

If it were so, the Logic of Creation would have been discovered by the
Greeks, two thousand years before Galilei. If mathematical rigour sufficed,
we could say that the Superworld exists. The Galilean thesis is based on ‘Lan-
guage’, ‘Logic’ and ‘Science’ and it could not be more rigorous in distin-
guishing the three conquests of Reason. Art in fact belongs to Language.

APPENDIX 7
A Great Alliance is Needed Between Science and Faith

In the 1980s this alliance strove to make a real contribution to overcoming
the risk of a Nuclear Holocaust. Then, with the fall of the Berlin Wall came the
need to avoid the danger of an Environmental Holocaust created by the political
and economic violence that triggered the undeclared War between the planet’s
North (the rich) and South (the poor). Once again, Scientific Culture in com-
munion with Faith acted to avoid the latent danger of an Environmental Holo-
caust, by implementing pilot projects related to the Planetary Emergencies,
thanks to volunteer work carried out by its scientific community.

We have discussed how the dominant Atheistic Culture, using as its
weapon the public dissemination of what is passed oft as Science, has instead
wanted everyone to believe that Science and Faith are enemies. It has always
confused Science with Technology, has never explained that the three tow-
ering conquests of Reason are: Language, Logic and Science, never men-
tioned the Galilean distinction between the three levels of scientific
credibility, and has laid at Science’s feet the responsibility for the Planetary

128 | The Scientific Legacy of the 20t Century



MY PERSONAL EXPERIENCE ON THE SCIENTIFIC LEGACY OF THE 20t CENTURY

Emergencies — responsibility that instead belongs to political violence (planet
packed with chemical, bacteriological and nuclear bombs) and economic in-
temperance (unaccountable industrialisation). Atheistic Culture too has acted
as a spokesperson of ideas, such as scientific materialism, that are in utter con-
tradiction with the conquests of scientific thought, and has endorsed as fron-
tiers of real and true Science, research activities that still lie below the third
level of scientific credibility (for example: biological evolution of the human
species: BEHS).

Had Atheistic Culture itself discovered Science, then the Great Alliance
could never have been conceived.This Alliance represents the cultural guide
for the third millennium. The birth of a Scientific Culture in communion,
not in antithesis, with Faith has enabled the danger of a Nuclear Holocaust
to be overthrown (Erice Statement), and allowed the creation of scientific
and technological foundations from which to confront issues of the Envi-
ronmental Holocaust (pilot projects for the Planetary Emergencies).

As said before, the 20" Century will take its place in History for having seen
the fall of the Berlin Wall and the start of an undeclared War between North
(the rich) and South (the poor).The third millennium needs the Great Alliance
between the two most important conquests of Reason, which are Science, in
the Immanent of our existence, and the God-given gift connected with Reason
in the Transcendent of our being, Faith.We would do well to recall that St. Paul
and all our theological tradition define Faith as a gift from God. A gift linked
to Reason, as described by St. Thomas Aquinas: ‘Naturalis ratio per creaturas in
Dei cognitionem ascendit, fidei vero cognitio a Deo in nos e converso divina
revelatione descendit’® (ScG IV 1,3349).While emphasising the rational aspect
of Faith, the entire Christian biblical tradition attributes it to the inner touch
by the Spirit of God (instinctus Dei invitantis: St. Thomas Aquinas) that awakens
the dynamism of free will. Faith is thus considered by Christian theology as a
gift from God within man’s Reason, which under the impulse of this same free
will, and aided by the Holy Spirit, accepts the gift.

We are the only form of living matter that has been granted the privilege
of the gift of Reason and free will. Let us seek to use it well. The third mil-
lennium must open up man’s heart to hope through a Scientific Culture in
synergy with Faith, not in antithesis. This is why — Benedict XVI teaches —
Science must do everything in its power to ensure the triumph of the values
of Galilean Scientific Culture.

® “Natural reason ascends to a knowledge of God through creatures and, conversely,
the knowledge of faith descends from God to us by divine revelation’.

