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What I will be able to say  

is limited by the time given to me  
by Professor ‘t Hooft. 

Those interested to know  
all I wanted to say in order to pay  

the due tribute to Professor Blackett  
can read the written version of my lecture. 

Remarks and notes are welcome. 
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I  
 

INTRODUCTION 
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First of all let me welcome all of you  
to this 52nd Course  

of the Subnuclear Physics School.  
This is the first time that  

I am obliged not to be with you.  
During these many past decades more than 

hundred thousands scientists,  
from all over the world  

have participated to the Erice Schools,  
the majority being engaged in activities very 

far away from Physics. 
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Let me show the exact data. 
 
 

DATA ON ACTIVITIES SINCE 1963 
 

124 SCHOOLS,  
1.704 COURSES, 

118.302  PARTICIPANTS(*) 
COMING FROM 932 UNIVERSITIES  

AND LABORATORIES OF 140 NATIONS. 
 

 

 
----------------------------------------------- 
(*) 129 Nobel Laureates (80 of them were awarded the Nobel Prize after their participation to 

the Ettore Majorana Schools and 49 were already Nobel when they started to take part in 
the Centre activities). 
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My Opening Lecture  
is the answer to the question  

posed by some of the many fellows  
mentioned in the Table (page 9):  

Why the Institute where we are now  
is dedicated to  

Lord Patrick M.S. Blackett? 
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Let me thank, Professor Mike Duff, who 
organized at Imperial College – few weeks ago – 
a formidable set of events and invited me to 
recall what did happen when I was 67 years 
younger than now. 

In fact, the first time I learned about the 
existence of the Blackett group was in 1947 
when the “strange particles” called V0s were 
discovered by a group of physicists whose leader 
was the same fellow who gave to Sicily the 
privilege of having two years of peace (1943-
1945) instead of the terrible two last years of war. 
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1947 was the last year of my pre-University 
School in Trapani (Ximenes Liceum) and when 
I read about this totally unexpected discovery I 
could not imagine that seven years later I would 
have been the youngest member of Professor 
Blackett physics group, whose detectors 
(Wilson cloud chamber and associated 
equipment) were installed in the highest Lab of 
Europe (3580 meters a.s.l.) the Sphinx 
Observatory at Jungfraujoch Lab. Professor 
Blackett was the leader of the most powerful 
group of experimental physics in the world. 
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An incredible sequence of unexpected events 
allowed me to become a pupil of Professor 
Blackett. This has been of vital importance not 
only for my career in Physics but also for my 
activities including the establishment of the 
Ettore Majorana Centre for Scientific 
Culture in Erice, the WFS, the World Lab 
with its projects implemented in many 
developing countries and the scientific 
culture endeavours to let people know the role 
of scientific discoveries in everyday life.  
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Professor Blackett was convinced that it is 

us, the physicists, who must be engaged 
directly to let people, outside our labs, know 
what is the role of Science for the progress 
of our Civilization.  

The scientific discovery at the 1st level of 
Galilean Science is the real motor for the 
progress in technological inventions that 
allow the quality of life to be at the level it is 
today.  
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It is thanks to Lord Blackett that I had the 
privilege to spend an evening with Bertrand 
Russell and know his views on us physicists 
engaged at the frontiers of human knowledge in 
order to understand the Logic of Nature.  

It  is  always thanks to Professor Blackett that I 
learned the existence of the “Blackett effect” which 
allowed, during the 2nd World War, the British Navy 
to win the Mediterranean battle thus giving to Sicily 
the privilege of having two years of Peace (1943-
1945) instead of the terrible two last years of war. 
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In this lecture I want to pay tribute to a physicist 
who has played a vital role in the discovery of the 
Subnuclear Universe and in the promotion of 
Scientific Culture. 

Today at the centre of everybody’s attention are 
the problems concerning the role of Science in 
order to be the source of high quality life instead 
being the source of high precision and high power 
weapons.  

In the years after the 2nd World War these were 
problems far from being of interest to the great 
public.  
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When I had the privilege of being in 
the physics group, whose leader was 
Professor Blackett, I learned a lot 
about these problems.  

Professor Blackett was engaged not 
only in Physics frontiers but also in 
problems concerning the role of 
Science in the Culture of our Time 
with his friend Bertrand Russell. 
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The year 1947 was a great year. This is the 
year I first knew the existence of the 
Blackett group where the “strange particles” 
had been discovered. In 1947 I had finished 
the pre-University studies and when the 
discovery of the V0-particles was 
announced, I could not imagine, being in 
Sicily at that time, that in 1955 I would have 
succeeded to be the youngest fellow of the 
Blackett group. In 1947 no-physicist would 
have been able to predict the existence of the 
Subnuclear world. 
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When the V0-particles were discovered by the 
Blackett group at the Jungfraujoch Lab (3580 
meters a.s.l.), Enrico Fermi said: «These strange 
particles are the price we have to pay for having 
discovered probably everything needed to 
understand the Logic of Nature».  

In fact with all particles discovered (p, n, e, π, γ) it 
was possible to understand the molecular, atomic 
and nuclear structure of all types of matter 
(mountains, oceans, the Earth, the Sun, the Moon, 
Galaxies). And this was not all. It was also possible 
to predict the existence of “Virtual Phenomena”. 
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Blackett with his young fellow Occhialini 
discovered (1932) the associated production of 
(e+e−) pair, thus giving experimental support to the 
existence of the “vacuum polarization” process 
theoretically envisaged by Dirac thanks to the 
discovery of his equation (1929). The “vacuum 
polarization” is the starting point of “Virtual 
Physics” which is now the frontier of High Energy 
Physics. Before 1947 no one was able to predict the 
discovery of the Lamb-shift, a “Virtual Physics” 
effect more simple than the “vacuum polarization”. 
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We all work thanks to the existence of “Virtual 
Physics”. Let me try to explain what it is.  

Imagine the most powerful technology. No matter 
how powerful and precise it is, this technology will 
be unable to “directly” observe (measure, 
determine) “Virtual Phenomena”. You could say: 
these phenomena do not exist. Here is the great 
novelty of those times. A virtual phenomenon 
produces rigorously predictable and experimentally 
observable “effects”. Example: the so-called 
“anomalous” magnetic moment of the “heavy 
lepton” called “muon”.  
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Today we can study the Unification of all 
Fundamental Forces of Nature, thanks to the 
fact that we can mathematically compute all 
possible “Virtual Phenomena” produced by the 
three Fundamental Forces of Nature: the 
Electroweak, Strong and Gravitational. All 
these new frontiers of Physics started in 1932 
with Blackett and Occhialini discovery of the 
simultaneous production of (e+e−) confirmed 
by the “Lamb-shift” in 1947. 
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In the same year another wanted particle the 

“nuclear glue”, the π−meson, was discovered. The 
π−meson allows the existence of many protons and 
neutrons in a nucleus, since it acts as the “nuclear 
glue”. 

And now comes the incredible sequence of 
unexpected events which allowed me to become the 
pupil of Professor Blackett.  
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II  
 

AN INCREDIBLE 
SEQUENCE  

OF UNEXPECTED EVENTS 
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The year was 1954 and I was with a 
fellowship of the INFN in the 
“Guglielmo Marconi” Physics Institute 
of the Rome University La Sapienza, 
going up and down to and from the 
Cervinia Lab, since cosmic rays were 
the only source of High Energy 
Particles in Europe.  
  



