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Vela satellites and GRBs (60s-70s)
X-Ray: 3-12 keV
Gamma: 150-750 keV



  

The new era: the launch of Beppo Sax on April 30, 1996



  

The Binary Nature of GRBs
The first successful proposal of relating a GRB to an astrophysical cosmological source came from the 
vision of Zoltan Paczynski and his school who identified the progenitors of short GRBs with merging 
binary NS (see, e.g., Paczynski 1986; Eichler et al. 1989; Narayan, Piran and Shemi 1991, 1992; Mao & 
Paczynski 1992; Narayan, Paczynski and Piran 1992). These results were later confirmed, after 
BeppoSAX, by Li & Paczynski (1998, 2000, 2006); see also the review by Berger (2014).

The traditional long GRBs model, as recalled in Zhang 2018, was introduced by Rees & Meszaros 
(1992); Mészáros & Rees (1997), and Woosley (1993) based on a single star, a BH, as the origin of GRBs 
emitting an ultrarelativistic blast wave with Lorentz Gamma Factor of ~103 (Blandford & McKee 1976). 
The kinetic energy of such ultrarelativistic blast wave released by slowing down in the circumburst 
medium were assumed to give originate all GRBs emissions by synchroton at distances of 1016 - 1018 
cm (Waxman & Piran 1994; Sari & Piran 1995; Sari et al. 1998).

In our approach we assume that all long GRBs, not only the short GRBs, originate from binary 
systems. These binaries are composed of different combinations of CO-stars, neutron stars (NS), white 
dwarfs (WD), black holes (BH) and new neutron stars νNS. Only in some of these subclasses the 
presence of a BH occurs (see e.g. Ruffini et al. 2016b, 2018a; Wang et al. 2019). Three subclasses are 
the BdHNe  originating from a Co Core and the Companion NS binary, for selected binary periods. Each 
GRB emission originates generally from mildly relativistic process in specific and different GRB 
episodes. 
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The Fermi Gamma-ray Space Telescope is a 
NASA space observatory being used to perform 
gamma-ray astronomy observations from low 
Earth orbit.  Fermi observes light in the photon 
energy range of 8,000 electronvolts (8 keV) to 
greater than 300 billion electronvolts (300 GeV).  
It intend to perform an all-sky survey studying 
astrophysical and cosmological phenomena such 
as active galactic nuclei, pulsars, dark matter, and 
gamma-ray bursts.

Credit:  NASA, Wikipedia

Fermi Gamma-ray Space Telescope
S A T E L L I T E



The Very Large Telescope array 
(VLT) is the flagship facility for 
European ground-based 
astronomy at the beginning of the 
third Millennium. It is the world's 
most advanced optical instrument, 
consisting of four Unit Telescopes 
with main mirrors of 8.2m diameter 
and four movable 1.8m diameter 
Auxiliary Telescopes. 

Very Large Telescope (VLT)
T E L E S C O P E
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Neil Gehrels Swift Observatory
S A T E L L I T E

Swift is NASA space satellite. It is the first 
multi-wavelength observatory dedicated to the 
study of gamma-ray-burst (GRB) science. Its 
three instruments work together to observe 
GRBs and afterglows in the gamma-ray, X-ray, 
ultraviolet, and optical wavebands. Swift 
monitors the sky for new GRBs with a wide-
field detector, localizes their positions onboard, 
and autonomously reorients itself to observe 
the new burst quickly with its other telescopes. 

Credit:  NASA



Major Atmospheric Gamma Imaging Cherenkov telescope (MAGIC)
T E L E S C O P E

MAGIC (Major Atmospheric Gamma Imaging 
Cherenkov Telescopes) is a system of two 
Imaging Atmospheric Cherenkov telescopes 
situated at the Roque de los Muchachos 
Observatory on La Palma, one of the Canary 
Islands, at about 2200 m above sea level. 
MAGIC is a system of two 17m diameter, 
F/1.03 Imaging Atmospheric Cherenkov 
Telescopes (IACT). They are dedicated to the 
observation of gamma rays from galactic and 
extragalactic sources in the very high energy 
range (VHE, 30 GeV to 100 TeV).

Credit:  Max Planck Institue, Wikipedia



Hard X-ray Modulation Telescope 
(HXMT)

S A T E L L I T E

The Hard X-ray Modulation Telescope (HXMT) , named "Insight", 
is China’s first X-ray astronomy satellite. There are three main 
payloads onboard Insight-HXMT, the high energy X-ray telescope 
(20-250 keV, 5100 cm2), the medium energy X-ray telescope (5-
30 keV, 952 cm2), and the low energy X-ray telescope (1-15 keV, 
384 cm2). The main scientific objectives of Insight-HXMT are: (1) 
to scan the Galactic Plane to find new transient sources and to 
monitor the known variable sources, (2) to observe X-ray binaries 
to study the dynamics and emission mechanism in strong 
gravitational or magnetic fields, and (3) to find and study gamma-
ray bursts with its anti-coincidence CsI detectors.