The Scientific Legacy of the 20" Century | 129



ANTONINO ZICHICHI

References

1.

‘Scientific Culture and the Ten State-
ments of John Paul II’, A. Zichichi, Ple-
nary Session on The Cultural Values of
Science, 8-11 November 2002, Vatican
City, The Pontifical Academy of Sci-
ences — in Proceedings of the Plenary
Sessions, Scripta Varia 105, pp. 288-313,
PAS, Vatican City (2003).

‘Rigorous Logic in the Theory of Evo-
lution’, A. Zichichi, Plenary Session on
Scientific Insights into the Evolution of the
Universe and of Life, 31 October-4 No-
vember 2008, Vatican City, The Pontifical
Academy of Sciences — in Proceedings
of the Plenary Sessions, Acta 20, pages
101-178, Vatican City (2009); see also
‘Elements of Scientific Rigour in the
Theory of Evolution’, A. Zichichi, Ad-
dendum in Plenary Session on The Cul-
tural Values of Science, 8-11 November
2002, Vatican City, The Pontifical Acad-
emy of Sciences — in Proceedings of
the Plenary Sessions, Scripta Varia 105,
pp- 314-330, PAS, Vatican City (2003).
“Totally Unexpected Discoveries: A Per-
sonal Experience’, A. Zichichi, Plenary
Session on Paths of Discovery, 5-8 No-
vember 2004, Vatican City, The Pontifical
Academy of Sciences — in Proceedings
of the Plenary Sessions, Acta 18, pp.
130-153, PAS, Vatican City (2006).
‘From the Yukawa Particle to the
QGCW’, A. Zichichi, in Proceedings
of the Symposium for the Centennial Cel-
ebration of Hideki Yitkawa, 23 Interna-
tional Nuclear Physics Conference,
Tokyo, Japan, June 3-8, (2007), Nuclear
Physics A, Vol. 805, Issues 1-4 (eds S.
Nagamiya, T. Motobayashi, M. Oka, R.S.
Hayano and T. Nagae), pp. 36-53 (2008);
and “Yukawa’s Gold Mine’, A. Zichichi,
AAPPS Bulletin, Vol. 18, n. 3 (ISSN
0218-2203), pp. 50-54, June (2008); see
also: CERN Courier,Vol. 47, n. 7, pp.
43-46, September (2007).

130 | The Scientific Legacy of the 20t Century

10.

11.

12.

13.
14.
15.

16.

‘Interaction of Elementary Particles’, H.
Yukawa, Part I, Proc. Physico-Math. Soc.
Japan 17,48 (1935);°'Models and Meth-
ods in the Meson Theory’, H. Yukawa,
Reviews of Modern Physics 21,474 (1949).
The QGCW Project, A. Zichichi et al.,
CERN-LAA Preprint, October 2006;
see also Logical Reasoning in Experi-
mental Physics: Past and Future’, A.
Zichichi, in Gerardus ‘t Hooft Liber Ami-
comum to celebrate his 60th anniversary (2000).
P.A.M. Dirac, “The Quantum Theory
of the Electron’, Proc. Roy. Soc. (London)
A117,610 (1928);‘The Quantum The-
ory of the Electron, Part II’, Proc. Roy.
Soc. (London) A118,351 (1928).
“The Positive Electron’, C.D. Anderson,
Phys. Rev. 43,491 (1933);‘Some Photo-
graphs of the Tracks of Penetrating Ra-
diation’, PM.S. Blackett and G.P.S. Oc-
chialini, Proc. Roy. Soc. A139,699 (1933).
H. Weyl, Gruppentheorie und Quanten-
mechanik, 2nd ed., 234 (1931).

E.P. Wigner, ‘Unitary Representations
of the Inhomogeneous Lorentz Group’,
Ann. Math., 40,149 (1939).
G.C.Wick, E.PWigner, and A.S.Wight-
man, ‘Intrinsic Parity of Elementary
Particles’, Phys. Rev. 88,101 (1952).
E.PWigner, Uber die Operation der Zei-
tumkehr in der Quanten-mechanik’, Gtt.
Nach. 546-559 (1931). Here for the first
time an anti-unitary symmetry appears.
E.PWigner, Ann. Math. 40,149 (1939).
J. Schwinger, Phys. Rev. 82,914 (1951).
J.S. Bell,“Time Reversal in Field The-
ory’, Proc. Roy. Soc. (London) A231,
479-495 (1955).