 26 

It was 12.00 p.m. – Sunday – and I was working 
with cosmic rays Wilson cloud chamber pictures 
taken by our group in the Cervinia Lab (3480 
meters a.s.l.). A phone call by Bruno Brunelli, the 
Deputy Group Leader, was asking me if I could 
leave next day to participate at the International 
Conference since he was sick (40° fever). These 
were times when each Country had a quota for 
participants. Minus one implied that, at the next 
Conference, the Country had his quota reduced. 
This was the reason for “last minute call”. 
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I did go to the Conference where a great event 

was announced. 
A new discovery by the same group who in 1947 

discovered the V0−particles. This was the first name 
originally given by the group leader, Professor 
Blackett, to this unexpected discovery.  

Why V0-particles? Because they appeared as 
inverted V0: these two  𝑉!! were identified to be a 
baryonic event (Λ! → 𝑝𝜋!) and a heavy mesonic 
event (𝜃! → 𝜋!𝜋!).  
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The discovery of the 𝑉!! was the starting point of 

the “strange particle” physics which no-one in 1947 
would have imagined to be the opening of a new 
horizon towards the Subnuclear Universe. 

The new discovery presented by a member of the 
Blackett group (G.D. James) needed a reaction 
which was “forbidden”. Let me show a copy of the 
Proceedings where this is reported [G.D. James, 
Some Notes on the Production of V-particles, Suppl. 
Nuovo Cimento Vol. IV, X n. 2, page 328 (1956)]. 
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As reported by G.D. James, it was pointed out by 
Professor Gell-Mann that reaction (3) did not conserve the 
strangeness quantum number. This was a great event for 
my career. Professor Butler, the co-discoverer of the first 
strange particles was the Chair of the Session.  
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(Picture courtesy of the Imperial College London) 

Back row left to right:  
Prof. P.T. Matthews (Theoretical Physics), Prof. M. Blackman (EXSS), Prof. J. Mc Gee (Instrumental 
Technology), Prof. Sir J. Mason (Cloud Physics) 
Front row left to right:  
Prof. A. Salam (Theoretical Physics), Prof. C.C. Butler (HENP), Lord P.M.S. Blackett (Head of Physics), 
Prof. W.D. Wright (Optics), Prof. H. Eliott (Cosmic Ray and Space Physics)  
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G.D. James did not answer to Gell-Mann 
objection. In my broken English I said that at 
production 10−23  sec  the 𝜃!  has S = +1 but, 
according to the most recent developments of our 
understanding the physics of strange particles, the 
𝜃0–meson, later becomes a mixture of 𝜃! ±   𝜃0 . The 
correct reaction is therefore 

 

𝜃! + 𝑁   →   Λ! +   𝜋  . 
 
The only difficulty is that there was no 

experimental evidence for the existence of heavy 
mesons with positive and negative strangeness.  
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A.Z. and Murray Gell-Mann talking about heavy mesons with positive and 
negative strangeness. 
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Europe had only  
Cosmic Rays. 

No SC – now 60th anniversary celebration at CERN 

PS + SPS 
LEP 
LHC. 
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Professor Blackett – after the 1954 Conference – 
invited me to join his group (1955)  

and two years later (1957) 
the associated production of heavy mesons 

(whose name from θ became K) 
with positive and negative strangeness was discovered, 

as illustrated below. 
 

After 2 years: 1955 + 2 = 1957 
Associated production of 
𝑆 =   +1
𝑆 =   −1  ⇒ K mesons 

 

𝐾!  +  𝐾! 
𝐾!   +   𝐾! 

was discovered by the Blackett group. 
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These photos, taken at the Jungfraujoch Lab 
(3580 meters a.s.l), were at least 3 years old. 

How it happens that in the photos taken at 
Jungfraujoch there was so much Physics? 

 

Professor Blackett was 
the author of the 

Trigger System with threshold Energy 
 

 

𝐸!"#$!"#$%&  𝐼𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛     ≥ 10  𝐺𝑒𝑉 
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The Jungfraujoch Lab where the Blackett group had its powerful detectors  
placed in the Sphinx Observatory. 
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Another view of the Jungfraujoch Lab. 
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Before going to the next Chapter let me give a synthesis of my 
sequence of events in the Table 1 below. 

 
 

1947 – The end of my studies at the pre-University level. 
 

1947      
 1 Lamb–shift wanted 
 2 π−meson wanted 
 3 Strange particles – Totally Unexpected 

 
1948 + 5 ⇒ 1953: end of University studies and becoming [1955] 

the youngest member of the Blackett group. 
 

Table 1 
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Thanks to Blackett the same research group has been involved 
successfully with the three (1947) great achievements: Virtual 
Physics (Lamb-shift), Nuclear Glue (π−meson) and Strange 
Particles.  

The most spectacular one being the Strange Particles illustrated 
in Figure 1. 

The final states of the first two  V0 s 
Λ! → p +   𝜋! 
θ! → 𝜋!  𝜋! 

implied the existence of the nuclear glue (π−meson), with all 
consequences illustrated in Figure 2. 

The discovery of the Lamb-shift was the simplest example of 
Virtual Physics (vacuum polarization effects) with all 
consequences illustrated in Figure 3. 

From now on the Figures will report in a synthetic way the 
developments up to the present day of the new horizons opened by 
the discoveries originated in the Blackett Lab. 
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IIIA 
 

BLACKETT 
AND THE ORIGIN 

OF THE 
SUBNUCLEAR UNIVERSE 
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– 1947 – 
Strange Particles  

 Figure 1 
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– 1947 – 
Nuclear Glue 

Figure 2 
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Virtual Physics 

Figure 3 
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 Figure 4:  The present status of the unification of the three gauge couplings α1 α2 α3 is reported.  
This is the most accurate description of the unification whose mathematics is in Figure 6. 
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THE GAP BETWEEN EGUT AND EPLANCK 
 

In Figure 5 is reported the GAP which exists 
between the Planck energy, EPlanck , and the 
two energy levels, EGUT, where the three gauge 
couplings converge and ESU, the energy where 
the RQST (Relativistic Quantum String 
Theory) puts the origin of the Gravitational 
Forces. The existence of this GAP is, at 
present, being studied.  
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Figure 5  
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GUT (Grand Unified Theory): the Mathematics (Figure 6). 
 

THE UNIFICATION OF ALL FUNDAMENTAL FORCES 
The three lines (𝛼!!!,   𝛼!!!,    𝛼!!!)  in Figure 4 result from calculations executed with a 

supercomputer using the following system of equations:  

µμ
dα!
dµμ =   

b!
2π   α!

! +   
b!"
8π!   α!α!

!

 

αi ,  αj  (with  i = 1, 2, 3;  and  J = 1, 2, 3  but  i ≠ j), 
This is a system of coupled non-linear differential equations where the existence of the 

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

This is now called: the EGM effect (from the initials of Evolution of Gaugino Masses). 
This effects produces a factor 700 in the threshold for the lightest supersymmetry particle. 
No one knows the value of the threshold Energy for the production of the lightest 
supersymmetry particle. The EGM effect lowers this value by a factor 700. Suppose that 
somebody would say that the threshold is at 700 TeV, thanks to the EGM effect this value 
is going to be 1 TeV.                               

