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It is a great pleasure for me to open the Session  
where the XL Anniversary of Supergravity is celebrated. 

The Ettore Majorana Medal has been awarded to 
Sergio Ferrara, Daniel Z. Freedman and Peter van Nieuwenhuizen,  

 
 
 
 

 

for their theoretical discovery of 
 

SUPERGRAVITY 
 

which predicts the existence of 
a fundamental Majorana particle  

with spin 3/2 
the Gravitino 

and opens the way for the  
Gravitational and Electromagnetic Forces 

not to produce divergences. 
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What follows is the projection on the axis of the 
experimental physicists of what has been boiling in the 
theoretical minds to produce Supergravity. The only 
formulae which will be written refer to the most exact 
study of the α1 α2 α3 running of the gauge couplings. 

This allows the value of  αGUT  to be known at  
 

EGUT  ≃  1016 GeV 
 

which is three orders of magnitude below  
 

EPlanck ≃ 1019 GeV, 
 

where the Big Bang should take place.  
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The existence of this energy Gap could give rise 

to the existence of Primordial Black–Holes. 
Nothing of all this could exist without 

Supergravity. The conceptual development of this 
field has attracted my attention and this is why at 
this School these topics have been discussed during 
many years. The projection on the experimental axis 
of the theoretical ideas has old origins. 

The reason why the Institute where we are is 
named Blackett has a profound motivation. 
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When I was six decades younger that now I was 
very lucky to become the youngest member of the 
most powerful experimental group in the world: 
Blackett’s group whose powerful detectors were 
placed at the highest Cosmic Ray Lab of Europe 
(3,480 meters above sea level). 

Thanks to Blackett the trigger was accepting 
interactions with energy above 10 GeV.  
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It took two years (1955–1957) to discover in the 
cloud chamber pictures of the Blackett group  
two events where the proof was given for the 
production of two heavy meson pairs (originally 
called V–particles,  later  θ–particles,  and finally 
K–mesons) with positive and negative 
“strangeness” charge. 

This was the key answer to the Fermi objection 
against the “theoretical proposal” for the existence 
of a new quantum number, called “strangeness” 
additively conserved like the “electric charge”. 
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Blackett was teaching the young fellows not to 
ignore what was boiling in the theoretical minds. 
Not because we have to believe in them but for the 
simple reason that they could be rights. 

This is the reason why I have devoted some of 
my free-time to follow the theoretical discovery of 
Supersymmetry followed by Supergravity, 
Superstring and, as you have heard this morning 
by Professor Duff,     “M-Physics”. 
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Since the students are 50% theorists and 50% 
experimentalists my contribution to celebrate the 
Fortieth Anniversary of Supergravity has the 
purpose of inviting the experimental component not 
to ignore what is boiling in a field which sooner or 
later should give us the proof that if the present 
theoretical ideas are not followed by the Logic of 
Nature, something even more interesting should be 
discovered. 

Let me start with a telegraphic synthesis. 
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SUPERGRAVITY AND SUPERSTRING 

 
started from very different physics 
concepts, but end up being equivalent, 
once the physics content of these two 
different approaches are carefully 
developed.    

And now we move to illustrate 
the Physics content.  
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FROM SUPERSYMMETRY TO SUPERSTRING 
 

We have emphasized that the unification of the 
gauge couplings needs SuperSymmetry: i.e. bosons 
and fermions on equal footing. This symmetry is also 
needed to keep the Fermi and the Planck scales 
separated (hierarchy). The amount of work in this field 
of theoretical speculations has been really impressive, 
during the last four decades.  

The sequence is as follows: SuperSymmetry and 
SuperGravity, String theory, SuperString theory. In 
what follows we try to report all that in a telegraphic 
way. At the end we discuss the physics background of 
SuperGravity and SuperString. 
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SUPERSYMMETRY AND SUPERGRAVITY 

 

Symmetry Operators in order to be of value for 
physics must not change with time: i.e. they must 
commute with the Hamiltonian. 

The existence of Symmetry Operators which 
commute with the Hamiltonian and lead to a 
different spin was not known. That such Symmetry 
Operators could exist was (1973) a big theoretical 
discovery, the author being Wess and Zumino [1].  

This is the first step of SuperSymmetry. 
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The next step was to make the Symmetry 
Operators local, i.e. to be free to make different 
transformations at different space-time points.  