To the best of my knowledge, the CPT
theorem was first proved by W. Pauli in
his article ‘Exclusion Principle, Lorentz
Group and Reflection of Space-Time
and Charge’, in Niels Bohr and the De-
velopment of Physics [Pergamon Press,
London, p. 30 (1955)], which in turn is



MY PERSONAL EXPERIENCE ON THE SCIENTIFIC LEGACY OF THE 20t CENTURY

17.

18.

19.

20.

21.

22

an extension of the work of J. Schwinger
[Phys. Rev. 82,914 (1951); The Theory
of Quantized Fields. I, Phys. Rev. 91,
713 (1953); The Theory of Quantized
Fields. IT1., Phys. Rev. 91, 728 (1953);
“The Theory of Quantized Fields. V1", Phys.
Rev. 94,1362 (1954)] and G. Liiders,
‘On the Equivalence of Invariance under
Time Reversal and under Particle-An-
ti-particle Conjugation for Relativistic
Field Theories’ [Dansk. Mat. Fys. Medd.
28,5 (1954)], which referred to an un-
published remark by B. Zumino. The
final contribution to the CPT theorem
was given by R Jost, in ‘Eine Bemerkung
zum CPT Theorem’ [Helv. Phys. Acta 30,
409 (1957)], who showed that a weaker
condition, called ‘weak local commu-
tativity’ was sufficient for the validity of
the CPT theorem.

‘Observation of Antiprotons’, O. Cham-
berlain, E. Segre, C.-Wiegand, and T. Y p-
silantis, Physical Review 100,947 (1955).
‘Anti-Neutrons Produced from Anti-Pro-
tons in Charge Exchange Collisions’, B.
Cork, G.R.Lambertson, O. Piccioni, WA.
Wenzel, Physical Review 104,1193 (1957).
‘Observation of Long-Lived Neutral V
Particles’, K. Lande, E. T. Booth, J. Impe-
duglia, L.M. Lederman, and W. Chinows-
ki, Physical Review 103, 1901 (1956).
‘Remarks on Possible Noninvariance
under Time Reversal and Charge Con-
jugation’, T.D. Lee, R. Ochme, and C.N.
Yang, Physical Review 106,340 (1957).
‘Question of Parity Conservation in
Weak Interactions’, T.D. Lee and C.N.
Yang, Phys. Rev. 104, 254 (1956).
‘Experimental Test of Parity Conserva-
tion in Beta Decay’, C.S.Wu, E. Ambler,
R.W. Hayward, D.D. Hoppes, Phys. Rev.
105, 1413 (1957); ‘Observation of the
Failure of Conservation of Parity and
Charge Conjugation in Meson Decays:
The Magnetic Moment of the Free
Muon’, R. Garwin, L. Lederman, and
M. Weinrich, Phys. Rev. 105, 1415 (1957);

23.

24.

25.

26.

27.

‘Nuclear Emulsion Evidence for Parity
Non-Conservation in the Decay Chain
e, J.J. Friedman and V.L. Telegdi,
Phys. Rev. 105,1681 (1957).

‘On the Conservation Laws for Weak
Interactions’, L.D. Landau, Zh. éksp.
Teor. Fiz. 32,405 (1957).

