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COMPLEXITY AND NEW PHYSICS  
ANTONINO ZICHICHI 

 

ABSTRACT 
 

Complexity is ill-defined: more than 60 definitions of 
Complexity exist. The simplest one is in contradiction with the 
Logic of Nature. Two examples are given: GUT and 
Supersymmetry. The fundamental property of Complexity is 
the number of experimental evidences for its existence: only 
two, AFB & UEEC.  

Both of them exist at the two extreme levels of Complexity: 
the highest one (History) and the lowest one (Science).  

Complexity exist, no matter the energy and other properties 
into play. It is therefore crucial to know what Complexity can 
tell us on the existence of New Physics. 
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Complexity  

and  
New Physics. 
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How it happens that  

Complexity  
brings us  

to think about  
New Physics. 
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Let us  
first review  

what is  
Complexity. 
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Then we will see  
what Complexity  

can tell us  
about  

New Physics. 
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There are  
many  

definitions of  
Complexity 
  ≳ 60. 
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The one  
I like most  

is the following.  
The author  

is Gerardus 't Hooft. 
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DEFINITION NUMBER 2  (Gerardus 't Hooft) 

 
Bad ones: 

1) Chaos. 
2) The need for lengthy calculations. 
3) The need for many distinct variables. 

Better ones: 
4) Unexpected difficulty when attempting to describe 

something in a precisely formulated theory. 
5) What is left over after all systematic approaches 

failed. 
But it could also be that: Complexity is an excuse for sloppy 
thinking. 
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The simplest one: 
Complexity  

is  
the opposite  

of  
Simplicity. 
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1st Question:  
 

Does the  
Logic of Nature  

prefer  
Simplicity? 
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Here is the answer  

coming from  
Supersymmetry.  
How many times  

Nature needs to violate Simplicity  
in order to have  
Supersymmetry 

in the real world? 
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   Figure 12 
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The crucial point is that 
the number 

of experimental evidences 
for the 

existence of Complexity 
is two. 
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What about the  

Deviations from Simplicity  
needed in order to have  

GUT  
≡ the Unification of 
the Gauge couplings 

 𝛼!, 𝛼!, 𝛼!. 
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Here is the answer. 
 

The simplest way to get GUT (the point where all 
fundamental forces are together: Grand Unification 
Theory) would be the straight line. But the real world 
does not follow this “platonic” straight line (blue 
points) Figure 16).  

The sequence of points (the big red points), in steps 
of 100 GeV, is very different 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 17. 
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PLATONIC VERSUS REAL GUT 

 Figure 16 

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

The Platonic GUT is the straight line of the “dotted” blue points.  
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THE UNIFICATION OF ALL FUNDAMENTAL FORCES 
A more extensive way to illustrate GUT is reported in Figure 18, where the three 

lines (𝛼!!!,   𝛼!!!,    𝛼!!!)  are the 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 three 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 effect 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 17  
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 Figure 18: 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 17. 
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The first time where it was pointed out 
that Supersymmetry is needed for the 
convergence of the gauge couplings, 

 

𝛼!!!;      𝛼!!!;   𝛼!!!  , 
 

is at the EPS Conference, Geneva 1979, 
Proceedings; and Nuovo Cimento 
Rivista 2 (1979) 1 (A. Zichichi) [1]. 
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We have been engaged to look for the lightest 
Supersymmetric particle (LEP). Unfortunately 
no evidence from LHC (so far). 

The novelty is Holism. If this was a correct 
solution the Reductionism which has produced 
SM&B should be over: we should introduce 
Holism in our research work.  

How the Logic of Nature goes from the Basic 
Quantities to History is illustrated in Figure 21.  



 21  Figure 21 
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The reason for introducing “Holism” is 

the interaction with the environment. 
But the interaction with the environment 
starts at the level of Proteins. 
Nevertheless the new guiding line 
should be, according to many fellows, 
Complexity. 
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The  
Logic of Nature  

does not follow the 
asymptotic lowest degree 

of Complexity: 
Simplicity.  
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Basic Question:  

Despite the more than  
60 definitions of Complexity  

how many classes  
experimental evidences  
exist for Complexity?  