Figure 6 
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  Figure 7 

This Figure illustrates the EGM effect for the case when the prediction was at 21 TeV. 
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IIIB 
 

BLACKETT 
AND THE  

WHOLE OF  
OUR KNOWLEDGE 
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– 1929 – 

 

  
(From left) Lord Patrick Maynard Stuart Blackett, Pyotr L. Kapitza, Paul Langevin, Lord Ernest 
Rutherford, Charles Thomson Rees Wilson outside Cavendish Laboratory (1929). This photo – dated 
1929 – is a gift in 1955 of Professor Blackett to the youngest member of his group (A.Z.). On this 
occasion Professor Blackett said that on the same year (1929) the best synthesis on the future of 
Physics had been given in Florence by Orso Mario Corbino, the founder of what would have been 
the famous “Panisperna Group” where Enrico Fermi invented the “slow neutron technology” which 
allowed all elements of the Mendeleev Table to become “radioactive”. This is how Fermi discovered 
the “Weak Forces”. Here are the words of Professor Corbino(*): “The only possibility of great 
discoveries in Physics dwell in the eventuality of succeeding in modifying the inner nucleus of the 
atom. This will be the task truly worthy of the future in Physics”. 
__________________________ 
(*) «La sola possibilità di grandi scoperte in Fisica risiede nella eventualità che si riesca a modificare il nucleo interno dell’atomo. 

E questo sarà il compito veramente degno della Fisica futura».  
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Blackett [discovery of (e+e−) production in cosmic rays and of the first examples of strange particles: a 
mesonic state and a baryonic state. This is why the “mesonic state” (θ!) and the “baryonic state” (Λ!) 
were given opposite values of the new quantum number called “strangeness”: S = +1 and S = −1, 
respectively]. 
Kapitza [discovery of superfluidity (and no secret Labs, Erice Statement) and hero in Science for his 
courage to refuse the directorship of the nuclear-fusion-bomb (called now H–bomb) thousands times 
more powerful than the nuclear-fission-bomb called atomic (Hiroshima and Nagasaki). Why called 
Atomic? Eugene Wigner (Time Reversal Invariance) told me the reason. Before 1940 the word 
“Nuclear” did not exist in our language. People would have been confused. The most advanced 
scientific word was Atomic. This is why the first nuclear bomb was called “Atomic”](*).  
Langevin [discovery of paramagnetism (Radioactivity) and inventor of the “twin paradox”. He gave to 
Becquerel the correct suggestion which allowed the discovery of radioactivity]. 
Rutherford [discovery of the atomic nucleus, i.e. of the fact that atoms are composite objects and that 
more than 99% of their mass is concentrated in a volume which is a million of a billion times smaller 
that the atomic volume]. 
Wilson [invention of the “cloud-chamber”: the instrument which allowed during more then five 
decades the enormous number of discoveries using the “cosmic rays” as primary high energy particles. 
Nature was very kind with us: all new particles have a life-time of ≃ 10−10 sec (perfect for 
centimeters flights). The production time for the same particles is  ≃ 10−23 sec].  
__________________________ 
(*) Nuclear Fission  → 1945 – Uranium Bomb (Hiroshima);  

1945 – Plutonium Bomb (Nagasaki);  
 

Nuclear Fusion  → 1952 – H-Bomb (USA);  
1953 – H-Bomb (URSS). 
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VIRTUAL PHYSICS AND VIRTUAL HISTORY 
 

The historians have invented “Virtual History” following the 
Physics discovery of “Virtual Physics”.  

As said before Professor Blackett is the physicist who discovered 
in 1932 the simultaneous production of (e+e−) pairs in cosmic rays 
thus giving the needed experimental evidence for the existence of 
the first example of “Virtual Physics”, the “vacuum polarization 
effects”, theoretically predicted by Dirac in 1929.  

“Virtual Physics” and “Virtual History” operate in the two 
asymptotic limits of Complexity (minimum and maximum levels) 
but share a common property: Evolution.  

In fact History is “Evolution of the World in its Real Life” ≡ 
(EWRL), and Science is “Evolution of our Basic Understanding of 
the laws governing the world in its Structure” ≡ (EBUS).  
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The two evolutions (EWRL) and (EBUS) are dominated by 
Unexpected Events with Enormous Consequences  (UEEC events)  
as illustrated in Table 2.  

The world would not be as it is if any of the UEEC events 
reported in the History columns of Table 2 did not take place.  

The Virtual world, which would come from “Virtual History”, 
would not be like our world, but “Virtual Physics” is exactly our 
Physics. 

Virtual History could not have been invented if “Virtual 
Physics” had not been discovered thanks to Professor Blackett. In 
Table 2, Science and History are compared.  

The Logic of Nature allows the existence of the lowest limit of 
Complexity, Science, and of the highest limit of Complexity, 
History. How to go from the lowest to the highest limit is 
illustrated in Table 3.  

 

  



 54 

UEEC EVENTS IN HISTORY AND IN SCIENCE 

  Table 2 
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  Table 3 
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Science and History bring us to consider the “whole of our knowledge”, reported in 
Figure 8. Let me say few words on Figure 8.  
 

Figure 8 
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The First Big Bang (BB1) is needed in order to describe how we 

go from the Vacuum to the Universe, made with inert matter. 
 
 

The Second Big Bang (BB2) is needed in order to describe how 
we go from inert matter to the matter endowed with life. This is 
being studied in many laboratories. Hundreds of scientists are fully 
engaged in studying what is called the “problem of minimal life”: 
i.e. how many pieces of inert matter are needed in order to produce 
the most elementary piece of “living matter”. 

 
 

The Third Big Bang (BB3) is needed in order to describe how 
we go from the matter endowed with life (and no Reason) to the 
most elementary form of living matter endowed with the privilege 
of having also Reason.  
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Attention please: with the term Reason it is not meant the most 
simple form of Reason needed to the living matter in order to 
guarantee life.  

There are hundreds of thousands forms of living matter (vegetal 
and animal, small and big) but only one form of living matter is 
able to invent “Language” (which gives rise to Permanent 
Collective Memory, better known as Written Language), 
“Rigorous Theoretical Logic” (known as Mathematics) and 
“Rigorous Experimental Logic” (known as first level Galilean 
Science). 

These three Big Bangs are indicated in Figure 8, where the 
knowledge of the Universe plays a central role.  

However, if the Third Big Bang would have not occurred, we 
could not be here discussing our problems and I could not have 
written this lecture.  
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Figure 8 
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IV  

 
BLACKETT AND RUSSELL  

(GALILEI, EINSTEIN, GÖDEL) 
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It is thanks to Lord Blackett that I had the 
privilege to spend an evening with Bertrand 
Russell and know his views on us physicists 
engaged at the frontiers of human knowledge in 
order to understand the Logic of Nature. 

Blackett invited me at his place along with his 
friend, Bertrand Russell, who said:  

«You, physicists, would sell your souls to the devil 
just to be allowed to implement your experiments». 
And turning to me: «What about you, my young 
fellow, what do you think of it?». 
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Actually, that meeting at Blackett’s house had the 
purpose of discussing Relativity and the role played 
by Galilei.  

Blackett was not happy of what Russell had 
written in his book the ABC of Relativity; Galilei 
was only cited once despite the fact that Galilei’s 
Principle of Relativity was so well formulated that 
included Electromagnetic Phenomena (unknown to 
Galilei).  

I was there because, from childhood, I had read 
all of Galilei’s writings. 
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From the Galilei-Einstein theme, the conversation turned to a subject that 
was gnawing at Russell’s mind: Physicists, that vile cursed race of beings. 
He did not say it out loud, but he certainly harboured the thought. At one point 
he even exclaimed:  

“The day there will be a slowdown in the race for armaments you 
physicists will be in trouble. We do not know for how many decades this will 
continue. Therefore, your future is secure. However, if I could think of a 
world without any more conflicts between great powers, if I were you I would 
change job. I don’t know when the “cold war” between the two super powers 
will become “hot”. We should do all we can to avoid this and you should 
know that, in a planet without the two opposing super powers, the race for 
armaments will subside and so will the financing of frontiers research.  

