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o Self-similanty and power-laws in GRB 1901140 (arXw:1904.04162 )

o Self-Sumilarities and Power-laws n the Time-resolved Spectra of GRB 190114(,
GRB 1304274, GRB 1605094, and GRB 1606258 (arXw:1910.12615)

o GRB-SNe association within Binary driwen Hypernova (BAHN) (In prep.)



SATELLITE
Neil Gehrels Swift Observatory

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




Fermi Gamma-ray Space Telescope

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.
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Major Atmospherig,Gamma Imaging Cherenkov telescope (MAGIC)

MAGIC (Major Atmospheric Gamma Imaging
Cherenkov Telescopes) is a system of two Imaging
Atmospheric Cherenkov telescopes situated at the Rigs & T Sl T R
Roque de los Muchachos Observatory on La . S . gt g
Palma, one of the Canary Islands, at about 2200 m S T e g e R
above sea level. MAGIC is a system of two 17m ' e AR :
diameter, F/1.03 Imaging Atmospheric Cherenkov . '. k3 : ‘ PR
Telescopes (IACT). They are dedicated to the 3 . . . . >
observation of gamma rays from galactic and o T "

extragalactic sources in the very high energy range . \
(VHE, 30 GeV to 100 TeV). . N Sy S

~Credit: Max-Pfanck Institue, Wikipedia



1 he best model of time-resolved spectral fit for GRB 110721A: Band+Blackbody ({ﬁ\
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Figure is taken from lyyani, S et al. (2015), MNRAS, 450, 1651

Synchrotron (non-thermal) & Photosphere (thermal)



T he Defimition of models

The Band function (Band et al. 1993) is defined as

(EL.)OCXP(_EQ)‘ E < ((1’ — ,B)E()
Al E — A piv ’ 0 A].
Joann(£) { [(O,}?\.EO]("“”oxp(B — a)(Efn)j E > (a—pB)Ey (A1)
where
Ep = (2 -+ O’)E(). (AQ)

where A is the normalization factor at 100 keV in units of ph ecm?keV 15!

fixed at 100 keV, a and [ are the low-energy and high-energy power-law photon spectral indices,
respectively. The two spectral regimes are separated by the break energy Ej in units of keV, and E,,
is the peak energy in the vF), space in units of keV.

The cutoff power law, or the so-called Comptonized model (COMP), which is written as

E «
fecomp(E) = A (E | ) e~ H/%o (A3)
piv

The blackbody emission (BB) can be modified by Planck spectrum, which is given by the photon
flux

fB(E, 1) = A(t) (Ad)

Cxp[kf(t)] —1’

where F is the photon energy, k is the Boltzmann constant. The blackbody emission depends on two
free parameters only: temperature, 7'(t), and the normalisation, A(t).
Equations are taken from Li, et al. (2020), ApJ, 894, 100

Typical values for these model parameters from Fermi observations:
a~-1.0;B ~-2.2;Ep ~ 250 keV; kT: 30 kev ~150 keV

, Eyiy 1s the pivot energy




N

Parameter estimation (spectral fitting) using Bayesian inference+MCMC method @
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Bayes’s theorem is applied to infer and update the probability distribution of a specific set of model
parameters. For instance, given an observed data set (D) and a profile model (M), the probabil-
ity distribution p(M | D), i.e., so-called Posterior probability, according to the Bayes’s theorem,
therefore is given by

p(D | M)p(M) (1)

p(M)

where, p(D | M) is the likelihood that combines the model and the observed data and expresses the
probability to observe (or to generate) the data set D from given a model M with its parameters,
p(M) is prior on the model parameters, and p(D) is called evidence, which is constant with the
purpose of normalizing.

p(M | D) =

When using Bayesian posterior sampling, according to the Bayes’s theorem, only the simplest
posterior allows for an analytic solution. However, a high-dimensional integration is required in
most cases so that the posterior is generally impossible to compute. Therefore stochastic sampling
techniques such as MCMC or nested sampling methods are must be involved*. Two popular posterior

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

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 CO m p on ent
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 o
the second one the VNS (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~104G around the BH. While the SN matter expands,
before escaping from the system it surrounds both the VNS 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 VNS 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.




o Self-similanity and power-laws in GRB 1901140 (arXw:1904.04162 )
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Self-similanity and power-laws in GRB 190114C @
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Lpisode 1: precursor (vNv-rise and

the creation of the new neutron | ™[~ i T
star). "]
; Episode 1—“ Episode 2
Episode 2: three major events: (1) the | ™ 1.
formation of the BH, (2) the onset ? oo Episode 3
of the GeV emission, and (3) the E
onset of the ultra-relativistic RN B sy

Rest-Frame Time (s)

prompt emission (UPLE).