The answer is only TWO. 
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No matter  
what is the field  

where  
Complexity exist  

as reported in Figure 26. 
  



 26 Figure 26 
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The only certainty  
about Complexity  

is the existence of the  
two experimentally  
observable effects:  
AFB and UEEC. 
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Let us discuss 
 the so-called 

 AFB phenomenology  
(Anderson-Feynman-Beethoven). 
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Anderson  
because he published a one page long paper in 1972. 

Feynman  
because in 1972 he told to me at Fermi-Lab,  

during the World Physics Conference,  
that we should discuss this problem  

at the Subnuclear Physics School in Erice.  
Feynman did not know the Anderson paper,  

but he realized that a problem had to be solved.  
Exactly the problem discussed  
by Anderson in his short paper. 
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Why Beethoven?  
 

Because I wanted to let  
everybody understand  
what the problem is.  
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Beethoven and the laws of acoustics. 
Beethoven could compose 

superb masterpieces of music 
without any knowledge of 

the laws governing acoustic phenomena. 
But these masterpieces 

could not exist if 
the laws of acoustics were not there. 
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The Problem of Minimal Life and QED. 
 

To study the mechanisms governing the smallest 
possible living cell, people working in the field 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. 
  



 33 

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.  

In other words, protons and neutrons behave like 
Beethoven: they interact and build up nuclear physics 
without any clear link with the laws governing QCD.  
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The world where we are and the Superworld 
 

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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And now let us see  

what are the  
UEEC events. 
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UEEC events and Nuclear Physics – The Yukawa goldmine 
Let me dedicate some attention to discuss UEEC events in nuclear 

physics. 
It is considered standard wisdom the fact 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’ [2] on the occasion of the centennial celebration of the 
birth of Hideki Yukawa in Japan.   

The opening Ceremony had the great honour of the presence of the 
Emperor and the Empress. 

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:  

π → µ → e 
was found to break the symmetry laws of Parity 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. 

None of these three UEEC events was predicted. 
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The UEEC (Unexpected Events which produce  
Enormous Consequences)  

has been invented by Historians  
who realized that History  

is dominated by UEEC events.  
The most spectacular one being Sarajevo.  
As you know on 28 June 1914 in Sarajevo  

a man has been assassinated.  
Many Celebrations in Sarajevo are still going on  
to celebrate the 100th Anniversary of this event 
from which the 1st World War was generated. 

Historians call Sarajevo-type events  
all UEEC events which have occurred in History. 
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What is History?  
The highest level,  

the Asymptotic limit,  
of Complexity. 
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Question:  
Does the lowest  

limit of Complexity  
exist?  

The answer is YES.  
This limit is Science. 
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Following  
the definition of  
Enrico Fermi,  

the queen of all Sciences  
is Physics. 
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And here comes a  
very interesting point:  
Do these two extreme 
limits of Complexity  

share common properties?  
The answer is YES. 
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History and Science  
share the same 

experimental evidence: 
UEEC events  

and  
AFB phenomenology. 
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Fig. 43 illustrates what we have said: 
UEEC and AFB are present in History and in Science. 

Fig. 43 
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AFB phenomenology has been reported  
for cases much simpler than History,  

like Beethoven and  
the problem of minimal life.  

What happens in History does not appear  
as being related with the Logic of Nature 

discovered by Science.  
But without the Laws  

discovered by Science,  
History could not exist.  

For Science, Nuclear Physics with  
the Yukawa goldmine is the best proof. 
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Historians know that in 1932  
the first example of  

“Virtual” effect  
has been discovered.  

The simplest example being the  
Lamb-shift  

discovered in 1947. 
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Virtual effects:  
no instrument – the most powerful we 

can imagine – can ever observe 
 “directly the effect”.  

Nevertheless this “Virtual effect”  
does generate reproducible phenomena,  

the most spectacular one being the  
anomalous magnetic moment  
of the electron:  the (𝑔 − 2)!. 
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History and Science 
have a property 

which is common 
to both of them: 

Evolution. 
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In fact 
 

• History is defined to be EWRL ≡ 
Evolution of the World in its Real Life. 