The political powers are not financing your projects to better 
understand the Logic of Nature. This belongs to us and the truth will be 
in our hands. You physicists are getting all that attention from 
governments because of the potential applications of your research to war 
technologies. The day that interest will wane, there will be no more financing 
for your projects”. 
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Later on, coming back to Russell’s 

rather shocking point of views, 
Blackett told me:  

 
«You know, Russell is mad at us 

because, after all, Kurt Gödel is one of 
us».  
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This Era of Peace, for which Blackett and Russell 
strongly disagreed as to the way and means to achieve it, 
has now become reality; there is no more need for a race 
for armaments. We are now at the crossroads: will the 
political powers of free and democratic countries follow 
the road predicted by Russell’s pessimism and feared by 
all the free worlds’ scientists? Or will they go the way 
Blackett had shown, during the difficult times following 
the end of the war, by putting in place the first European 
Scientific Institution, CERN, which he wanted to be 
beyond all ideological, political and racial barriers, 
without secrets or frontiers, and entirely dedicated to 
fundamental research without any kind of warlike 
technological applications? 
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Russell 
The further away the scientific discovery is from what 

the culture believes having understood the more 
unpredictable the technological applications, for good 
or evil, will be. You are talking now about Fundamental 
Forces and elementary particles without having 
understood what is at play. After the Nuclear Universe you 
are working to discover another type, more sophisticated 
and microscopic, of Universe. The governments, as long 
as the secret laboratories will continue to exist, will 
keep financing you out of the reciprocal fear of the new 
technologies which could turn out to be applicable to arms 
that would be ever more precise and ever more potent. 
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V 
 

THE “BLACKETT EFFECT”  
IN THE 2nd WORLD WAR 
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It is always thanks to Professor Blackett that I learned the existence 
of the “Blackett effect” which allowed the British Navy to win the 
Mediterranean battle during the 2nd World War. The Blackett effect 
refers to the problem of going from A to B: the best solution is to send 
all navies distributed in concentric circles. The maximum loss cannot 
exceed 70%. The proof was given by the fact that the British Navy 
succeeded to go on liberate Malta with few per cent losses. Professor 
Blackett was Chief Advisor on Operational Research in the Admiralty 
during the 2nd World War. 
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Note: The surrender of the Island (Malta) was considered inevitable. 

 
 

Thanks to the Blackett Effect the war in Sicily ended in 1943. The 
2 years of terrible tragedies (1943-1945) did not occur in the place 
where I was living. 
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VI  

  
NEW INSTITUTIONS  

FOUNDED 
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Being a pupil of Blackett has been of vital 
importance not only for my career in Physics but 
also for my activities including the establishment 
of the Ettore Majorana Centre for Scientific 
Culture in Erice.  

Professor Blackett was convinced that it is us, 
the physicists, who must be engaged directly to 
let people, outside our labs, know what is the role 
of Science for the progress of our Civilization.  

The scientific discovery at the 1st level of 
Galilean Science is the real motor for the 
progress in technological inventions that allow 
the quality of life to the be at the level it is today.  
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From left:  Luigi Dadda, Pierre A. Piroué, Enrico Bignami, Yuval Ne'eman, Richard L. 
Garwin, John C. Eccles, Eugene P. Wigner, the author, Edward Teller, Paul Adrien 
Maurice Dirac, George Charpak  (1981). 
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The World Federation of Scientists 
Organisation & Status 

The World Federation of Scientists (WFS) was founded in Erice, Sicily, in 1973, by a group of eminent scientists led by Isidor 
Isaac Rabi and Antonino Zichichi. Since then, many other scientists have affiliated themselves with the Federation, among them T. D. 
Lee, Laura Fermi, Eugene Wigner, Paul Dirac and Piotr Kapitza.  

The WFS is a free association, which quickly grew to include more than 10,000 scientists drawn from 110 countries. All 
members share the same aims and ideals and contribute voluntarily to uphold the Federation's Principles. The Federation promotes 
international collaboration in Science and technology between scientists and researchers from all parts of the world - North, South, 
East and West. The Federation and its members strive towards an ideal of free exchange of information, where scientific discoveries 
and advances are no longer restricted to a select few. The aim is to share this knowledge among the people of all nations, so that 
everyone may experience the benefits of the progress of Science.  

The creation of the World Federation of Scientists was made possible by the existence, in Erice, of a centre for scientific culture 
named after the physicist Ettore Majorana, the  Ettore Majorana Centre for Scientific Culture. This Centre, which has been dubbed 
"The University of the Third Millennium", has attracted over 100,000 scientists from all over the world since its founding in 1963. The 
Ettore Majorana Centre was a precursor of the World Federation of Scientists and its action to mitigate planetary emergencies.  

The World Federation of Scientists rapidly identified 15 classes of Planetary Emergencies and began to organise the fight against 
these threats. One of its main achievements was the drawing up of the Erice Statement, in 1982, by Paul Dirac, Piotr Kapitza and 
Antonino Zichichi, clearly setting out the ideals of the Federation and putting forward a set of proposals for putting these ideals into 
practice. Another milestone was the holding of a series of International Seminars on Nuclear War which have had a tremendous 
impact on reducing the danger of a planet-wide nuclear disaster and have ultimately contributed to the end of the Cold War.  

In 1986, through the action of a group of eminent scientists (most of whom were members of the WFS) the International Centre 
for Scientific Culture ICSC-World Laboratory was founded in Geneva to help achieve the goals outlined in the Erice Statement. To 
achieve these, specific pilot projects have been implemented to overcome the Planetary Emergencies. The ICSC-World Laboratory 
works on the principle that one of the better ways of helping Developing Countries is to support the participation of their scientific 
elite in projects aimed at the solution of their particular problems, working in collaboration with their peers in Developed Countries 
and contributing to the advancement of Science and human knowledge as a whole.  

Other achievements have been the establishment of the Erice Prize, the Gian Carlo Wick Gold Medal Prize, the formulation of 
the Farnesina Statement and the Lausanne Declaration and the National Scholarship Programmes. 
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THE ICSC – WORLD LABORATORY 
Geneva – Moscow – Beijing – New York 

 
What is the World Laboratory 

The International Centre for Scientific Culture, ICSC - World Laboratory, is an international non-governmental organisation 
recognised by the United Nations and granted, by the federal government of Switzerland, the status of “Public Utility Organisation”. It 
has established 5 World Laboratory branches, 42 research centres and signed formal agreements with 20 countries and 65 universities, 
research institutes and laboratories. It has implemented successfully over 100 pilot projects, in all scientific fields, in developing 
countries and granted access to higher institutes of learning and research laboratories to more than 5’000 young scientists from 
developing countries. The World Laboratory is unique in that it is able to obtain the scientific cooperation of its members and Project 
Directors on a totally voluntary basis. 