Lpisode 3: the presence of a ‘cavity’ |
carved out in the SN ejecta by the | 3
BH formation. a
See Ruffini R., et al. (2019), arXiv: 1904.04162 : : - : : : :
Time (s)
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Self-sumilanty and power-laws in GRB 190114C @)
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190114C: (2.7s-5.5s),a=-0.71,E.=717.56keV,kT=111.64keV
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e Model comparisons: the deviance formation criterion (DIC).

« 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 I1) .

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



Self-similanity and power-laws in GRB 190114C

5 successive time iterations for UPE (Episode 11)

* [teration 2: repetition Iteration 1 but i
with divided into two equal parts. |
e Jteration 3: the same as Iteration 2
but for four equal parts. | |
i 3 5 . f
’t [7-W_Sy-AR] X AN s
* Iteration 4:the same as Iteration 2 B
. | 0 \
but for eight equal parts. \
e [teration 5:the same as Iteration 2
but for sixteen equal parts. \
S | )
See Ruffini R., et al. (2019), arXiv: 1904.04162 N g

We find a similarity in the spectra in each stage of the iterations

revealing clearly a self-similar structure.




Self-sumilanty and power-laws in GRB 190114C

Table 2. Results of the time-resolved Spectral fits of GRB 190114C (CPL+BB model) from t,; = 1.9 s to
tef = 3.99 s. The time intervals both in the rest-frame and observer frame, the power-law index, cut-off energy,
temperature, AIC/BIC, BB flux, total flux, the ratio of black body flux to the total flux, Fgp/Frota and
finally the isotropic energy are reported in this table. The Fgp/Frotal remains almost constant in each sample.
The Akaike Information Criterion (AIC, Akaike 1974) and the Bayesian Information Criterion (BIC, Schwarz

—

et al. 1978) can be used to select non-nested models. The AIC and BIC are defined as AIC=-2InL(#)+2k and
BIC=-2InL(#)+kln(n), respectively. Here L is the maximized value of the likelihood function for the estimated
model, k is the number of free parameters to be estimated, n is the number of observations (or the sample
size). The prefer model between any two estimated models is the one that provides the minimum AIC and BIC
scores. After comparing the AIC and BIC |, we find the CPL+BB model is the preferred model than the CPL
and other model. The likelihood -log(posterior) and the AIC and BIC scores are reported in column 6. There

is in the fifth iteration a delay of 0.1 s between the onset of the GeV radiation and the onset of the UPE.

