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10 000 l.y.



1 billion l.y.



The Big Bang Model
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Two “scientific revolutions” are the 

pillars of MODERN PHYSICS; both of 

them born about 100 years ago

Both  these theories are going far beyond 

the so-called “common sense” experience, 

and happened when physicists dared to 

look beyond

There two revolutionary theories are:

• Theory or Relativity
• Quantum Mechanics
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Used to describe 
behaviour of “bodies” 
moving with high 
speed (compared to 
light). 

Special relativity
– No object can move with 

speed higher than the light
– Mass and energy equivalence

E = m c2

General relativity
– Contains effects from gravity; 

related to black holes, 
Universe expansion and 
fate….

Einstein in 1905, age 26





Length contraction

• 10% speed of light



• 86% speed of light

Length contraction



• 99% speed of light

Length contraction



• 99.99% speed of light

Length contraction
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Describes the behaviour of 
“objects” which are very 
small (particles…)

Heisenberg uncertainty 
principle:

- better we know the position of an 
object, less we know its speed

To understand and 
describe particles, nuclei, 
atoms we need quantum 
mechanics and relativity 
(quantum field theory)

Heisenberg in 1925, age 24



Conferenza di Solvay (1927)







Does not 
include 
Gravity!



F.Riggi, Microcosmo e macrocosmo, Vacanze studio Gennaio 2002

7 mysteries in modern physics:

– what happened to antimatter?
– black holes – what happens inside?
– what are the dark matter and dark energy?
– quantum mechanics and the Schroedinger cat 
paradox – which is the solution?
– the neutron stars structure – is there place for 
strangeness inside?
– are there other Universes?
- are we alone in the Universe?



F.Riggi, Microcosmo e macrocosmo, Vacanze studio Gennaio 2002

7 mysteries in modern physics:
– what happened to antimatter?









The Big Bang history









CP violation (CPT)
Assymetry between “laws of 

matter and laws of antimatter” 



Large Hadron Collider





LHCb



The measured assymetry does not (yet) 
explain why all antimatter «died»



New theory:



F.Riggi, Microcosmo e macrocosmo, Vacanze studio Gennaio 2002

7 mysteries in modern physics:

– black holes – what happens inside?







General relativity





Relativita’ generale 

La materia dice allo spazio come 
curvarsi, lo spazio dice alla materia

come muoversi.



Relativita’ generale 

1919 – conferna relativita’ generale: Sir 
Arthur  Eddington (foto durante eclissi...)







Credit: Adam Apollo













Half: Rainer Weiss and the other half jointly to Barry 
C. Barish and Kip S. Thorne - LIGO/VIRGO Collb. 









Huge black holes
no spaghetificaton



Black Hole – mass about 17 billion times Solar mass









Quantum gravity?



F.Riggi, Microcosmo e macrocosmo, Vacanze studio Gennaio 2002

7 mysteries in modern physics:
– dark matter and energy



10 000 a. l.







1 miliardo a. l.





Dark Energy
73%

Dark Matter
23%

“Normal Matter”
4%







Relativita’ generale 

La materia dice allo spazio come 
curvarsi, lo spazio dice alla materia

come muoversi.
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7 mysteries in modern physics:
– neutron stars















DAΦNE, since 1998 



SIDDHARTA
SIlicon Drift Detector for Hadronic Atom Research by Timing Applications



The strong int. width > Radiative trans. width

Kaonic atom formation

K-

e-

Auger Electron

Nucleus

2) Cascade

1) Initial capture

3) Strong interaction

stopped in a target medium

4) Absorption

K- X-ray

Shift and Width
of last orbit

e.g. • 1s for K-p, K-d
• 2p for K-He

highly-excited state

deexcite

n ~ sqrt(M*/me) n’ ~ 25 (for K-p)
(M* : K-p reduced mass)

K-



F.Riggi, Microcosmo e macrocosmo, Vacanze studio Gennaio 2002

7 mysteries in modern physics:
– Schroedinger cat and parallel Universes







More Universes with different physics





String theory



String theory



10500 parallel universes









-De Broglie – Bohm

- Many-World Interpretations

-Collpse of the wave function

-.....



Many words interpretation



Underground Gran Sasso laboratory



Stawell underground laboratory
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7 mysteries in modern physics:

- are we alone in the Universe?













They are here
-UFO







Pioneer 10 (17-10-70) e 11

C. 
Sagan & 
F. Drake

















Feynman – The Value of Science, 1955
Out of the cradle
onto dry land
here it is
standing:
atoms with consciousness;
matter with curiosity. 

Stands at the sea,
wonders at wondering: I
a universe of atoms
an atom in the Universe







Feynman – Il valore della scienza
Fuori dalla culla
sulla terra asciutta
eccolo
in piedi:
atomi con la coscienza
materia con la curiosità.
In piedi davanti al mare
meravigliato della propria meraviglia: io
un universo di atomi
un atomo nell’universo

Pronti per esplorare la
Terra Incognita

della Fisica Moderna?



http://www.springer.com/physics
/applied+%26+technical+physics
/book/978-88-470-5240-6
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7+1 mysteries in modern physics:
– the fascinating neutrinos – which is their 
mass?



The Standard Model
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Neutrino Facts
Neutrino 
from Enrico 
Fermi
for “Little 
neutral one”

n flux on Earth 
from Sun

6.5×1014/(m2 s)

<E> ~ 0.3 MeV

Neutrino from 
sun will pass 
through 5 LY of 
solid lead, with 
50% chance of 
interacting

Average number 
of solar neutrinos 
interacting in a 
person per year 

£ 30!
£ 1 with ‘real 

energy’
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Neutrino sources

Sun:
p + p ® d + e+ + ne
8B ® 8Be + e+ + ne

2×1038 s-1

Nuclear power reactors
~1020 s-1

Cosmic Rays
~100 m-2 s-1

Uranium & Thorium  
from Earth crust

~ 5×1010 s-1 m-2 
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BOREXINO at LNGS






