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The four pillars of relativistic astrophysics

• Supernovae
• Neutron stars
• Black holes
• GRBs



Pulsars and 
Neutron stars 
rotational 
energy

Chinese, Japanese, 
Korean astronomers
(1054 A.D.)

R. Oppenheimer &
R. Volkoff (1939)

J. Bell & T. Hewish 
(1967)

UHECRs
(2000-2011)

AGILE Flare (2011)
Open issue: the 
emission of the 

remnant.



  

Crab Nebula Pulsar



  

Einstein, Yukawa and Wheeler:
the birth of Relativistic Astrophysics



  

Princeton, 1971



  



  



  

Uhuru satellite (1970-1973)

X-Ray: 2-20 keV



  

Cen-X3



  

The identification of the 
first black hole in our 
galaxy: Cygnus X-1

 = 1037 erg/s = 104 L 
   = 0.01(dm/dt)accc2

 Absence of pulsation due to 
  uniqueness of Kerr-Newmann 
  black holes

 M > 3.2 M 

Leach & Ruffini, 1973



  

Cressy – Morrison award (NY, 1973)



  

Giacconi, 
Sweden
(2002)



  

Mirabel & 
Rodriguez

(1992, 1994)



  

X-Ray: 3-12 keV
Gamma: 150-750 keV

(60s-70s)
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CGRO – BATSE (1991-2000)
Gamma: 20-2000 keV



  



  

BeppoSAX (1996-2002)
GRBM: 40-700 keV
WFC: 2-26 keV
NFI: 2-10 keV



  

Swift (2004- )
BAT: 15-150 keV
XRT: 0.3-10 keV



  

Fermi (2008- )
GBM: 8 keV-40 MeV
LAT: 20 MeV-300 GeV



  



  

The four pillars of relativistic astrophysics 
and the “Cosmic Matrix”

• Supernovae
• Neutron stars
• Black holes
• GRBs

In the
“Cosmic Matrix”



  



  



  Rueda & Ruffini, ApJL (2012)
Izzo, Rueda, Ruffini, A&AL (2012)



  

S-Matrix vs. Cosmic Matrix



  

Cosmic Matrix for short GRBs



  

Short GRBs < 1052 erg



  See M. Muccino's talk in session GB5-A on Thursday, July 16
and Y. Wang's talk in session GB5-B on Friday, July 17



  

Short GRBs > 1052 erg



  

Short GRBs > 1052 erg



  



  



  

Cosmic Matrix for long GRBs



  



  

See Y. Wang's talk in session GB5-B on Friday, July 17



  



  

Long GRBs > 1052 erg



  

Ruffini, Wang, Enderli et al. 2015, ApJ, 798, 10



  



  

Long GRBs > 1052 erg



  



  



  



  



  



  

Wang et al. Talk in session GB5 on Friday



  

Wang et al. Talk in session GB5 on Friday



  

Wang et al. Talk in session GB5 on Friday



  

Long GRBs > 1052 erg



  



  

Fireshell vs. Fireball



  

Conclusions on the GRBs
The traditional approach of considering a GRB as a single astrophysical process 
describable by a time integrated description was initially justified in view of its short 
duration estimated in a few seconds. With the increase of informations in the spectral 
distribution and time evolution obtained from the most powerful telescopes on earth  
(KECK, VLT, Gemini, Faulkes, Herschel, Newton, ...)  and satellites  (including Beppo-
SAX, Swift, Fermi,Agile ...) the enormous energetics of GRB sources has been evidenced 
and the  appropriateness of a time resolved analysis has surfaced and a much more 
composite picture of the GRB phenomena has emerged.

The essential process at the core of a GRB phenomenon is the formation of a Black 
Hole, which is generally preceded and followed by distinctly different astrophysical 
phenomena, each describable within a  “Cosmic Matrix” related to the nature of the 
progenitors.

A variety of astrophysical scenarios are describable in each “Cosmic Matrix” involving: 
as “in” states, various binary systems composed of combination of neutron stars, white 
dwarfs, Supernovae at their onset; as “out” states, a newly born neutron star (v-NS) a 
massive Neutron Star or a newly born Black Hole. Although the name of GRBs has been 
traditionally used for all these different matrices, only the ones involving the newly 
forming Black Hole should strictly be indicated as GRBs.

The necessary but not sufficient condition for the GeV emission is the formation of a 
newly born Black Hole 



  

Conclusions on the Black Hole 

The approach to a black hole takes place along a very long path, 
strictly marked by a precise sequence of events. They follow one 
another with increasingly pressing rhythms: each is marked by a 
different phase of gravitational collapse. As the path proceeds, the 
influence of general relativity becomes more and more 
pronounced. One finally reaches the birth of the “black hole”, 
completely and uniquely carved into the structure of space-time.

It is as if Nature chose to create a path that only people who can 
benefit from their knowledge of Einstein’s general relativity can 
recognize: the pauses, the succession of events, the final blackholic 
energy release and fully perceive the uniqueness of this cosmic 
event, second only to the birth of the Universe.
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