ty~t2 ty~tg a E. kT -log(posterior)/(AIC/BIC) Fge Frotal Fratio ETotal
(s) (s) (keV) (keV) (10~9) (109 (erg)
Observation Rest Rest (ergem~2 s 1) (ergem~2 s 1) Rest
9] (2) (3) (4) (5) (6) (7) (8) (9) (10)
2.700~5.500  1.896~3.862 -0.717 002 717.672>% 1590737 -3344/6697/6719 22.491320 111.10" 1090 0.20  1.50e+53
2.700~4.100  1.896~2.879  -0.51 f:;:;}j 696.6‘_'-:_,‘,.‘2-{; 209.7j3- H -2675/5360/5381 24.67jg-§;g 142503300 0.17  9.64e+52
4.100~5.500  2.879~3.862 -0.90F0-0%  639.3*31%  1306%32-2 -2529/5069/5090 25.551297 80.98 1903 0.32  5.48e+52
9 P R 0.03 g »+44.5 e 17.1 S /2T 2ITOR 9.42 9 29.20 -
2.700~3.400 1.896~2.388 -0.5970 % 72477537 220.0%17) -1882/3774/3796 18.55 7548 123.90 73350 0.15  4.19e+52
47 9 G 5 47
3.400~4.100  2.388~2.879 -0.4670 0% 69987 T8 1067757 -2032/4074/4095 31.78 7999 161.40 3710 0.20  5.46e+452
b Q- +0.03 . +42.1 B +3.7 P adt TR e " +4.20 a=+14.83 - b .
4.100~4.800  2.879~3.371 -0.8470-03  gos.a*t42l 130437 -1880/3770/3792 23.947429 853711353 0.28  2.89e+52
4.800~5.500 3.371~3.862 -0.96700% 67957407 130675 ) -1809/3628/3649 27.18 74 9% 78207 3140 0.35  2.65e+52
2.700~3.050 1.896~2.142 -0.5970'0% 547773517 24087307 -1187/2384/2406 19.67F 1706 103.20730-59 0.19  1.75e+52
3.050~3.400 2.142~2.388 -0.6070-02  965.2728-%  203.5%11 % -1320/2650/2671 22871558 152.00F21-00 0.15  2.57e+452
3.400~3.750 2.388~2.633 -0.6370°0% 88577109 24067103 -1224/2458/2480 41.02+11,99 120.1073%49 0.32  2.18e+52
3.750~4.100  2.633~2.879 -0.35700%  607.8*3l 1 15157133 -1428/2866/2887 23.92+12-4% 192.00% 10170 0.12  3.25e+52
4.100~4.450  2.879~3.125 -0.6970:01  515.9743¢  1173%30 -1271/2552/2573 19.19+4-59 92.71+327-€9 0.21  1.57e+52
4.450~4.800  3.125~3.371 -0.9870-04 702,075} 1413738 -1254/2518/2539 26.76tg:"":7 5"~73f'|§'.?;}', 0.33  1.37e+52
Q- 2a -40.04 > +69.4 +4.6 > E o +6.85 +15.62 P
4.800~5.150  3.371~3.617 -0.977001 6851700 F 1408757 -1218/2447/2468 31.8375 5% 825171593 0.39  1.40e+52
QT + 6 0.04 :qn o+ 79.1 - 1.0 202 /4 s 1) 4% DY 5.38 - emt+18.69 Qe - -
5.150~5.500  3.617~3.862 -0.95" % 692.27 77 120.0*' () -1203/2416/2438 23197537 73.57 *_"1‘2 93 0.32  1.24e+52
2.875~3.050 2.019~2.142 -0.6870- 0% 627.67570  258.0130-1 -664 /1337 /1359 28.45+39-43 98.14 3396 0.29  8.30e+51
3.050~3.225 2.142~2.265 -0.5970'03 95717351  245.3%310 -768 /1547 /1568 25.71F 3357 169.30 3720 0.15  1.43e+52
: IR : £ 376
3.225~3.400  2.265~2.388 -0.59j:;1:;§ 929.6‘_*';,;& 172.4% }:: -759/1527 /1549 20,607 11,0 1:;6‘(x)j:2‘;":;“’, 0.15  1.15e+52
3.400~3.575 2.388~2.511 -0.5970:0%  804.075357  255.9%17-1 -702/1414/1436 42191930 139.30 3330 0.30  1.18e+452
Qe P - 5 R24 e +0.04 . +64.6 000 2+13.6 - - - P +11.97 +32.90 2 -
3.575~3.750 2.511~2.633 -0.65700% 91637535  220.3%13D -730/1471/1492 39.257 1091 119.50 3299 0.33  1.0le+52
3.750~3.925 2.633~2.756 -0.51700%  960.9730%  204.677), -808/1627 /1648 57.70715 55 221.10733°%0 0.26  1.87e+52
3.925~4.100  2.756~2.879 -0.1970-04 41667259  77.5%207 -818/1646 /1668 4.29+55% 177.30 5729 0.02  1.50e+52
o= 5 KT P > +0.06 - +45.5 n nt+14.9 - oT - a4 op+17.09 > +52.40 - >
4.100~4.275  2.879~3.002 -0.54F00% 4740t {30 16267150 -758/1526 /1547 24.26 71700 116.107 5219 0.21  9.82e+51
: X Ly, e 205
4.275~4.450  3.002~3.125 -0.90700%  586.47557  96.0%3 % -738/1485 /1507 21.95+47% 70.69 12951 0.31  5.98e+51
. P “ . . 4 - . 48.4 - - . o . - .23
4.450~4.625 3.125~3.248 -0.9670-370  679.67 137 107.9%3%0 -722/1454/1475 16,6222 68.871 100,23 0.24  5.82e+51
v 2 9 Q- +0.05 " n+96.8 « a4+6.7 - - B +9.47 +27.59 - G0
4.625~4.800  3.248~3.371 -0.9570-0%  694.2%955 1463157 -734/1477 /1499 35.591%47 89.91+27.59 0.40  7.60e+51
4.800~4.975 3.371~3.494 -0.8570'0% 564.5‘_",”{;;’, 135.3jé;;; -744/1498 /1519 307871512 96.58 "3 02 0.32  8.17e+51
P 2a +0.04 +115.0 -t+5.9 e ame /14 an =a+6.98 +16.74 . .
4.975~5.150  3.494~3.617 -1.107 "0 820.57 7, 149770 -683/1376/1398 32.76 7. 00 71577, 90 0.46 6.05e+51
Qe 2 [a17 2 T .05 —aE o 9. B 5. v d 26 o6 7.0: 2 px ey 420 .4 . .
5.150~5.325  3.617~3.739 -1.04T00%  765.2F el l.m.sj_.;.’;‘ -697/1404 /1426 zb.nj;‘,‘gg 66.70729-1% 0.39  5.6de+51
5.325~5.500 3.739~3.862 -0.88700% 63537557 1089733 -736/1483 /1504 20.90755% 79.48 13103 0.26  6.72e+51
, . 8.18 1.03
5.500~5.675  3.862~3.985 -1.10700%  568.57 1000  73.473 0 -657/1324 /1345 16.08 7277 43.59 11007 0.37  3.69e+51