The International Centre for Scientific Culture - World Laboratory was founded in CERN, Geneva, in 1986 by a group of 
eminent scientists, to help achieve the goals outlined in the Erice Statement. written by Professors Paul A.M. Dirac, Piotr Kapitza and 
Antonino Zichichi at the Ettore Majorana Centre for Scientific Culture in Erice, Italy in 1982, and subsequently endorsed by 10,000 
scientists the world over. The World Laboratory has demonstrated that one of the better ways to aid developing countries is to 
encourage collaboration between their scientific elite and those of developed countries, in projects aimed at solving their particular 
problems, whilst at the same time advancing scientific and human knowledge as a whole. - thus contributing actively to the fight 
against the Planetary Emergencies defined by the World Federation of Scientists.  
The World Laboratory Structure 

Since the basic principles of the World Laboratory are high-reactivity guaranteed by the highest expertise available, with a 
minimum of bureaucracy, it is organised in a way to avoid the burden of an overly centralised administrative structure. 

The ICSC – World Laboratory is managed by the President, who reports to the General Assembly, and who relies on the 
Executive Committee to set the overall policies of the organisation. Various scientists are appointed by the President to become 
members of the Scientific Committee and the President’s Office, to serve in an advisory capacity and advise him on the selection of 
projects and project directors. The Project Directors Committee handles the co-ordination between the various projects. The General 
Secretariat, in Headquarters, handles the administrative, financial and control services. 
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Founding Institutes and Scientists 
Academia Sinica 
African Academy of Sciences 
“Ettore Majorana” International Foundation and Centre for Scientific Culture 
“Galileo Galilei” Foundation. 
Institutes of Fundamental Studies – Sri Lanka 
International Centre for Theoretical Physics 
International Centre of Insect Physiology and Ecology 
Permanent Inter-state Committee for Drought Control in the Sahel (CILSS) 
Third World Academy of Sciences 
Professor Sir John Eccles Nobel Laureate 
Professor M. Gourdin University of Paris 
Professor R. Hofstädter Nobel Laureate 
Professor H. Isliker University of Lausanne 
Professor G. Motta University of Naples 
Professor D. Palumbo University of Palermo 
Professor H. Rieben Jean Monnet Foundation for Europe 
Professor A. Salam Nobel Laureate 
Professor K. Siegbahn Nobel Laureate 
Professor S.C.C. Ting Nobel Laureate 
Professor B. Vittoz President Swiss Institute of Technology 
Professor A. Zichichi CERN, Geneva 
 

President 
Professor A. Zichichi CERN, Geneva 
 

Vice President 
Professor T.D. Lee University of Columbia, New York 
 

Executive Committee 

Professor Pietro Adonnino University of Rome 
Professor Giuseppe Guarino University of Rome 
Professor Blaise Knapp University of Geneva 
Professor Guido Piragino University of Torino 
Professor Henri Rieben University of Lausanne 
Professor Kai M.B. Siegbahn University of Uppsala 



 77 

A Summary of Results and Achievements 
(in collaboration with the World Federation of Scientists) 

One hundred pilot projects and dozens of programmes were dedicated to the fight against planetary 
emergencies. Some results follow: 

Basic Science and Technology – 
Hundreds of bright young scientists from developing countries were given training in CERN, to help in the 

development of highly sophisticated detectors for the LAA, the ALICE and the R&D for Advanced Technologies 
experiments. 

National Scholarship Programmes established in 38 developing or newly emerging countries with over 2’000 
scholarships granted every year. 

An International Scholarship Programme, in association to Pilot Projects, granted over one thousand international 
scholarships to bright young scientists from Developing Countries, for training in the best institutes and laboratories 
in industrialised countries. 

Young scientists from developing countries were involved in the development of frontiers research on 
spectroscopy equipment in our research centre in Uppsala. 

A large number of young scientists from developing countries were involved in the cosmic rays research 
programmes in the Gran Sasso underground laboratory. 

A centre for advanced Science and technology was established in Beijing, in collaboration with the Chinese 
Academy of Sciences. It was the first established National Scholarship Programme and, over the last 18 years, it 
consistently introduced whole frontiers of Science areas in China, with 484 one-month-long domestic symposiums 
and 18 international symposiums training more than 30’000 scientists, 168 volume publications and nearly 4150 
papers published in international journals.  

A research centre for high-energy physics and cosmology was established in Islamabad. 
A computer-assisted design centre was established in the University of Buenos Aires and training provided to 

young scientists. 
A technological park centre was established in Buenos Aires to improve the interaction between universities, 

industry and research centres in Argentina. Training was provided to young scientists. 
A total of 20 agreements were signed with governments from Developing Countries. 
A total of 42 World Laboratory Research Centres were established in developing countries with the collaboration 

of national institutions. 
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A total of 65 scientific collaboration agreements were signed with governmental institutions and research 
institutes. 

Climate and Environment –  
Study and elaboration of mathematical models for drought and flooding on a regional and global basis.  
The damming effect of geopotential formations on monsoons and the ensuing droughts was demonstrated.  
Protection of coastal marine environment in the southern Mediterranean Sea. 
The Monitoring of Planetary Emergencies – 
Since 1998, a Permanent Monitoring Panel (PMP) was established for each group of Planetary Emergency, with 

the scope of: 
! Monitoring the scientific results of research conducted in the relevant fields of Science; 
! Organising scientific workshops to reconcile conflicting views on scientific issues and channel research efforts; 
! Helping disseminate relevant scientific data and information; 
! Organising yearly Group Meetings and reporting on group activities to the WFS Annual General Meeting in 

Erice; writing recommendations for use by governments and international agencies. 
The 16 PMPs are:  

• Biotechnology  
• Brain and Behaviour 
• Climatology 
• Defence Against Cosmic Objects 
• Desertification 
• Energy  
• Floods and Extreme Weather Events 
• Information Security 
• Limits of Development 
• Missile Proliferation 
• Mother & Child 
• Pollution 
• Motivations for Terrorism 
• Mitigation of Terrorist Acts 
• Transmissible Spongiform Encephalopathy 
• Water 
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Forty-four Sessions of the International Seminars on Nuclear War and Planetary 
Emergencies were held, since 1981, in Erice. 

A national competition was established in Italian high schools, to increase the awareness 
of the coming generation of the Planetary Emergencies. 

A large project was launched for high schools in Italy to assemble and operate muon 
telescopes, using simple material developed as part of our ALICE experiment in CERN. The 
high school students and their teachers will thus be exposed to an ongoing physics 
experiment, to which they can effectively contribute. 

Desertification –  
Two research centres were established in China. Long-term studies and field applications 

showed that desertification could be forecasted; it can be stopped and even made to regress. 
Energy and Pollution –  
A research centre for Fusion was implemented in China and training provided to young 

scientists of South-East Asia.  
A long-term programme for the development of nanocrystalline photovoltaic energy was 

implemented in China, with the collaboration of the Swiss Institute of Technology.  
Another long-term programme was implemented in China for the development of an 

energy-efficient and pollution-free carbon slurry network and research centre. 
A solar research and training centre was established in Senegal for the photovoltaic 

applications. Training was provided to instructors and graduate students. 
Extreme Weather Events –  
The method for the forecasting of extreme local weather events, using simple means, was 

developed and made available to many developing countries. Dedicated research and 
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operational centres were established throughout the Mediterranean Basin and training 
provided to the local staffs. 

Floods –  
A vast system for the forecasting and the management of floods was implemented in the 

Yellow River Basin. The population living between the dikes, numbering in millions, is now 
given warning and evacuated in case of forecasted catastrophic events.  

Food –  
A new source of protein for developing countries was derived from the selective 

cultivation of a common species of bean. 
A wide variety of fruit trees was shipped to China. A research centre with laboratory and 

nursery was provided along with an experimental canning factory. Training was provided to 
the local scientists and staff both in China and in European laboratories and institutes. 