 

• Science is defined to be EBUS ≡  
Evolution of our Basic Understanding  

of the laws governing the world  
in its Structure. 
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Historians say that if any UEEC 
 would not have taken place 

present History  
would be different.  

This is what they call  
Virtual History. 

With Science we will see that  
this is not true. 



 50 

 

Virtual Physics exists. 
Does Virtual History exist? 

According to 
Historians 

the answer is yes, 
as shown on Figure 51. 
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UEEC EVENTS IN HISTORY AND IN SCIENCE 

Figure 51 
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Can New Physics  
be theoretically predicted  

from the  
knowledge  

of Virtual Physics?  
The answer is NO. 
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Theoretical predictions can be formulated 
always After but never Before the unexpected 

discovery, UEEC-event, has occurred.  
Recall the 200 years of discoveries in  

Electricity, Magnetism and Optics:  
a series of UEEC events.  

It is after all these UEEC events that Maxwell 
was able to find his famous 4 equations. 

Now we have QED whose predictions are there  
after all UEEC allowed  

the latest version of QED to be formulated. 
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Let us be clear: 
Virtual History is totally different from Real 

History. If a UEEC event had not occurred the 
History in our world would be different. 

Virtual Physics is exactly the Physics of our world 
including what will be discovered in the next 
millennia. If Planck had not discovered ℎ ≠ 0 

somebody else would have discovered it. No matter 
what UEEC event we can pick up from Figure 51, 
sooner or later this UEEC event would have been 
discovered. Virtual Physics is the most rigorous 
mathematical formulation of all we have so far 

experimentally been able to find. 
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What Complexity tells us is that  
New Physics  

is over, at the very most, 
of what you believe is the  
frontier of our knowledge.  
The most advanced frontier  

of our  knowledge is what we call 
SM&B 

as illustrated in the following Figure 56. 
 
  



 56 Figure 56 
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Old examples.  
No Physicist had the idea of 
proposing that (Space–Time)  
had to be a complex quantity.  

This was discovered by H. Lorentz  
after reflections on the properties  

of the 4 Maxwell equations. 
 



 58 

Dirac started to think about  
his equation because  

he wanted to provide the reason why 
the “electron” discovered  
by J.J. Thomson in 1897  

was not a scalar particle but  
a particle with spin.  

Why the spin was there?  
From trying to find the solution for 
this problem came the antielectron. 
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Why in 1964 (Englert, Brout, Higgs, 
Guralnik, Hagen, Kibble) proposed  

the existence of an  
imaginary mass in the Lagrangian?  

Because they wanted to explain   
why all known particles  
(with 𝑚 = 0 and 𝑚 ≠ 0)  

were never scalar on Lorentz Space-Time  
and in all other possible 

intrinsic Space you can imagine. 
 
  



 60 

All we can be sure  
of is that we must be 

technologically powerful 
in order to find something 

which no one is  
at present able to predict. 
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Recall all  
UEEC events  

from  
Galilei 

to  
SM&B. 
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UEEC EVENTS, FROM GALILEI UP TO SM&B 
In Figure 62 there is a sequence of UEEC events from Galilei to Fermi-Dirac and the 

“strange particles”. In Figures 63, 64, 65 from Fermi-Dirac to the construction of the 
Standard Model. The Standard Model and Beyond (SM&B) has already been discussed. 

Figure 62 



 63 Figure 63 



 64 

 
 

 
 

 
 

Figure 64: Details from Figure 63, concerning SU(2)L and U(1)Y. 
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Figure 65: Details from Figure 63, concerning SU(3)c. 
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Reductionisms  

is the only way we have  
to investigate the  
Logic of Nature. 

 

  
***  ***  ***  *** 

 

***  ***  ***  *** 
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CONCLUSION 
 

Complexity in the real world exists, no matter 
the mass-energy and space-time scales 
considered [3]. 

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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Recall the technology  
from Blackett (1932) 

 (𝑒!𝑒!)  
in Cosmic rays  

using Wilson Chambers  
up to MRPC (2014) 

with 20ps ≡ ΔT ≡ World Record [4]. 
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