‘Evidence for the 21 Decay of the KY
Meson’, J. Christenson, J.W. Cronin,
V.L. Fitch, and R.Turlay, Physical Review
Letters 113,138 (1964).
‘Experimental Observation of Anti-
deuteron Production’, T. Massam, Th.
Muller, B. Righini, M. Schneegans, and
A. Zichichi, Nuovo Cimento 39,10 (1965).
The Discovery of Nuclear Antimatter, L.
Maiani and R.A. Ricci (eds), Confer-
ence Proceedings 53, Italian Physical
Society, Bologna, Italy (1995); see also
A. Zichichi in Subnuclear Physics — The
first fifty years, O. Barnabei, P. Pupillo
and E Roversi Monaco (eds), a joint
publication by University and Academy
of Sciences of Bologna, Italy (1998);
World Scientific Series in 20™ Century
Physics, Vol. 24 (2000); see also “Why
antihydrogen and antimatter are differ-
ent’, A. Zichichi, CERN Courier,Vol.
49, n. 4, pp. 15-17, May (2009).

The first report on ‘scaling’ was presented
by J.I. Friedman at the 14th International
Conference on High Energy Physics inVi-
enna, 28 August-5 September 1968.The
report was presented as paper n. 563 but
not published in the Conference Pro-
ceedings. It was published as a SLAC
preprint. The SLAC data on scaling were
included in the Panofsky general report
to the Conference where he says ‘... the
apparent success of the parametrization
of the cross-sections in the variable v/q?
in addition to the large cross-section itself
is at least indicative that point-like inter-
actions are becoming involved’.‘Low g2
Electrodynamics, Elastic and Inelastic
Electron (and Muon) Scattering’, W.K.H.
Panofsky in Proceedings of 14th Inter-

The Scientific Legacy of the 20% Century | 131



ANTONINO ZICHICHI

28.

29.

national Conference on High Energy
Physics in Vienna 1968, J. Prentki and ]J.
Steinberger (eds), page 23, published by
CERN (1968).The following physicists
participated in the inelastic electron scat-
tering experiments: W.B. Atwood, E.
Bloom, A. Bodek, M. Breidenbach, G.
Buschhorn, R. Cottrell, D. Coward, H.
DeStaebler, R. Ditzler, J. Drees, J. Elias,
G. Hartmann, C. Jordan, M. Mestayer, G.
Miller, L. Mo, H. Piel, J. Poucher, C.
Prescott, M. Riordan, L. Rochester,
D. Sherden, M. Sogard, S. Stein, D. Trines,
and R Verdier. For additional acknowl-
edgements see J.I. Friedman, H.W.
Kendall and R.E.Taylor, Deep Inelastic
Scattering: Acknowledgements’, Les Prix
Nobel 1990, (Almqvist and Wiksell, Stock-
holm/Uppsala 1991),also Rev: Mod. Phys.
63,629 (1991). For a detailed reconstruc-
tion of the events see J.I. Friedman, Deep
Inelastic Scattering Evidence for the Re-
ality of Quarks’in History of Original Ideas
and Basic Discoveries in Particle Physics, H.B.
Newman and T. Ypsilantis (eds), Plenum
Press, New York and London, 725 (1994).
Quark Search at the ISR, T. Massam and
A. Zichichi, CERN preprint, June 1968;
‘Search for Fractionally Charged Particles
Produced in Proton-Proton Collisions
at the Highest ISR Energy’, M. Basile,
G. Cara Romeo, L. Cifarelli, P. Giusti, T.
Massam, F Palmonari, G.Valenti and A.
Zichichi, Nuovo Cimento 40A,41 (1977);
and A Search for quarks in the CERN SPS
Neutrino Beam, M. Basile, G. Cara
Romeo, L. Cifarelli, A. Contin, G. D’Ali,
P Giusti, T. Massam, F Palmonari, G. Sar-
torelli, G.Valenti and A. Zichichi, Nuovo
Cimento 45A, 281 (1978).

A. Zichichi in Subnuclear Physics — The
first fifty years, O. Barnabei, P. Pupillo
and E Roversi Monaco (eds), a joint
publication by University and Academy
of Sciences of Bologna, Italy (1998);
‘World Scientific Series in 20" Century
Physics, Vol. 24 (2000).

132 | The Scientific Legacy of the 20t Century

30.

31.

32.

33.