Global Monitoring of the Planet –  
Numerous Seminars were dedicated to the study of the search for solutions to the problems 

of Global Warming and the Ozone Hole.  
A sophisticated seismological system was put in place in the Mediterranean Basin, with 

stations on all sides of the Mediterranean and linked to worldwide networks. In addition, 
regional seismological networks were implemented in countries prone to earthquakes. 

Infectious Diseases –  
A network of 15 research institutes focused their studies and field research on AIDS in 14 

African countries, and two dedicated research centres were established in Uganda and 
Nigeria. 
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Medicine –  
A vast programme for advanced biotechnology was undertaken in China. Training 

was provided in European institutes and three centres were equipped and established in 
Beijing and Shanghai. Two of these centres have since become the leading centres in 
China. 

An epidemiological study and survey for the prevention and the treatment of heart 
diseases was implemented in Kenya. A specialised research and clinical centre was 
established and training was provided to medical personnel of various hospitals and 
university centres. 

A vast survey of the elderly population was undertaken in China, the first of its kind. 
A specialised research and clinical centre was established and training provided to local 
medical personnel. 

A long-term programme, called Kangaroo Mothers, was started in 1989 to conduct 
studies and seek scientific proof of the validity of a new method to cater for premature 
babies, in developing countries lacking the necessary incubators infrastructure. Once the 
studies proved the method to be beneficial, a vast programme of training was 
implemented worldwide. The method has now even been adopted in various developed 
countries as it proved to be superior to the classical incubator method.  

Another pilot programme for teaching deaf-mute children was disseminated in 
developing countries. Training was provided to local medical personnel and specialised 
training centres were established in three locations. That very successful programme will 
help mitigate the psychological, social and economic consequences for the disabled 
children.  
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Information Security –  
The dedicated PMP investigated the emerging threat to the functioning of 

information and communication technology (ICT) systems and made appropriate 
recommendations. The Report and Recommendations of the PMP on Information 
Security, Toward a Universal Order of Cyberspace: Managing Threats from 
Cybercrime to Cyberwar (Report), is part of an ongoing effort that has been 
undertaken by the WFS to address threats in this arena. The vital importance for 
emerging and developing countries to ensure the security of Information was 
stressed, thus avoiding manipulations and economic disaster. Co-operation was 
developed with ICT and WSIS and a joint publication issued with ITU. 

Motivations for Terrorism –  
The Permanent Monitoring Panel on the Motivations for Terrorism was 

established to contain and possibly eliminate the growing scourge of terrorism and its 
impact, monitoring research that is being conducted, organising scientific workshops 
to channel research efforts and reconcile conflicting views on scientific and related 
ethical issues, helping disseminate relevant scientific data and information, 
developing recommendations for use by governments and international agencies, 
elaborating project proposals to conduct research in collaboration with scientists and 
others from relevant countries, and seeking to operationalize the results of scientific 
research in the cause of deeper understanding and for the purposes of cause of peace 
rather than war. 
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Mitigation of Terrorist Acts –  
The Permanent Monitoring Panel on the Mitigation of Terrorist Acts has considered 

nuclear and biological megaterrorism, first to determine and to explain the magnitude of the 
hazard and then, in the case of biological megaterrorism, to identify the great benefit 
potentially available in the case of a terrorist-initiated pandemic of contagious disease such as 
smallpox by non-pharmaceutical interventions such as hand sanitation, improvised masks, air 
purification, use of household bleach - all to reduce the reproduction factor R of the disease 
from one generation of illness to the next "serial interval." Evidently, rapid development, 
production and use of an appropriate vaccine for the disease will minimize the serious 
economic and social burden of draconian public health measures. 

The PMP Terrorism-Mitigation continues to maintain an overview of the capability in 
principle and in practice of detecting the flow of fissile material that might be used by 
terrorists to build nuclear weapons; of the monitoring capability for the early detection and 
identification of disease that might be terrorist-induced or for that matter a natural outbreak, 
taking into account that terrorist-induced disease might have many foci. Mitigation involves 
rapid assessment of the hazard - e.g., the extent and nature of radiological contamination in 
case of the dispersal of radioactive materials, to minimize further contamination and exposure 
of the population, as well as the tools and procedure to decontaminate where possible and 
warranted. The response involves not only systems analysis informed by physics and 
chemistry, but notably the hard work of defining and sharing "best practices" and of sketching 
materials that would most effectively limit the damage from a pathogen. 
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P.M.S. Blackett’s Statement and the Director of the Blackett Laboratory at Imperial 
College in London, Thomas W.B. Kibble. 
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«We experimentalists are not like 

theorists:  the originality of an idea is 
not for being printed in a paper, but 
for being shown in the 
implementation of an original 
experiment.» 
 

Lord Patrick Maynard Stuart Blackett, 1962. 
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This unveiling Ceremony recalls me  
the other one where Frascati Lab AdA-ADONE 

were given the EPS Historic site. 
On that occasion I recalled the  

famous statement by Enrico Fermi: 
 

«Without Memory neither Science 
nor Civilisation could exist». 
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Let me show page 3  
of my Opening 
Lecture at the  
AdA-INFN-EPS 
unveiling Ceremony. 
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In another occasion  
it was necessary “memory”  

in order to recall people  
the origin of  

the “God Particle”,  
as reported on pages 625 and 626  

of my Closing Lecture  
at the Pontifical Academy of Sciences. 
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In 1985 at the famous Geneva meeting when the 
two most powerful world leaders met (Reagan and 
Gorbachev) they both agreed that the biggest 
enemy for Peace in the world is the existence of 
secret Labs. They both declared that they would 
have opened their secret Labs, thus following the 
Erice Statement signed by more than 100.000 
scientists the world over.  

See the next page for the Erice Statements written in 
1982 by Paul A.M. Dirac, Piotr Kapitza (the fellow near 
to Blackett in the 1929 photo, pages 50 and 96) and A.Z. 
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– 1929 – 

 

  
(From left) Lord Patrick Maynard Stuart Blackett, Pyotr L. Kapitza, Paul Langevin, Lord Ernest 
Rutherford, Charles Thomson Rees Wilson outside Cavendish Laboratory (1929). This photo – dated 
1929 – is a gift in 1955 of Professor Blackett to the youngest member of his group (A.Z.). On this 
occasion Professor Blackett said that on the same year (1929) the best synthesis on the future of 
Physics had been given in Florence by Orso Mario Corbino, the founder of what would have been 
the famous “Panisperna Group” where Enrico Fermi invented the “slow neutron technology” which 
allowed all elements of the Mendeleev Table to become “radioactive”. This is how Fermi discovered 
the “Weak Forces”. Here are the words of Professor Corbino(*): “The only possibility of great 
discoveries in Physics dwell in the eventuality of succeeding in modifying the inner nucleus of the 
atom. This will be the task truly worthy of the future in Physics”. 
__________________________ 
(*) «La sola possibilità di grandi scoperte in Fisica risiede nella eventualità che si riesca a modificare il nucleo interno dell’atomo. 

E questo sarà il compito veramente degno della Fisica futura».  
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VII  
 

THE FUTURE 
 

 
The Future 

• Complexity exists at all scales, including the Fundamental level 

• Past ≡ From Galilei to strange particles→SM&B  ok 

• Future ≡ Why not? 
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The Future 
COMPLEXITY EXISTS AT ALL SCALES, INCLUDING 
THE SUBNUCLEAR UNIVERSE 

The Logic of Nature allows the existence of a 
large variety of structures with their regularities and 
laws which appear to be independent from the basic 
constituents and fundamental laws of Nature which 
govern their interactions.  

