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Neil Gehrels Swift Observatory
S AT 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 (Burst Alert 
Telescope, BAT), X-ray (X-ray Telescope, XRT), 
ultraviolet, and optical wavebands (Ultraviolet/
Optical Telescope, UVOT). 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
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Fermi Gamma-ray Space Telescope
S AT E L L I T E

The Fermi Gamma-ray Space Telescope is a NASA 
space observatory being used to perform gamma-ray 
astronomy observations from low Earth orbit.  Two 
instruments: the Gamma-ray Burst Monitor (GBM: 8 
keV-40 MeV) and the Large Area Telescope  (LAT: 20 
MeV-300 GeV).  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



N
A

N
JI

N
G

 G
A

M
M

A
-R

A
Y

 B
U

R
S

T
 M

E
E

T
IN

G
 2

0
19

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



The best model of  time-resolved spectral fit for GRB 110721A: Band+Blackbody

Synchrotron (non-thermal) & Photosphere (thermal)
Figure is taken from Iyyani, S et al. (2015), MNRAS, 450, 1651



  The Definition of  models 

Typical values for these model parameters from Fermi observations: 
           α ∼ -1.0; β ∼ -2.2 ; Ep ∼ 250 keV; kT: 30 kev ∼150 keV 

Equations are taken from Li, et al. (2020), ApJ, 894, 100



• Package: the Multi-Mission Maximum Likelihood Framework (3ML). 

 Parameter estimation (spectral fitting) using Bayesian inference+MCMC method

See Li. (2020), ApJ, 894, 100
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Schematic example of the evolutionary path of a massive binary all the way up to the formation of a BdHN I. The BdHN 
progenitor is a binary composed of a CO core and a magnetized (B∼1013 G) NS companion in a very compact orbit (period 
of the order of minutes). To reach the BdHN stage the binary has to survive two SN events: the first SN forms the NS and 
the second one the νNS (core-collapse of the COcore). The SN ejecta produce a massive and rapid accretion process onto the 
NS companion leading to its gravitational collapse forming a BH. Conservation of magnetic flux and possibly additional 
MHD processes amplify the magnetic field from the NS value to B∼1014G around the BH. While the SN matter expands, 
before escaping from the system it surrounds both the νNS and the BH. The B-field together with the BH rotation triggers 
the “Wald” process which induces an electric field. This E-field explains both the UPE in the gamma-rays through the 
transparency of the self-accelerating e−e+ pair plasma created by the QED process of vacuum breakdown, and the GeV 
emission through synchrotron emission of accelerated protons in the B-field. The interaction of the νNS pulsar emission with 
the SN ejecta explains the X-ray afterglow. Finally, after about 15 days, the optical emission of the SN produced by the 
energy release of the decay of Nickel, is observed.

Binary Driven  
Hypernova Type I

Remo Ruffini
and ICRANet Collaboration 

• The spectrum characteristic of the vNv-
rise indicate a thermal component.

• The spectrum characteristic of the UPE 
phase also indicate a thermal component.

• The spectrum characteristic of the cavity 
should shows a featureless non-thermal 

component.
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Episode 1: precursor (vNv-rise and 
the creation of  the new neutron 

star).

Episode 2: three major events: (1) the 
formation of  the BH, (2) the onset 
of  the GeV emission, and (3) the 

onset of  the ultra-relativistic 
prompt emission (UPE).

Episode 3: the presence of  a ‘cavity’ 
carved out in the SN ejecta by the 

BH formation. 

Self-similarity and power-laws in GRB 190114C

See Ruffini R., et al. (2019), arXiv: 1904.04162



• We perform the spectral analysis in 5 successive time iterations in 
increasingly shorter time bins: this is the first iteration for entire 
time interval for UPE (Episode II) .

Self-similarity and power-laws in GRB 190114C

• Model comparisons: the deviance formation criterion (DIC).

See Ruffini R., et al. (2019), arXiv: 1904.04162



5 successive time iterations for UPE (Episode II) 

• Iteration 2: repetition Iteration 1 but 
with divided into two equal parts. 

• Iteration 3: the same as Iteration 2  
but for four equal parts. 

• Iteration 4:the same as Iteration 2  
but for eight equal parts. 

• Iteration 5:the same as Iteration 2  
but for sixteen equal parts.

We find a similarity in the spectra in each stage of the iterations 
revealing clearly a self-similar structure.