‘New Developments in Elementary Par-
ticle Physics’, A. Zichichi, Rivista del
Nuovo Cimento 2, n. 14,1 (1979). The
statement on page 2 of this paper, ‘Uni-
fication of all forces needs first a Super-
symmetry. This can be broken later, thus
generating the sequence of the various
forces of nature as we observe them’,
was based on a work by A. Petermann
and A. Zichichi in which the renormal-
ization group running of the couplings
using supersymmetry was studied with
the result that the convergence of the
three couplings improved. This work was
not published, but perhaps known to a
few. The statement quoted is the first in-
stance in which it was pointed out that
supersymmetry might play an important
role in the convergence of the gauge
couplings. In fact, the convergence of
three straight lines (o, "o, o3™!) with
a change in slope is guaranteed by the
Euclidean geometry, as long as the point
where the slope changes is tuned ap-
propriately. What is incorrect about the
convergence of the couplings is that,
with the initial conditions given by the
LEP results, the change in slope needs
to be at Mgyusy~1 TeV as claimed by
some authors not aware in 1991 of what
was known in 1979 to A. Petermann
and A. Zichichi.

V.N. Gribov, G.‘t Hooft, G.Veneziano
and V.E Weisskopf, The Creation of Quan-
tum ChromoDynamics and the Effective
Energy, L.N. Lipatov (ed.), a joint pub-
lication by the University and the Acad-
emy of Sciences of Bologna, Italy
(1998); World Scientific Series in 20
Century Physics,Vol. 25 (2000).

“The Effective Experimental Constraints
on Mgusy and Mgut’, E Anselmo, L.
Cifarelli, A. Petermann and A. Zichichi,
Nuovo Cimento 104A, 1817 (1991).
‘The Simultaneous Evolution of Masses
and Couplings: Consequences on Su-
persymmetry Spectra and Thresholds’,



MY PERSONAL EXPERIENCE ON THE SCIENTIFIC LEGACY OF THE 20t CENTURY

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44

E Anselmo, L. Cifarelli, A. Petermann
and A. Zichichi, Nuovo Cimento 105A,
1179 (1992).

‘A Study of the Various Approaches to
Mgur and agur’, E Anselmo, L. Cifarelli
and A. Zichichi, Nuovo Cimento 105A,
1335 (1992).

‘Are Matter and Antimatter Symmet-
ric?’, T.D. Lee, in Proceedings of the
Symposium to celebrate the 30th anniversary
of the Discovery of Nuclear Antimatter, L.
Maiani and R.A. Ricci (eds), Confer-
ence Proceedings 53, p. 1, Italian Physical
Society, Bologna, Italy (1995).

‘String Theory: the Basic Ideas’, B.
Greene, Erice Lectures — Discussion
1999 in Basics and Highlights in Funda-
mental Physics, A. Zichichi (ed.), World
Scientific (2001).

‘Search for Supersymmetric Particles
using Acoplanar Charged Particle Pairs
from Z° decays’, ALEPH Collab., D.
Decamp et al., Phys. Lett. B236, 86
(1990).

‘Search for Neutral Higgs Bosons from
Supersymmetry in Z decays’, ALEPH
Collab., D. Decamp et al., Phys. Lett.
B237,291 (1990).

‘Search for Neutralino Production in
Z decays’, ALEPH Collab., D. Decamp
et al., Phys. Lett. B244,541 (1990).
‘Search for the Neutral Higgs Bosons
of the MSSM and other two Doublet
Models’, ALEPH Collab., D. Decamp
et al., Phys. Lett. B265, 475 (1991).
‘Search for Heavy Charged Scalars in
Z" decays’, DELPHI Collab., P. Abreu
et al., Phys. Lett. B241, 449 (1990).
‘Search for Pair Production of Neutral
Higgs Bosons in Z° decays’, DELPHI
Collab., P. Abreu ef al., Phys. Lett. B245,
276 (1990).

‘Search for Scalar Quarks in Z° decays’,
DELPHI Collab., P. Abreu et al., Phys.
Lett. B247, 148 (1990).