But, without these laws it would be impossible to 
have the real world which is in front of us and of 
which we are part of. A series of complex systems 
is shown in Figure 9. 
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 Figure 9 
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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. 

The experimental evidences for the existence of Complexity 
are two: 

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

2) The Sarajevo-type effects, i.e. Unexpected Events of quasi 
irrelevant magnitude which produce Enormous Consequences 
(UEEC). 

The only certainty about Complexity is the existence of these 
experimentally observable effects.  

Nature tell us that AFB and UEEC exist at all scales, and 
therefore Complexity exists at all scales, as illustrated in Figure 10. 
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Figure 10 
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AFB PHENOMENA FROM BEETHOVEN TO THE 
SUPERWORLD 

 
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 the laws of electromagnetic 
phenomena whose advanced formulation is QED 
(Quantum ElectroDynamics).  

All mechanisms needed for life are, to a great 
extent, examples of electromagnetic processes. If 
QED was not there, Life could not exist. 
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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 Quantum ChromoDynamics (QCD), 
the fundamental force acting between quarks and 
gluons at the heart of the subnuclear world.  

Nuclear physics ignores QCD but all phenomena 
occurring in nuclear physics have their roots in the 
interactions of quarks and gluons.  
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In other words, protons and neutrons behave like 
Beethoven: they interact and build up nuclear 
physics without ‘knowing’ the laws governing 
QCD.  

The most recent example of AFB type 
phenomenon comes from the frontier of our 
scientific knowledge: the Superworld. What we call 
the World could apparently not care less about 
the existence of the Superworld, whose foundation 
is not in the four dimensional Space-Time but in a 
Superspace with 43 dimensions. 
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UEEC EVENTS, FROM GALILEI UP TO SM&B 

 
In Figure 11 there is  

a sequence of UEEC events  
from Galilei to Fermi-Dirac  
and the ‘strange particles’. 
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“UEEC” 
TOTALLY UNEXPECTED DISCOVERIES 

FROM GALILEI TO THE “STRANGE” PARTICLES  
 

I Galileo Galilei discovery of  F = mg. 
 

II 
 

Newton discovery of  𝐹 = 𝐺 !!  ∙  !!
!!"!

 .  
 

III 

 

Maxwell discovers the unification of electricity, magnetism and optical phenomena, which allows him to 
conclude that light is a vibration of the EM field. 

IV 
 

Planck discovery of     h ≠ 0 . 
 

V 
 

Lorentz discovers that Space and Time cannot be both real. 

VI 
 

Rutherford discovers the nucleus.  

VII 
 

Hess discovers the cosmic rays. 
 

VIII 
 

Dirac discovers his equation, which opens new horizons, including the existence of the antiworld. 
 

IX 
 

Blackett discovers the simultaneous production of (e+e−) thus giving life to the vacuum polarization effect. 
 

X 
 

Fermi–Dirac and Bose–Einstein discover two completely different statistical laws. 

XI 
 

The “strange particles” are discovered in the Blackett Lab. 
 

XII 
 

The existence of mesons with positive and negative strangeness is discovered in the Blackett Lab. 
 

Figure 11 
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Details can be found in my book whose front page is reproduced below.  
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Let me show  
few examples (Figure 12)  

where I have been involved  
in the construction of  

the Standard Model with 
Totally Unexpected Events. 
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➀ The 3rd lepton, HL (now called τ) with its own neutrino, νHL (now called ντ), 
 despite the abundance of neutrinos: νe and νµ. 
 

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

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

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

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

➅ Effective energy: the Gribov QCD-light 
 despite QCD-confinement. 
 

➆ The running of  α1 α2 α3 versus energy: 
 the EGM effect, the GAP between EGUT and ESU, and the absence of the 

Platonic straight line convergence. 
 

Figure 12 
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I will only show in Figure 13 
the incredible consequences  

due to the  
“Effective Energy”:  

a series of  
different initial states  

produce the same final states. 
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Figure 13: A list of initial states yielding multihadronic final states with the same properties, provided 
the “effective energy” is the same. 
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THE LESSON NEEDED FOR THE FUTURE 
 

FOR THE FUTURE 
WHAT IS TO BE 

EXPECTED 

? 
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We have proved that 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 [19–22] and [23].  

It turns out that Complexity in the real world exists, no 
matter the mass-energy and space-time scales considered. 

Therefore the only possible prediction is that: 
 
• Totally Unexpected Effects should show up.       
• Effects, which are impossible to be predicted 

on the basis of present knowledge. 
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We should be prepared with powerful 
experimental instruments, technologically at the 
frontier of our knowledge, to discover Totally 
Unexpected Events in all laboratories, the world 
over (including CERN in Europe, Gran Sasso in 
Italy, and other facilities in Japan, USA, China and 
Russia).  

All the pieces of our Physics could not have been 
discovered if the experimental technology was not 
at the frontier of our knowledge.  
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Example: the cloud-chambers (Blackett, 
Anderson, Neddermeyer), the photographic 
emulsions (Lattes, Muirhead, Occhialini, Powell), 
the high power magnetic fields (Conversi, Pancini, 
Piccioni) and the powerful particle accelerators and 
associated detectors for the discovery – the world 
over – of the SM&B.  

This means that we must be prepared with the 
most advanced technology for the discovery of 
totally unexpected events like the ones found in the 
Blackett group, from (e+e−) production to strange 
particles.  
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The mathematical descriptions, and therefore the 
predictions – for new phenomena to be discovered 
in the field opened by the given UEEC event – 
come after the UEEC event, never before. 

 

Recall:  
 

• The discoveries in Electricity, Magnetism and Optics (UEEC). 
• Radioactivity (UEEC). 
• The Cosmic Rays (UEEC). 
• The Weak Forces (UEEC). 
• The Nuclear Physics (UEEC). 
• The Strange Particles (UEEC). 
• The 3 Columns (UEEC). 
• The origin of the Fundamental Forces (UEEC).  
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VIII  
 

CONCLUSIONS  
FROM BLACKETT  

TO PRESENT DAY PHYSICS 
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Figure 14 
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Figure 15 
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Figure 16 
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We are sure that it is necessary to go beyond the Standard Model whose five basic steps 
are reported in Figure 17. Where can SM&B come from? A possible answer is in Figure 18 
which illustrates the consequences of introducing αG of the gravitational forces. The note 
below is needed for the symbols used in Figures 17 and 18. 

 

 
NOTE 

q ≡  quark and squark; 
l  ≡  lepton and slepton;  
G ≡  Gauge boson and Gaugino; 
H ≡  Higgs and Shiggs; 
mF  ≡  Fermi mass scale; 
mP  ≡  Planck mass scale; 
k ≡  quadrimomentum; 
C ≡  Charge Conjugation; 
P ≡  Parity; 
T ≡  Time Reversal; 
≠ ≡  Breakdown of Symmetry Operators; 
RGEs ≡ Renormalization Group Equations; 
GUT ≡ Grand Unified Theory; 
SUSY ≡ Supersymmetry; 
RQST ≡ Relativistic Quantum String Theory; 
SSB ≡ Spontaneous Symmetry Breaking. 
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SM&B 
THE STANDARD MODEL AND BEYOND 

THE FIVE BASIC STEPS NEEDED FOR SM&B 
 

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.  