This freedom generates the gauge bosons of 
SuperSymmetry, which include the graviton, i.e. a 
gravitational field coupled à la Einstein to a 
tensor field, and another particle called the gravitino 
(with spin = 3/2). As any half integer field, the 
gravitino cannot carry a long range force. This is 
how SuperGravity started. And it goes on since the 
graviton comes in with a set of particles which 
includes not only the gravitino, but also a spin 1 
particle, called the graviphoton.   
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The graviphoton attracted a lot of interest because 

it would generate what became to be known as 
antigravity.  

In fact, if a vector particle were gravitationally 
coupled, then we should expect to have not only 
attractive gravitational forces (as it is for the tensor 
field) but also repulsive gravitational forces.  

Experimental search for the existence of 
antigravity has failed — so far — to prove the 
existence of such a vector force in gravitation. 
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Note that SuperGravity is a theory which has 
a point-like mathematical formalism and puts 
bosons and fermions on equal footing.  

However SuperGravity has solitons as 
solutions of the equation of motion. Solitons 
are extended objects. This is how non point-
like structures enter in SuperGravity.  

And this is how SuperGravity is linked to 
SuperString theory.  
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Another relevant point is that, in (10 space + 1 
time) dimensions SuperGravity has no vector field, 
i.e. gauge forces as those needed for the standard 
model.  

If one dimension is compactified, this becomes 
a  coupling. P. Horava and E. Witten [2] have 
shown that, for the Heterotic String, SuperGravity 
in (10 + 1) dimensions is equivalent to SuperString 
theory in (9 + 1) dimensions plus a coupling. 
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We should not forget that ten years before (Feb. 1987) 
Mike Duff and collaborators, in a CERN preprint [3] and 
Phys. Lett. [3] showed the (10 + 1) origin of the type IIA 
String. The title is instructive  

 

“Superstring in D=10 from Supermembranes in D=11”. 
 

As you know the fellow who invented the membranes is 
Professor Duff. Whence we abandon the concept of a 
point for an extended object, the membrane is more 
appealing than the one dimensional String. This is why we 
have strongly supported Mike Duff. 
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STRING THEORY 
 

The basic idea of the string theory is that, instead 
of the concept of a point particle, one has an 
extended object. A string can be open with two 
ends, or closed with no ends. The most recent 
developments require compactification on a 
segment, thus not on a circle, closed string (see 
later). 

An important feature of a string is its tension 
which has the dimension of (ℓ)−2. Moreover, the 
string once it is stretched can vibrate and it can 
rotate.  
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 The conclusion is that a string has a lot of 
excitations, which cannot escape quantization.  
These excitations correspond to particles of 
different masses.   

Thus, string theory gives an infinite spectrum of 
particle masses, but has only one parameter:  the 
string tension.   

Since the gravitational constant is also 
dimensional and has to come out of the string 
theory, it is necessary that the string tension and the 
gravitational constant are closely related. 
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SUPERSTRING THEORY AND SUPERGRAVITY 
 

This is an extension of the string theory, which 
incorporates fermionic degrees of freedom.  

SuperString is a theory which starts with the 
mathematical structure of extended (non point-like) 
objects and puts bosons and fermions on equal 
footing, of course.   

SuperString has automatically a scale: the tension 
of the extended object, but needs a dimensionless 
gauge coupling.   
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It was immediately realized that the SuperString 
works at most with 10 bosonic dimensions 
(9 space + 1 time).  This is for two reasons.   

One is because we want no massless particles 
with spin higher than 2 " , since the highest 
massless spin particle known is the graviton.   

The second reason is because we need a scalar 
field.   

Scalar, in order to be sure that, whatever this field 
does, its effects will be Lorentz invariant.   

In eleven dimensions there is no massless scalar 
field.  
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The scalar field is needed in order to provide the 

dimensionless gauge coupling in the string theory.  
This gauge coupling is in fact the vacuum 

expectation value (vev) of the scalar field (called 
the dilaton).  

The fact that the vev of the dilaton must be ≠ zero 
is a very important result of string theory.  

The vev is undetermined, but the crucial point is 
that it must be ≠ zero, otherwise we would have no 
string gauge coupling. 
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On the other hand, a string being an extended 
object, it provides a fundamental length, which must 
be linked to the Planck length.  

In addition, string theory must have a 
dimensionless gauge coupling, otherwise we would  
have non interacting strings.  

