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Human	
  Body	
  

Oxygen	
   65%	
  

Carbon	
   18%	
  

Hydrogen	
   10%	
  

Nitrogen	
   3%	
  

Calcium	
   1.5%	
  

Phosphorus	
   1.2%	
  

Potassium	
   0.2%	
  

Earth	
  

Iron	
   35%	
  

Oxygen	
   28%	
  

Magnesium	
   17%	
  

Silicon	
   13%	
  

Nickel	
   3%	
  

Sulfur	
   3%	
  

Alluminum	
   0.4%	
  

Milky	
  Way	
  

Hydrogen	
   74%	
  

Helium	
   24%	
  

Others	
   2%	
  





All	
  the	
  Matter	
  we	
  are	
  made	
  of	
  
is	
  composed	
  by	
  just	
  

3	
  Elementary	
  Particles:	
  
Quark	
  Up	
  

Quark	
  Down	
  
Elettrons	
  

Atom	
  
Nucleus	
  

Electron	
  

Proton	
  

Quark	
  



Electromagnetic	
  Force	
  
(keeps	
  atoms	
  together)	
  	
  

Strong	
  Force	
  
(keeps	
  nuclei	
  together)	
  

Weak	
  Force	
  
(breaks	
  nuclei	
  apart)	
  



Neutrinos	
  from	
  Sun	
  	
  
70	
  billions	
  /cm2	
  s	
  

	
  
	
  

Big	
  Bang	
  Neutrinos	
  	
  
3000	
  billions	
  /cm2	
  s	
  

A	
  neutrino	
  crossing	
  the	
  Earth	
  
has	
  a	
  0.000001%	
  probability	
  

to	
  hit	
  something	
  



Standard	
  Model	
  Lagrangian 

It’s	
  the	
  function	
  describing	
  
all	
  the	
  microscopic	
  world	
  

Physics	
  
Chemistry	
  
Biology	
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^19↑40↓K  ^18↑4
0↓Ar  

neutrino 

positron 

 Beta+ decay 

Potassium-­‐40	
  is	
  a	
  natural	
  isotope	
  
ingested	
  when	
  drinking	
  mineral	
  water	
  

and	
  eating	
  bananas	
  

A	
  80	
  kg	
  weight	
  person	
  emits	
  
180	
  positrons	
  per	
  hour! 





Anti-­‐galaxies 

Should	
  antimatter-­‐made	
  galaxies	
  exist	
  we	
  would	
  see	
  huge	
  amount	
  of	
  radiation	
  
coming	
  from	
  the	
  clash	
  of	
  Matter	
  and	
  Antimatter	
  

Galaxies 

But	
  we	
  do	
  not	
  see	
  it!	
  
Antimatter	
  is	
  not	
  an	
  ingredient	
  of	
  the	
  Universe	
  

Universe	
  is	
  only	
  made	
  of	
  Matter	
  



Energy	
  required	
  to	
  
produce	
  antimatter	
  is	
  

much	
  higher	
  than	
  energy	
  
produced	
  by	
  its	
  
annihilation	
  

PET	
  (Positron	
  Emission	
  Tomography)	
  
Cancer	
  Diagnosis 

Positron	
  emitting	
  
radiopharmaceutical	
  

Annihilation	
  
photons	
  
detectors	
  





Amazingly	
  outermost	
  stars	
  orbit	
  faster	
  
Galaxies	
  are	
  immersed	
  in	
  cloud	
  of	
  matter	
  acting	
  gravitatonally	
  

but	
  not	
  emitting	
  any	
  kind	
  of	
  radiation	
  



Galaxy	
  

Dark	
  Matter	
  



General	
  Theory	
  of	
  Relativity	
  describes	
  Gravity	
  
as	
  a	
  geometrical	
  effect	
  of	
  the	
  curvature	
  of	
  the	
  space	
  
created	
  by	
  the	
  presence	
  of	
  matter.	
  
Light	
  is	
  bent	
  by	
  matter	
  as	
  well! 
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The	
  whole	
  Universe	
  is	
  immersed	
  in	
  a	
  
Dark	
  Matter	
  cloud!	
  





1916	
  -­‐	
  Einstein	
  believed	
  in	
  a	
  static	
  
Universe:	
  he	
  added	
  the	
  

Cosmological	
  Constant	
  (Λ)	
  to	
  his	
  
Field	
  Equation	
  to	
  obtain	
  stability	
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1929	
  -­‐	
  Edwin	
  Hubble	
  discovers	
  that	
  all	
  the	
  
galaxies	
  are	
  flying	
  apart	
  with	
  a	
  velocity	
  

increasing	
  with	
  their	
  distance:	
  
the	
  Universe	
  is	
  expanding!	
  