 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). 

 

➁  All forces originate in the same way: the gauge principle.  
 Gauge Principle  (hidden and expanded dimensions). 

— How a Fundamental Force is generated:  SU(3); SU(2); U(1) and Gravity. 
 

③  Imaginary masses play a central role in describing nature: SSB & Confinement. 
 The Physics of Imaginary Masses:  SSB. 

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

SU(3)× SU(2)×U(1) produces Monopoles.  
— The Imaginary Mass in  SU(3)c  generates Confinement. 

 

④  The mass-eigenstates are mixed when the Fermi forces come in: the matrix describing the mixing is the product of two 
fundamental matrices.  

 Flavour Mixings  &  CP ≠   , T ≠   (direct ≠ , not via SSB). 
— Why the mixing is there? No need for it but it is there. 

 

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. 

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

Figure 17 
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 Figure 18: This Figure illustrates the energy dependence of all couplings, including the gravitational one. In the 
pre-Big-Bang region all couplings are controlled by the dilaton (αU). The gravitational coupling αG has the extra 
factor 𝐸! 𝐸!"!   [24].  It should be pointed out that the introduction of αG makes the three α1 α2 α3 looking like a 
single line in Figure 18 (left bottom). See Figure 4 to compare α1 α2 α3 with Figure 18. 
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SM&B TELLS US THAT ELN IS NEEDED 

A view of the 300 km ring. 
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ELN is the Euroasiatic Long Intersecting Storage Accelerator, a (pp) 
collider (300 Km ring) able to reach the highest energy and luminosity 
[25]. ELN could be built with simple extrapolation of the presently 
known technologies.  

The ELN project is very ambitious but we should be encouraged by 
our previous experiences. 

In fact, the path leading to the ELN project had to go through the 
Gran Sasso project, now the largest and most powerful underground 
Laboratory in the world, the LEP-white-book, which allowed this great 
European venture to overcome the many difficulties that had blocked its 
implementation during many years, the HERA collider, now 
successfully completed, the roots of LHC as, for example, the 27 Km 
long (rather than the 13 Km initially planned) LEP tunnel whose 
dimensions are big enough for two colliders (not only for the (e+e−) 
initially planned) and the LAA-R&D project, implemented to study the 
detector technologies needed for the LHC. 
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These past achievements in project realization 
are mentioned in order to corroborate my optimism 
and enthusiasm in encouraging new actions and new 
ideas for the future of Subnuclear Physics in 
Europe and in the world, all having as focus 
CERN, the greatest Subnuclear Physics Lab in the 
world. 

The present status of Science is reported in 
Figure 19.  

It could be that Science will be mathematically 
proved to be ‘NP-complete’. This is the big question 
for the immediate future [26].  
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Figure 19 
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It is therefore instructive to recall what I learned 

when I joined the Blackett group: how Science fits in 
the whole of our knowledge as reported in Figure 8 
(pages 56, 58 and 130) and Table 3 (pages 55 and 
131) where the Blackett interest in understanding the 
Logic of Nature was given in terms of Science and 
History. All this started in the middle of last century. 
Nowadays is one of the biggest problems to 
understand how and why the Logic of Nature allows 
to go from the lowest limit of Complexity, Science, 
to the highest limit of Complexity, History. 
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Figure 8 
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  Table 3 
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«ETTORE MAJORANA» FOUNDATION AND CENTRE FOR SCIENTIFIC CULTURE 
INTERNATIONAL SCHOOL OF SUBNUCLEAR PHYSICS 

Patrick M.S. Blackett Scholarship and Diplomas from 1974 
 

1974 Jonathan Schonfeld, Princeton University, Princeton, NJ, USA 
1975 Michael E. Peskin, Cornell University, Ithaca, NY, USA 
1976 William J. Marciano, Rockefeller University, New York, USA 
1977 William Celmaster, Harvard University, Cambridge, MA, USA 
1978 Anthony D. Kennedy, University of Sussex, Brighton, Sussex, UK 
1979 Paul Ginsparg, Cornell University, Ithaca, NY, USA 
1980 Enore Guadagnini, University of Pisa, Italy 
1981 Jay L. Banks, Ohio State University, Columbus, OH, USA 
1982 Leonardo Castellani, State University of New York, Stony Brook, NY, USA 
1983 Robert H. Bernstein, University of Chicago, IL, USA 
1984 Rosario Nania, CERN, Geneva, Switzerland 
1985 Gerard Gilbert, The University of Texas, TX, USA 
1986 Andrea Pasquinucci, University of Milano, Italy 
1987 Jun Liu, University of Texas at Austin, TX, USA 
1988 Gerjan Bobbink, NIKHEF, Amsterdam, The Netherlands 
1989 Bindu A. Bambah, Panjab University, Chandigarh, India 
1990 Mark Wexler, Princeton University, Princeton, NJ, USA 
1991 Matthias Neubert, Universität Heidelberg, Heidelberg, Germany 
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1992 Rongzhi Liu, Caltech, Pasadena, CA, USA 
1993 Konstantinos Skenderis, State University of New York, Stony Brook, NY, USA  
1994 Nicola Fabiano, INFN-Frascati, Italy 
1995 Vladimir Anferov, University of Michigan, Ann Arbor, MI, USA 
1996 Stefan Schönert, Technische Universität, München, Germany 
1997 William E. Brown, University of Oxford, UK 
1998 Salvatore Mele, CERN, Geneva, Switzerland 
1999 Alan Marcus, Tel Aviv University, Israel 
2000 Arno Straessner, CERN, Geneva, Switzerland 
2001 Kristian Harder, DESY, Hamburg, Germany 
2002 Mark Ramtohul, University of Edinburgh, UK 
2003 Wolfgang Menges, DESY, Hamburg, Germany 
2004 Sevil Salur, Yale University, New Haven, CT, USA 
2005 Kazunori Hanagaki, Fermilab, Batavia, IL, USA 
2006 Paolo Aschieri, University of Piemonte Orientale, Alessandria, Italy 
2007 Mira Krämer, DESY, Hamburg, Germany 
2008 Zachary Marshall, Columbia University, New York, NY, USA 
2009 Mickey Guotai Chiu, Brookhaven National Laboratory (BNL), Upton, NY, USA 
2010 Mohd Danish Azmi, Aligarh Muslim University, Aligarh, India 
2011 Magnus Mager, CERN, Geneva, Switzerland 
2012 Max Zoller, Karlsruhe Institute für Tecnologie, Karlsruhe, DE 
2013 Silvia Nagy, Imperial College of London, UK 
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Details 
on heavy mesons with 

positive and negative strangeness 
discovered by the Blackett group 

can be found in 
the following paper. 
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The “Paul A.M. Dirac” Lecture Hall in the Blackett Institute  
during the International School of Subnuclear Physics 2013. 
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The “Paul A.M. Dirac” Lecture Hall in the Blackett Institute  
during the International School of Subnuclear Physics 2013. 
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The “Olof Palme” Discussion Hall in the Blackett Institute. 
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The “window” in the Discussion Hall of the Blackett Institute. 
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The spectacular view from the Discussion Hall in the Blackett Institute. 
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And now Professor George Zweig  
will recall what did happen  

50 years ago here. 
The Subnuclear Physics School was  
the only place where he was allowed  

to speak about something that  
was forbidden to speak about by  

the leader of Theory Division at CERN:  
Aces and Quarks. 

I am very proud to recall this case  
of scientific freedom which did happen here. 

 