‘A Search for Sleptons and Gauginos
in Z° Decays’, DELPHI Collab., P.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

Abreu et al., Phys. Lett. B247,157 (1990).
‘Mass Limits for Scalar Muons, Scalar
Electrons and Winos from e*e~ Colli-
sions near S*(1/2)=91-GeV’, L3 Col-
lab., B. Adeva et al., Phys. Lett. B233,
530 (1989).

‘Search for the Neutral Higgs Bosons
of the Minimal Supersymmetric Standard
Model from Z° Decays’, L3 Collab., B.
Adeva et al., Phys. Lett. B251,311 (1990).
‘Search for the Charged Higgs Boson
in Z° decay’, L3 Collab., B. Adeva ef al.,
Phys. Lett. B252,511 (1990).

‘A Search for Acoplanar Pairs of Leptons
or Jets in Z° decays: Mass Limits on Su-
persymmetric Particles’, OPAL Collab.,
M.Z. Akrawy et al., Phys. Lett. B240,
261 (1990).

‘A Search for Technipions and Charged
Higgs Bosons at LEP’, OPAL Collab.,
M.Z. Akrawy et al., Phys. Lett. B242,
299 (1990).

‘A Direct Search for Neutralino Pro-
duction at LEP’, OPAL Collab., M.Z.
Akrawy et al., Phys. Lett. B248, 211
(1990); P.D. Acton et al., preprint
CERN-PPE/91-115,22 July 1991.

. ‘Searches for Supersymmetric Particles

Produced in Z Boson decay’, MARK
II Collab., T. Barklow et al., Phys. Rev.
Lett. 64,2984 (1990).

Searches for New Particles at LEP, M.
Davier, LP-HEP 91 Conference, Gene-
va, CH, Preprint LAL 91-48, December
1991.

‘The Evolution of Gaugino Masses and
the SUSY Threshold’, E Anselmo, L.
Cifarelli, A. Peterman and A. Zichichi,
Nuovo Cimento 105A, 581 (1992).

‘A Detailed Comparison of LEP Data
with the Predictions of the Minimal Su-
persymmetric SU(5) GUT’, J.R. Ellis, S.
Kelley, D.V. Nanopoulos, preprint CERIN-
TH/6140-91, Nucl. Phys. B373,55 (1992).

The Scientific Legacy of the 20® Century | 133



TABLES e A. ZICHICHI

s CSSYE NYHD (ABLOOTE fTE I axg,.,
oL 00 i 01

ol oL o

4

B
OB -SEUAAING —

WEEY SEELEA™ 4w
P 5 Lo Rl L
i TF 1 !Iu_.l_-..—__,.__l._. _

e ., TONTTE N

P —r— .T._..ﬂ|_.._._r-u_.t_ T AR SRR e .-l_.rl._-u-.l..rh:._.IE..npl_..E._l.i.n_:
| e e oL T
H H o L i 1
H AN 1E SASIVA 30 NOLLTHINE
= H L] T - U - IR Sl
i-..._.-_..lv.....:_lu_ -1
! = pOALY AN ONEEE SIS
- — L . L
bR T l_.__- SHVE-0 WL LAY AL e _ .....lmu
L i - .-Im. 1 | RN |
t = o r
e .n."__. i .l.m.l.H..nrw .u“" HW
=
; g 4 i ..
W f
[ T ——— ER £ P
' £ e m b= L]
1 _ o dmELND
* _ A0ISHI ASHIAINN THL * HIAINIE m___.E.I_

The Scientific Legacy of the 20" Century | 359

Figure 9.



TABLES e A. ZICHICHI

FPredictions for SUSY threshold fower bound

[Tisfs 37—+ 52)

i
MR

'nﬂfrmEHMu'lEm' 1 s LS

T ). f T 1 1 . T 1 i i f
w00 i it ot 10 10" 10 10t o
fGeV)

Figure 10.