Credit:  Tsinghua, IHEP, CAS



  



  



  

Spectrum of SN-rise

Spectrum of UPE phase

Spectrum of Cavity



  

The 
Papapetrou

Wald 
Solution

Details in Ruffini et al. 
ApJ 886 (2019) 82



  



  



  

J. A. Rueda et al 2020 ApJ 893 148



  



  

Time-resolved analysis of GRB 190114C_ UPE phase



  

Time-resolved analysis of GRB 190114C_ UPE phase



  

The rotational energy extraction
from the Kerr BH: GRB 180720B



  



  

FERMI-GMB, Fermi-LAT, Swift-BAT, Swift-XRT and 
H.E.S.S. observations of GRB 180720B



  

Time-resolved spectral analysis of UPE phase of GRB 180720BTime-resolved spectral analysis of UPE phase of GRB 180720B

Liang Li et al, today
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ABSTRACT
We recall evidence that all long gamma-ray bursts (GRBs) have binary progenitors and give new examples. Binary-driven
hypernovae (BdHNe) consist of a carbon-oxygen core (COcore) and a neutron star (NS) companion. For binary periods ⇠ 5 min,
the subclass BdHN I originates from the COcore collapse. BdHN I are characterized by: 1) an energetic supernova (the “SN-
rise”); 2) a newborn black hole (BH) originating from the NS collapse by SN matter accretion. The BH produces via the “inner
engine” a GeV emission with luminosity LGeV = AGeV t�aGeV , observed only in some cases. 3) The new NS (nNS) created
from the SN originates the X-ray afterglow with LX = AX t�aX, present in all BdHN I. We record 378 BdHN I and, for four
prototypes GRBs 130427A, 160509A, 180720B and 190114C, present: 1) their spectra, luminosities, SN-rise duration; 2) AX ,
aX = 1.48± 0.32, and 3) the nNS spin time-evolution. We also infer: a) AGeV and aGeV = 1.19± 0.04; b) the BH mass and
spin, c) the BdHN I morphology, aided by a time-resolved spectral analysis and three-dimensional simulations. We analyze the
presence/absence of GeV emission in 54 sources observed within the Fermi-LAT 75� boresight angle. For 25 sources, we give
the integrated and the time-varying GeV emission. The remaining 29 sources have no GeV emission detected, and emit X- and
gamma-ray flares previously inferred to be observed along the binary plane. The 25/54 ratio implies the GeV radiation is emitted
within a cone of half-opening angle ⇡ 60� from the normal to the orbital plane. We estimate the BH masses based upon the inner
engine originating the GeV emission by extracting the BH rotational energy. We deduce BH initial masses 2.3 < M/M� < 8.9,
spin 0.27 < a/M < 0.87, and follow their time evolution thereby verifying the validity of the BH mass-energy formula.

Key words: gamma-ray bursts: general — binaries: general — stars: neutron — supernovae: general — black hole physics

? ruffini@icra.it, rahim.moradi@inaf.it, liang.li@icranet.org,
jorge.rueda@icra.it, yu.wang@icranet.org

1 INTRODUCTION

The year 2021 marks the 50th anniversary of the paper “Introduc-
ing the black hole” (Ruffini & Wheeler 1971) and of the black hole
(BH) mass-energy formula (Christodoulou 1970; Christodoulou &
Ruffini 1971; Hawking 1971; Hawking 1972). Since those days, in-

c� 2020 The Authors
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190114C:Swfit/XRT (0.3-10 keV)

190114C:Optical-Rc-Band

Liang Li, Della Valle, Moradi, Ruffini, Today



The jetee structure of the GeV emission of GRB 190114 C

R. Moradi, J. Rueda, R. 
Ruffini, Y. Wang, 2021



Credit: Walker et Al. 2018, ApJ 855:128

Can we see the Blackholic quantum?



  

A general conclusion
We have 380 BdHNI all characterised by a cosmological redshift, an E

iso 

larger than 10+52 erg, and an afterglow.  The Afterglow Luminosities  have 
been obtained from the Xray observations of SWIFT. When expressed in the 
rest frame of the source they fulfill a power law 

This determine from the BdHNI theory  the initial mass and spin of the νNS.
Of these 380 BdHNI, in view of their special conical morphology and  the 
boresight angle of the FERMI LAT  detector , only 25 BdHN are observed to  
emit GeV radiation with a luminosity 

                         L
n
 = A

n
t -1.19±0.04  

    

from these observations and the theory of the” Inner engine” we 
can infer the BH Mass and Spin  for each GeV emitting GRB. 

L
X
(t) =A

x
t -1.14±0.32

 

Accepted for publication in Monthly Notices of the Royal Astronomical Society Main Journal, Today



  

ESA plafs for a successor of Swift (2023?)
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“The new cosmology will 
probably turn out to be 

philosophically even more 
revolutionary than relativity or 

the quantum theory”

P. A. M. Dirac, Scott Lecture
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