Self-similarity and power-laws in GRB 190114C

See Ruffini R., et al. (2019), arXiv: 1904.04162



Table 2 summarize the parameters of the fitting for  UPE (Episode II).

Self-similarity and power-laws in GRB 190114C

See Ruffini R., et al. (2019), arXiv: 1904.04162



We find a power-law dependence of the BB temperature 
with index −2.25± 0.38.

Self-similarity and power-laws in GRB 190114C

See Ruffini R., et al. (2019), arXiv: 1904.04162



A dependence with index −1.32 ± 0.26 for the gamma-ray luminosity confirming a 
similar dependence with index −1.20 ± 0.36 which we find as well in the GeV 

luminosity, both expressed in the rest-frame. 

Self-similarity and power-laws in GRB 190114C

See Ruffini R., et al. (2019), arXiv: 1904.04162
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• GRB-SNe association within Binary driven Hypernova (BdHN)  (In prep.) 



Fermi-GBM light curves for our four sources, all four sources show three Episodes.

Self-Similarities and Power-laws in the Time-resolved Spectra of  GRB 
190114C, GRB 130427A, GRB 160509A, and GRB 160625B

See Liang, L., et al. (2019), arXiv: 1910.12615



Self-Similarities and Power-laws in the Time-resolved Spectra of  GRB 
190114C, GRB 130427A, GRB 160509A, and GRB 160625B

See Liang, L., et al. (2019), arXiv: 1910.12615



The spectrum of the shock breakout (Episode I) for all our four 
sources can be fitted by a CPL or PL (synchrotron) components plus a 
blackbody (thermal) component.

Self-Similarities and Power-laws in the Time-resolved Spectra of  GRB 
190114C, GRB 130427A, GRB 160509A, and GRB 160625B

See Liang, L., et al. (2019), arXiv: 1910.12615



Table 1 summarize the parameters of the thermal vNv-rise (Episode I) 
for our four sources.

Self-Similarities and Power-laws in the Time-resolved Spectra of  GRB 
190114C, GRB 130427A, GRB 160509A, and GRB 160625B

See Liang, L., et al. (2019), arXiv: 1910.12615



5 successive time iterations for UPE (Episode II) phase in GRB 160625B 

Self-Similarities and Power-laws in the Time-resolved Spectra of  GRB 
190114C, GRB 130427A, GRB 160509A, and GRB 160625B

See Liang, L., et al. (2019), arXiv: 1910.12615



5 successive time iterations for UPE (Episode II) in GRB 160509A 

Self-Similarities and Power-laws in the Time-resolved Spectra of  GRB 
190114C, GRB 130427A, GRB 160509A, and GRB 160625B

See Liang, L., et al. (2019), arXiv: 1910.12615



The spectral component of  the cavity (episode III) for our four 
sources can be well fitted by a featureless CPL model.

Self-Similarities and Power-laws in the Time-resolved Spectra of  GRB 
190114C, GRB 130427A, GRB 160509A, and GRB 160625B

See Liang, L., et al. (2019), arXiv: 1910.12615



Swfit-XRT light curves for our four sources, all four sources show power-law decays.

Self-Similarities and Power-laws in the Time-resolved Spectra of  GRB 
190114C, GRB 130427A, GRB 160509A, and GRB 160625B

See Liang, L., et al. (2019), arXiv: 1910.12615
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• GRB-SNe association within Binary driven Hypernova (BdHN)(In prep.)

Table is taken from Ruffini, et al. (2021), MNRAS, 504, 5301-5326



BdHNe I: SNe emissions typically are much below their afterglow 
emissions.

• GRB-SNe association within Binary driven Hypernova (BdHN) 



BdHNe II: SNe emissions typically are below their afterglow 
emissions.

• GRB-SNe association within Binary driven Hypernova (BdHN)  (In prep.)



BdHNe III: SNe emissions typically are above their afterglow 
emissions.

• GRB-SNe association within Binary driven Hypernova (BdHN)  (In prep.)



Conclusions

• The spectral components of  GRB 190114C show three different characteristic for 
three different Episodes, and the temperature and luminosity in UPE phase for GRB 
190114C present a power-laws decay. The observations in GRB 190114C fully 
consistent with Prof. Ruffini’s model. 

• Such self-similarity and power-laws characteristics are also found in GRB 
160625B, GRB 160609A, and GRB 130427A. 

• We compared the SNe emissions and  their afterglow emissions in the GRB-
SN  association  sample,  and  found  that  different  BdHNe  bursts  have 
different behaviors.



Thanks!