360 | The Scientific Legacy of the 20t Century



TABLES e A. ZICHICHI

The “bigg” red potnts represents the real GUT. They have a sequence o
100 GieV' o energy, The Tust pasing wheree the “ideal™ platoaic sruight line
infrcepts the theoretical prediction &5 sl the enetgy of the Grand
Unification, This corresponds 10 Fgy = 1012 GeV. Other detailed
infurmation on the thearetieal inputs: the number ol leembonic Tmiles,
Wiy i 35 e pumber of Higgs pacticles, My o8 2 The dpud values of e
gauge couplings @l the 2%mass 6o (M) = 0018 £ 0008 the other
impant 15 thi rate of weak and electromagnetie couplings o mizasired o
the ZM-muss vilue: sin? thy, [ M )= 12334 = 00004,

The Platonic GUT = thestrighi Bne of the “deted” Blue points,

Praromie versus rear GUT

iy

Figure 12.

The Scientific Legacy of the 20™ Century 361



TABLES e A. ZICHICHI

AML N

g

i

(F

O8SYS NVHD NOHALFSIO Y
4o FTIATT
il g1l =S il ol o1 h Ul alhl .._E,um___.__.,m
—T% T T % T =T T | | e e i
..m..l._.m.._.._q.lr_ﬂm LI -
AWLL-FOVdS Bl
Cl4) |
NEHHO (ITHOMYTLIS (TN OMm

Figure 18.

362 The Scientific Legacy of the 20t Century



TABLES e A. ZICHICHI

FROM FERMI-DIRAC TO NOW

14k SEQUENRT: DOF FEHM! DISCORVERSS - Waak F¥oes Fami-couging, Ferm
E. FERMI Acs: Fermi momerhar, Ferm femperatarne, Ferne surade, For fransbon, Form

larayn; Hee rtviro (Ferme-Pauli] thr Sars am maciees hasior” sand s (Feemi Bt
Fami-Dimn SaEics .
PAM.DIMAC [ (iF + m)y =0 e Tty of Vi
*

| .-L-'..-T'!'H-LHH-E.‘.L.E.‘.E‘| |A_-'u‘.|".l'.‘| {ATTER |
—{ et P 0N ( D: H OH . ... HEH

X ” [ m:ﬁl | 0T 101 088
A e arisd! Diniea P

e

—+ 1947 [ SUBNUCLEAR PHYSICS is born |

Vo Barticley [ Fam . sas]

Iln?-'.'llh-: - &Pl _I;'h{ll'l- = besnt [ Trsin more
[ Bilasenbrii, B hatiser, innterr

flamb, Metherfomi] { Lar@e (v Faaiem, Jomie
Y T

Renoemalizahion; 18477 | [[=E=X
Pl Fﬂ"ﬂl ]

L —I_miﬁa
ﬁlll'«'_rmjilllﬂ in ||r|l.'.'|_h|.|'.'|::':ff|_li-q.|.'n:!.l it

o Cm Tl e e U -
lﬂ:l.'l.ﬂ:,-'ﬂz' TNOCIR E.':.-.'-I'E" 1]

Nintie Firery

= E= | Ferme
-l"'-ﬂ.l.rgp I.‘rr.'_,n'inmhr: @&_Imﬂ LETETRR R T ST
*ﬂ ureed e [ — o L L)

;_r 15 = gy TN

S Shativs TR rcimnies

=t i

_I| e Fective Fmer B

T HL = 3 Family [1960-1072 ]
L J

New' imbrirrse Liniversality E‘jﬁ

o I — i == fodr wiali
: IRE | R — il — oo high
i K] — el Sl F, »
deger of fovcfum FrriiTy

=S —
[ o -Lamding an gloon Jots | I9UTERGTE | 4o 'l:l":.mu .-’i..%'::nwt' Ed-

* 1 L L¥ T4 b | 1HIF] —

—| THE STANDARD MODEL | =20 Pruncen |—

S, & SURL & ULl Repested H-Il-'nul
“GCh |_QFI‘3|']_=3FTJ it [ s
¥

[ Mg in Lk 01930 ansd Leplan | 19975 ."-cl:l.-rrmMJ

Figure 22.

The Scientific Legacy of the 20™ Century 363