Table 2 summarize the parameters of the fitting for UPE (Episode I1).

See Ruffini R., et al. (2019), arXiv: 1904.04162
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We find a power-law dependence of the BB temperature
with index -2.25+ 0.38.
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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.



o Self-Sumilarities and Power-laws n the Time-resolved Spectra of GRB 190114(,
GRB 1304274, GRB 1605094, and GRB 1606258 (arXw:1910.12615)



Self-Similarities and Power-laws wn the Time-resolved Spectra of GRB
190114C, GRB 1304274, GRB 1605094, and GRB 1606258
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Figure 1. Top panel: the properties of the prompt emission of GRB 190114C in the rest frame. The
redshift for GRB 190114C is 0.42 (Selsing et al. 2019a). The lightcurve consists of three spikes, the first
one is Episode 1 (SN break out) with the energy (2.82 + 0.13) x 10°? erg, then we have Episode 2, the
UPE phase, and then Episode 3, the emission from the cavity (Ruffini et al. 2019¢). The total energy is
(2.48 4 0.20) x 10% erg (Wang et al. 2019a). Bottom panel: the onset of the Gev emission at the t,y = 1.9's
contestant with the turn-on of the Episode 2. Lower: the arrival time of Fermi-LAT photons in the energy
band 0.1-100 GeV. The first photon of the UPE phase arrives at 1.9 s. The onset of the GeV radiation
almost coincides with the onset of the UPE. The detailed information for each episode, as well as the GeV
and afterglow emissions, see Section 3 and Table 1, which include the typical starting time, the duration,
the isotropic energy, and the preferred model.
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Figure 6. Upper panel: the proposed three new episodes of GRB 1606258 as a function of the rest-frame
time. Episode 1 occurs t, = 0 s and ¢,y = 0.83 s. The blue dashed vertical lines represents the SN breakout.
Episode 2 occurs from t,y = 77.72 s to t,y = 86.03 s, and includes the UPE emission. Episode 3 occurs at
times after t,; = 86.03 s, staring at t,; = 86.03 s and ending at t,; = 96.84 s. The redshift for GRB 1606258
is 1.406 (Xu et al. 2016). The light-curve consists of two clear spikes, the isotropic energy in the first one is
(1.09 + 0.20) x 10°2 erg. The total energy is ~ 3 x 10°! erg (Zhang et al. 2018). Lower panel: the arrival
time of Fermi-LAT photons in the energy band 0.1-100 GeV. The first photon of the UPE phase arrives at
78.1s. The onset of the GeV radiation almost coincides with the onset of the UPE. The detailed information
for each episode, as well as the GeV and afterglow emissions, see Section 4 and Table 1, which include the
typical starting time, the duration, the isotropic energy, and the preferred model.