 As discussed above, the SuperString gauge 
coupling corresponds to the vacuum expectation 
value of the dilaton field. It is this gauge coupling 
which is connected with the unified gauge couplings 
of the Standard Model  ( α1 α2 α3 ).   
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SuperString theory does not provide the 
fundamental length.  

This is derived from the Planck length.  
SuperString theory does not provide the vev of the 

dilaton.   
This is taken to be equal to αGUT at the EGUT scale.  
Since the only scale is the Planck scale, the 

particle masses are either zero or multiple of the 
Planck mass. The ordinary particles have to be in 
the mass-less sector.   

At the end we want the  
Standard Model to come out. 
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If the gravitational field has to come out 
as well, one must hope for a spontaneous 
compactification in which 6 of the 10 
dimensions curl up into small spaces, 
leaving four bosonic dimensions for the 
real space and time of our world.   

The problem arises: 
how the compactification has to be, in a 
circle (à la Kaluza-Klein) or in a segment?   
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The new development is that if we start with 

SuperGravity in (10 + 1) dimensions and 
compactify on a segment (not on a circle à la 
Kaluza-Klein), the end points of the segment each 
have 10 dimensions.   

This is SuperString theory in  (9 + 1)  dimensions 
plus a coupling as proved by Horava and Witten  
[2], quoted earlier.  

Imposing anomaly cancellation, gauge groups 
appear and these are E8 × E8.   
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It is the compactification into a segment and the 

condition of anomaly cancellation which produce 
the gauge groups E8 × E8.  

The compactification into a segment reduces the 
number of fermionic dimensions from 32 to 16.   

If the compactification were on a circle (à la 
Kaluza-Klein), the number of fermionic dimensions 
would remain 32.   
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Another important detail: the length of the 
segment gives the coupling.   

A long segment corresponds to a strong coupling;  
a short segment corresponds to a weak coupling for 
the SuperString theory.   

The last step is the compactification of the 6 
remaining bosonic dimensions in a Calabi-Yau 
manifold  [4, 5].   

This manifold has the property of reducing the 16 
fermionic dimensions into 4 fermionic dimensions 
(i.e. N = 1 supersymmetry) and giving rise to the 
gauge groups E8 × E8.  
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The E6 group contains SU(3) × SU(2) × U(1)  and 

this is the Standard Model. The group E8 remains 
hidden and all particles of our world are singlets.  

The particles of E8 communicate with the 
particles of the Standard Model via gravitational 
interactions.   

The hope is that this hidden E8 sector, 
gravitationally coupled to the Standard Model, is 
going to be the source of supersymmetry breaking  
[6].   
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An important detail is that, in general, the 6-
dimensional Calabi-Yau manifolds have the 
property that right and left handed states are not 
equal in number. Therefore parity violation is in the 
structure of space.   

This development is called Heterotic SuperString 
theory. 

One of the important points in the development of 
the Heterotic SuperString theory is that the number 
of families can be derived [7] from the topological 
properties of the Calabi-Yau manifold [8].  
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In other words, «why are there three families» has 
as answer another question: why that particular 
topological property in the Calabi-Yau manifold?   

The final result is that the sector of very light 
masses (compared to the Planck mass) is described 
by N = 1 SuperSymmetry, which needs, of course, 
to be broken. 

How?   
Hopefully, as mentioned above, by the heavy 

particle sector which is a sort of "shadow matter" 
which interacts with our world, described by the 
Standard Model, only via gravitation. 
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Another hope is to develop the SuperString theory 

not in a flat but in a curved space so as to look like 
Einstein theory from the very beginning. 

Once compactification is active, you find again 
particles which are very massive (compared to the 
Planck mass) and mass-less.   

These last ones must acquire small masses via 
some mechanisms, as for example, spontaneous 
symmetry breaking. 
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SUPERGRAVITY AND SUPERSTRING:  
THE PHYSICS BACKGROUND 

 
The physics of SuperGravity can be traced back to 

the observation that "bosons" and "fermions" are 
gravitationally coupled in the same way.  

Gravitation does not distinguish bosons from 
fermions.   

Matter made out of bosons and matter made out 
of fermions cannot be distinguished if we switch on 
gravity.   
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On the other hand, matter is made of fermions but 
can exhibit "bosonic" properties such as 
"superfluidity" and "superconductivity".  