Einstein	
  will	
  say:	
  «that	
  was	
  
my	
  biggest	
  blunder» 



1.	
  Universe	
  is	
  expanding	
  and	
  cooling	
  
2.	
  Universe	
  has	
  a	
  finite	
  age	
  (13.7	
  billions	
  years)	
  

	
  

In	
  fact	
  we	
  see	
  a	
  dark	
  sky	
  at	
  night! 





In	
  1964	
  Arno	
  Penzias	
  and	
  Robert	
  Wilson	
  discover	
  
the	
  Cosmic	
  Microwave	
  Background	
  Radiation	
  

it	
  is	
  the	
  Big	
  Bang	
  eadiation	
  cooled	
  down	
  after	
  the	
  
expansion	
  of	
  the	
  Universe 



the	
  experimental	
  proof	
  of	
  the	
  Big	
  Bang	
  Theory	
  

a	
  picture	
  of	
  the	
  Universe	
  when	
  it	
  was	
  «only»	
  380,000	
  year-­‐old	
  
like	
  having	
  a	
  picture	
  of	
  a	
  80	
  year-­‐old	
  man	
  when	
  he	
  was	
  1	
  day-­‐old	
  



Big	
  Bang	
  
(beginning	
  of	
  space	
  and	
  time)	
  

	
  
10–30	
  s	
  

Cosmic	
  Inflation	
  
(very	
  fast	
  expansion)	
  

	
  
380000	
  years	
  

Microwave	
  Background	
  
Radiation	
  

	
  
400	
  million	
  years	
  

Formation	
  of	
  first	
  stars	
  
Expansion	
  slow	
  down	
  

	
  
13.7	
  billions	
  years	
  

Now	
  

INFLATION	
  

STARS	
  AND	
  
GALAXIES	
  

WE	
  ARE	
  HERE	
  

BIG	
  BANG	
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Tycho’s	
  1572	
  Type	
  Ia	
  
Supernova 



BIG	
  BANG	
  

INFLAZIONE	
  

STELLE	
  E	
  
GALASSIE	
  

ACCELERATING	
  
EXPANSION	
  

NOI	
  SIAMO	
  QUI	
  

In	
  1998	
  we	
  
discovered	
  that	
  the	
  
expansion	
  of	
  the	
  

Universe	
  is	
  
accelerating! 

INFLATION	
  

STARS	
  AND	
  
GALAXIES	
  

WE	
  ARE	
  HERE	
  

BIG	
  BANG	
  



There	
  must	
  be	
  an	
  
energy	
  opposing	
  to	
  

gravity:	
  
Dark	
  Energy 

Brian	
  
Schmidt 

Adam	
  
Riess 

Saul	
  
Perlmutter 

Nobel	
  2011 

Einstein	
  was	
  right! 
	
  

The	
  Cosmological	
  Constant	
  Λ	
  
must	
  be	
  reintroduced	
  

to	
  take	
  into	
  account	
  the	
  energy	
  
opposing	
  to	
  Gravityand	
  accelerating	
  

the	
  Universe	
  expansion 



0,025%	
  -­‐	
  Heavy	
  Elements	
  (C,	
  N,	
  O,	
  Si,	
  Ni,	
  Fe...)	
  

0,3%	
  -­‐	
  Neutrinos	
  

0,5%	
  -­‐	
  Hydrogen/Helium	
  in	
  Stars	
  

4,1%	
  -­‐	
  Intergalactic	
  Hydrogen/Helium	
  

27%	
  -­‐	
  Dark	
  Matter	
  

68%	
  -­‐	
  Dark	
  Energy	
  



Earth	
  fly	
  through	
  a	
  
Dark	
  Matter	
  wind	
  

	
  	
  
We	
  sail	
  downwind	
  in	
  Winter	
  
and	
  windward	
  in	
  Summer	
  

DAMA	
  Experiment	
  	
  
INFN	
  

Laboratori	
  Nazionali	
  del	
  Gran	
  Sasso	
  

Seasonal	
  modulation	
  of	
  detected	
  collision	
  

Dark	
  Matter	
  search	
  in	
  very	
  rare	
  
collisions	
  with	
  detectors	
  



Nothing	
  has	
  been	
  found	
  so	
  far	
  
	
  

Dark	
  Matter	
  mystery	
  is	
  far	
  
from	
  being	
  solved	
  

It	
  is	
  for	
  sure	
  an	
  important	
  
ingredient	
  of	
  the	
  Universe!	
  

Dark	
  Matter	
  search	
  in	
  
Matter-­‐Antimatter	
  collisions 

KLOE	
  Experiment	
  	
  
INFN	
  

Laboratori	
  Nazionali	
  di	
  Frascati	
  