Fermi-GBM light curves for our four sources, all four sources show three Episodes.
See Liang, L., et al. (2019), arXiv: 1910.12615
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Figure 13. Upper panel: properties of the prompt emission phase of GRB 160509A. The redshift for GRB
160509A is 1.17 ("Tanvir et al. 2016). The light-curve consists of two spikes, the isotropic energy in the first
small one is (2.96 + 0.60) x 10°2 erg. The total energy is 1.06 x 10°* erg (Tam et al. 2017). Lower panel:
the arrival time of Fermi-LAT photons of energy > 100 MeV. The first photon of the UPE phase arrives
at 4.84 s. The onset of the GeV radiation coincides with the onset of the UPE. The detailed information
for each episode, as well as the GeV and afterglow emissions, see Section 5 and Table 1, which include the
typical starting time, the duration, the isotropic energy, and the preferred model.
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Figure 20. Upper panel: properties of the prompt emission phase of GRB 130427A. The redshift for this
burst is 0.34 (Levan et al. 2013). The light-curve consists several spikes, the isotropic energy in the first
one is (0.65 £ 0.17) x 10°2 erg. The total energy is 1.4 x 10°* erg. Lower panel: the arrival time of each
Fermi-LAT photon of energy > 100 MeV. The first photon belonging to the UPE arrives at 3.96 s. The
onset of the GeV radiation almost coincides with the onset of the UPE. The detailed information for each
episode, as well as the GeV and afterglow emissions, see Section 6 and Table 1, which include the typical
starting time, the duration, the isotropic energy, and the preferred model.
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Self-Similarities and Power-laws n the Time-resolved Spectra of GRB
1901140, GRB 1304274, GRB 1605094, and GRB 1606258
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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.
See Liang, L., et al. (2019), arXiv: 1910.12615
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Table 1. Parameters of the thermal shock breakout for the four precursors of the selected BAHNe I, details in the
companion paper Li et al., (2019). In the first column the GRB name. In the second column and following ones the
duration, respectively, in the rest frame and in the laboratory frame, the flux, the temperature, and the energy of the =
shock breakout Ej,. In the sixth column the GRB Ejq,, well above the minimum energy of 10°? erg for the BdHN I and
in the seventh column the redshift. In the last column, the evidence of the SN in GRB 190114C and GRB 130427A,
directly derived from the optical observations. In the case of GRB 160509A and GRB 160625B the evidence of the SN
is indirectly inferred from the mass and the spin of the ¥NS in the afterglows (see R. Ruffini, M. Karlica, et al. 2019, in
preparation). Particularly significant is the proportionality of the Fj, to the rotational energy of the co-rotating COcore
in the binary system of period P ~ 4 min. For the spectral analysis technique see caption of Table 2.

GRB t1~ta Duration® Flux E.n Eiso Temperature redshift Reference
(s) (s) (erg cm™2 s71) (10°2 erg) (erg) (keV)
(Observation) (Rest) (Shockwave Breakout) (Total) (Rest) (For SN)
190114C  1.12~1.68 0.39 1.067050(10~%) 2.8270-13 (2.484+0.20)x10°%  27.4732¢ 0.424  Melandri et al. (2019)
130427A 0.0~2.6 1.94 2.1470-22(1072) 0.6579 1% ~1.40x10%4 449712 0.3399 Xu et al. (2013)
160509A 2.0~4.0 0.92 1.827528(1079) 147100 ~1.06x10%4 25.675°% 1.17 Tam et al. (2017)

1606258 -1.0~2.0 1.25 6.8710(1077) 109703 ~3.00x 10%* 36.871% 1.406 Afterglow

' Table 1 summarize the parameters of the thermal vINv-rise (Episode I)

for our four sources.
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Figure 6. Upper pancl: the spectral analysis for the time interval from ty = 64.50 s to t;y = 79.85 s.
We find the CPL+BB model is the preferred one as compared to all the other models. The best-fit of the

power-law index and the cut-off energy of the CPL component are, respectively, a = —0.427 51
163.3:%_3, the temperature of the BB component, k7" = 719.0
flux, Fgp = 22.49*32 and the total flux (CPL+BB), Frya = 2.857 007 x 107% erg em ™2 7! are reported
in Table. 1. The BB to total flux ratio, Fgg/Fpua = 0.5 and the isotropic energy of this time interval,
Eigo = 4.25 x 10 erg. The second, third, and bottom panels are the same as the upper panel, but time
interval is divided into two equal parts (top line), four equal parts (second line), eight equal parts (third
line), and sixteen equal parts (bottom line), respectively.
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Table 1. Results of the ti

me-resolved spectral fits of GRB 160625B (CPL+BB model) from the

tyg = 77.72 s to ty = 90.61 s. This table reports: the time intervals both in rest-frame and observer
frame, the power-law index, cut-off energy, temperature, A DIC, BB flux, total flux, the BB to total
flux ratio, Fpp/Frotal and finally the isotropic energy. To select the best model from two different
given models, we adopt the deviance information criterion (DIC, Yu et al. 2018; Li 2019), defined as
DIC=-2log[p(data| 6)]+2ppic, where 8 is the posterior mean of the parameters, and ppjc is the effective
number of parameters. The preferred model is the model with the lowest DIC score. Here we define
ADIC=(CPL+BB)-CPL, if ADIC is negative, indicating the CPL+BB is better. After comparing the
DIC, we find the CPL+BB model is the preferred model than the CPL and other model. The A DIC

scores are reported in column 6.