In this last case, pairs of fermions  
(two electrons = the Cooper pairs) 

behave as bosons and electromagnetism exhibits 
the bosonic properties which are absent in standard 
QED: i.e. when spinors are coupled to the gauge 
boson of QED, not coupled among themselves to 
build up bosonic states. 
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In a sense, SuperGravity should have been 
discovered earlier since it is the counterpart of 
Superfluidity and of Superconductivity.  

Here matter exhibits "bosonic" properties.  
In SuperGravity, the gravitational forces 

exhibit "fermionic" properties. 
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THE PHYSICS OF SUPERSTRING 

 
can be traced back to the search for a 
fundamental length.   

How to connect the non point-like 
structure of the mathematical description of 
natural phenomena to physics is the great 
challenge.   

 



A. ZICHICHI – Fortieth Anniversary of Supergravity  

 36 

 
The big steps are, first, the discovery that the 

String-tension is a dimensional-full coupling and 
can therefore be connected with the Newton 
gravitational strength,  i.e.  m!"

!!.   
The second big step is that, in SuperString theory 

a gauge coupling comes out as the vev (vacuum 
expectation value) of a scalar field, the dilaton.   
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Thus, the non point-like description has 

the gravitational strength and a gauge coupling, in 
(9 + 1) bosonic dimensions.  

As discussed above, the most recent discovery is 
that, compactifying (10 + 1) dimensional 
SuperGravity on a segment, one obtains SuperString 
in (9 + 1) dimensions which allow to have N = 1 
SuperSymmetry and the Standard Model,  

 

SU(3) × SU(2) × U(1), with three families. 
 
 



A. ZICHICHI – Fortieth Anniversary of Supergravity  

 38 

 

How we can go  
from the Seven Quantities  

to the  
Superworld  

is illustrated in Figure 29. 
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Figure 29A  
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UNIFICATION  

OF ALL FORCES  
(SUPERSYMMETRY 

NEEDED)  
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Figure 31:  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 32. 
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THE UNIFICATION OF ALL FUNDAMENTAL FORCES AND THE EGM EFFECT  
 

The three lines (!!!!,  !!!!,  !!!!) in Figure 31 result from calculations executed with a 
supercomputer using the following system of equations:  

µ dα!dµ =  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 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 32 
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THE GAP 
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In the Gap 

the only Force of Nature 
is Gravity. 

Here only Primordial Black–Holes 
can be produced. 
This means that 

only mass energy 
and gravitation charges 

can exist [9] [10]. 
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 Figure 33: The GAP between EGUT  and  EPlanck . 
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WHY WE NEED THE SUPERSYMMETRY 
There are fundamental reasons making the superworld a need. 

1) The two energy scales, 1019 GeV (Planck) and 102 GeV (Fermi), must be kept separate. 
2) The gravitational attraction of light must be prevented from being infinite. Otherwise we 

could see neither the light from Stars nor our light. The “gravitino” (supergravity) allows the 
gravitational attraction of light to be finite. 

3) Gravitational attraction is powerful but it cannot be infinite. We would be stuck to the Sun. 
Space would not exist between Stars and Galaxies. Cosmic expansion would not exist. In 
order to have a finite gravitational attraction, theories are needed in which the Euclidean 
concept of point is abandoned. The point is replaced by a string. No more Point-like Theories 
but String Theories. These theories must be supersymmetric: the already quoted 
supersymmetry law (F ≡ B) must be valid in their mathematical structure. Otherwise 
“tachions” would appear. This is the origin of Relativistic Quantum String Theory (RQST). 

4)  If we want the unification of all fundamental phenomena – the synthesis of which is provided 
by three “gauge couplings”, α1 α2 α3 – running with the energy is needed. This “running” 
needs Supersymmetry. 

5) An interesting detail: “no scale-supergravity” is an infrared solution of RQST. This might 
allow to understand the extremely small value of the Cosmological Constant. 

6) Finally: why Three Columns and Three Forces? The answer to this question should come 
once we will be able to go from the compactification of the 43-dimensional superspace to our 
present world with (3+1) Space-Time dimensions. 

7)  Note: A big problem. Supersymmetry does not show up at our energy scale. Hence the 
problem arises to compute the energy above which the (F ≡ B) Law starts to act. Thanks to 
the EGM effect, this energy level is 700 times more accessible than thought so far. 
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