ty~ty ty~ty a Eec kT ADIC Fgp Frotal Fratio ETotal

() (s) (keV) (keV) (107°%) (10~%) (erg)

Obs Rest Rest (ergem~2s~1)  (ergem~—2s—1) Rest

(€] (2) (3) (4) (5) (6) (7 (8) (9) (10)
187.00~218.00 77.72~90.61 -0.83790%  686.27 132 42,505 23282 2334013 27.567 058 0087001 4540454
187.00~203.00 77.72~84.37 -0.827001 702571227 445704 32751 447023 48.59% 117 0.0970-00  4.13e+54
203.00~218.00  84.37~90.61 -0.94002  463.97332  36.3F)37 1468 o.5stg'§§ 7.43%0 47 0.0850:07  5.92¢+53
187.00~195.00 77.72~81.05 -0.947 991 157507922 424704 -3624.6 5.96 523 56.517 3928 0117015 2.40e+54
195.00~203.00 81.05~84.37 -0.807001  es6.0t10)  37a%0% 16049 3687393 420875388 0.00%013 1.79e+54
203.00~211.00 84.37~87.70 -0.89%0-02  461.9%21-2  37.2+12 L1860 1oo*017 12.201973 0.08*0:00  5.19e+53
211.00~218.00 87.70~90.61 -1.187009 500171030 28.4%3% 261 0.18%0-07 2.09t§'?‘is 0.08700% 779452
187.00~191.00 77.72~79.38 -0.927001 212057235 463707 .3279.2 7.647597 786775232 0107018 1.67e+54
191.00~195.00 79.38~81.05 -0.85t991 65574238 35.5t07 8159 3.48+381 32743599 01t 1S 6.96e+453
195.00~199.00 81.05~82.71 -0.78*90'  565.3%19-2 345708 6673 3101323 345073773 0.09%0 11 7.34e+53
199.00~203.00 82.71~84.37 -0.827901 81507278 308708  -9720 4.39735) 505175828 0.00%017  1.07e+54
203.00~207.00 84.37~86.03 -0.907002  se6.67325 35671 2170 72t 98 170372038 010%018  3.81e+53
207.00~211.00 86.03~87.70 -0.98*0-04  391.2%39.2  g30*18 520 0.61+0-70 6.3910-52 0.10+0-03  1.36e+53
211.00~215.00 87.70~89.36 -1.267007  663.573073 20018 103 0.37+0-39 2851142 0134025 6.06e+52
215.00~218.00  89.36~90.61 -1.387030 3534.3’:%53?,-_ L 5257908 _5207.1 0.167959 13875318 0117386 2.20e452
187.00~189.00 77.72~78.55 -0.9070 0% 2774871005 513710 (14635 6210052 68147 030 0007011 7.250453
189.00~191.00 78.55~79.38 -0.75F00L  es7.2+3%1  91.2+209 22148 3.8410-43 76.56 14503 0051001 8.14e+53
191.00~193.00 79.38~80.22 -0.91799%2 63707100 336707 2048 2774318 23.38%2020  0a2F)10  2.49¢+53
193.00~195.00 80.22~81.05 -0.80700%  654.7%20-1 368700 5136 426572 a2.42t3755 0107015 4510453
195.00~197.00 81.05~81.88 -0.817092  go7.5+2%4 36.2709 4743 4.20+3-77 38.53+ 4398 0114017 4.10e+53
197.00~199.00 81.88~82.71 -0.76799%2 52687212 314713 2222 2.0417:8% 308753237 007t LY 3280453
199.00~201.00 82.71~83.54 -0.85709%  10424%357 436t ss14 5.631530 61057999 0.00%01%  6.49e+53
201.00~203.00 83.54~84.37 -0.76+0:02 57357222 a05t)d 2826 3171038 42.42+%:12 0.0710:00  4.51e+53
203.00~205.00 84.37~85.20 -0.84%002  521.4%300  30.0%20  _ss3 1514043 21617151 0.0715:92 230453
205.00~207.00 85.20~86.03 -0.82700%  ai5.0*311  s72f3l s 1267030 14527150 0007003 1540453
207.00~209.00 86.03~86.87 -1.00%0-0% 4257223 347720 _aas 0.87+0-39 74402 0.12+0-08  7.91e+52
209.00~211.00 86.87~87.70 -0.95700% 35427303 300737  -203 0.34%0-21 5421013 006005 5.77e+52
211.00~213.00 87.70~88.53 -1.07700% 42767520 264737 272 0.33+0-29 4.03%0:%2 008007 4.29e+52
213.00~215.00 88.53~89.36 -1.40%0-13  098.0*%24-T  31.0%4% 216 0.23*0-17 1681058 014002 1.78e+52
215.00~217.00 89.36~90.19 -1.16701}  527.4%3000  2s85F07,  -o1s 0.03*58% 12478 % 0024033 1.32e452
217.00~219.00  90.19~91.02  -1.4309% 35021 40 a40tld) 8762 0.23*0-04 Lot isi® 0221080 1.10e+52
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Figure 10. Upper panel: the spectral analysis for the time interval from ¢, = 3.23 s to t,y = 8.76 s. We find
the CPL+BB model is the preferred one as compared to all the other models. The best-fit of the power-law
index and the cut-off energy of the CPL component are, respectively, a = —0.97700] and E, =768.8733 1.

+0.6

the temperature of the BB component, k7" = 27.17 ¢, the A DIC with the values of -658, the BB flux,

Fgp =

0.7370 0% and the total flux (CPL+BB), Fry, = 14.01

079 x 107° (erg em™2 s7!) are reported

in Table. 2. The BB to total flux ratio, Fgg/Frea = 0.05 and the isotropic energy of this time interval,
Ewo = 6.30 x 107 erg. The second, third, and bottom panels are the same as the upper panel, but time
interval is divided into two equal parts (top line), four equal parts (second line), eight equal parts (third

line), and sixteen equal parts (bottom line), respectively.
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Table 2. Results of the time-resolved spectral fits of GRB 160509A (CPL+BB model) from the ¢, = 3.23 s
to t,y = 8.76 s. This table reports: the time intervals both in rest-frame and observer frame, the power-law
index, cut-off energy, temperature, A DIC, BB flux, total flux, the BB to total flux ratio, Fgg/Fru. and
finally the isotropic energy. The Fg/Fry, remains almost constant in each sample. To select the best model
from two different given models, we adopt the deviance information criterion (DIC, Yu et al. 2018: Li 2019)
in this paper, defined as DIC=-2log[p(data| 8)]+2ppic, where 8 is the posterior mean of the parameters, and
ppic is the effective number of parameters. The preferred model is the model with the lowest DIC score. Here
we define ADIC=(CPL+BB)-CPL, if ADIC is negative, indicating the CPL+BB is better. After comparing
the DIC, we find the CPL+BB model is the preferred model than the CPL and other model.

t1~t2 t1~t2 @ Ec kT ADIC Fggp Froeal Fratio Erotal

(s) (s) (keV) (keV) (107°) (107°) (erg)

Obs Rest (ergem™2 s7Y)  (ergem™2s71)

(1) (2) (3) 4) (5) (6) (7) (8) (9) (10)
700~19.00 3.23~8.76 -0.97100 76887 T 27708 6580 0.7319-59 1401797 005758} 6.30e+53
700~13.00 3.23~5.99 -0.927002  9565711F 206713 -1946 0497010 1080715 0047001 243e+53
13.00~19.00 5.99~876 -0.98700 68657375 261707 4950 0.9970-1 17657100 0067001 3.97e+53
T00~10.00 3.23~461 -1007001 1237672400 274730 302 014702 4697100 003700 5.27e+52
10.00~13.00 4.61~599 -0927092 98517725 310%1% 2029 0867072 1769733 0057001 1.99¢+53
13.00~1600 5.99~7.37 -0m7002 6132707 250707 3058 L0510 1702715 006700 1.91e+53
13.00~16.00 5.99~7.37 -0947092  6128%37 250705 3058 L5t 19 1696713 0067501 1.91e+53
16.00~19.00 7.37~8.76 -1.04%007 83647570 284717 2181 Late 1884718 0067001 212e+53
7.00~8.50  3.23~3.92 -1.207010 136397777 26.071L0 -28317 0.067 500 2181759 0037038 1.23e+52
850~10.00 3.92~461 -0887007 1001471306 o27s8TIY 302 0.221918 7257735 0037003 4.08e+52
850~10.00 3.92~461 -0.887007 108837130 280731 300 0237919 7197733 0037503 4.04e+52
10.00~1150 4.61~5.30 -0917001 90671170 32730 640 0.6970 3% 13717535 0057003 7.70e+52
11.50~13.00 5.30~5.99 -0.947002 102257355 2009711 -1558 L3 22327510 0057007  1.25e+53
13.00~1450 599~6.68 -0937003 69657205 270713 1507 112793 1838724 00670052 1.03e+53
14.50~1600 6.68~7.37 -0967002 5604737 2367}  -150.2 L2 3 1603715 0067007 9.0le+52
16.00~17.50 T7.37~8.06 -0977002 58337 % 273711 01 0937050 18487398 0057007 1.04e+453
17.50~19.00  8.06~8.76 -1.147077 1666.773777 303717 1533 nee 21747550 0057007 1.22¢453
T.00~T.75  3.23~3.57 -12670%0 39641505 176TL I 175 0.0275 28 074705 00275722 2.07e+51
T.75~8.50  3.57~3.92 -1.067005 125677425 239762 218 0137977 3.067733 004752 8.60e+51
8.50~9.25 3.92~4.26 -0.867008 1125873037 2467337  -195 019703 7271338 0037908 2.04e452
9.25~10.00 4.26~4.61 -0917008 1145073877 307 219 0257032 7527398 0037005 21le+52
10.00~10.75  4.61~4.95 -0.89700% 1018972217 357775 274 0.52+548 11547448 0047007 3.24e452
10.75~11.50  4.95~5.30 -0.93700% 1053972041 339732 79 087105 16257550 0057005 4.57e+52
11.50~12.25  5.30~5.65 -0.937003 1173271385 206717 -1202 130104 234274578 0067003 6.58e+52
12.25~13.00 5.65~5.99 -093700% ssastiotl 20073°% 514 087700 2170750 0047007 6.10e+52
13.00~13.75  5.99~6.34 -1.03700% 10450%10 T 286730 731 0.950 4 17007502 0067003 4.78e+52
13.75~14.50 6.34~6.68 -087700% 5710757 26275 047 129708 20527345 0067003 5.77e+52
14.50~15.25 6.68~7.03 -097700% 59827307 23677 756 0917030 15507232 0067003  4.36e+52
15.25~16.00 T.03~7.37 -0.951003 5388743 237tii 887 IS Bt 16517353 0071003 4.64e+52
16.00~16.75 7.37~7.72 -1.02700% 63017005 275732 494 0.9670 3 17157552 0067003  4.82e452
16.75~1750 T7.72~8.06 -0.931003 56067215 272728 483 0.98%9 % 19977592 0057593 5.6le+52
17.50~18.25 8.06~8.41 -1137002 2147273322 330721 946 122705 28857550 0047007 S1le+52
18.25~19.00 841~876 -1117000 971371837 268731 603 0.91%0 5 1470755 0067007 4.13e+52
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Self-Sumilarities and Power-laws wn the Time-resolved Spectra of GRB
190114C, GRB 1304274, GRB 1605094, and GRB 1606258
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sources can be well fitted by a featureless C.PL model.

See Liang, L., et al. (2019), arXiv: 1910.12615
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Self-Similarities and Power-laws n the Time-resolved Spectra of GRB
190114C, GRB 1304274, GRB 1605094, and GRB 160625B
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Swhit-XRT light curves for our four sources, all four sources show power-law decays.
See Liang, L., et al. (2019), arXiv: 1910.12615
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GRB-S5Ne association within Binary driven Hypernova (BAHN)(In prep.)

Table 2. Summary of the GRB subclasses. In addition to the subclass name, we report the number of GRBs for each subclass.
We recall as well the ‘in-state’ representing the progenitors and the ‘out-state’ and the E},; and E,, s, for each subclass. The
GeV emission is indicated in the last column: for long GRBs it appears only in BAHN I and BdHN IV (BH-SN) while, for

052

short bursts, it appears only for S-GRBs. In all sources with GeV emission, it is = 10°“ erg.
Class Type  Number In-state Out-state Ep i Ey iso Eiso, Gev
(MeV) (erg) (erg)
Binary driven I 378 CO star-NS vNS-BH ~0.2-2 ~10°2-10°* > 1072
hypernova II (49) CO star-NS vNS-NS ~0.01-0.2 ~10°0-10°2 -
(BdHN) 111 (19) CO star-NS VNS-NS ~0.01 ~1048-10°° —
IV 0 CO star-NS BH = >10 > 10”3
I 18 NS-NS MNS ~0.2-2 ~10%-10°2 -
Binary II 6 NS-NS BH ~2-8 ~10°2-10°3 > 1072
merger 111 (D) NS-WD MNS ~0.2-2 ~10%-10°2 —
(BM) IV (1) WD-WD NS/MWD <0.2 <10°! -
V (0) NS-BH Direct BH >2 >10°2 -

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



GRB-SNe association within Binary driven Hypernova (BdHN)

GRB 190114C, z=0.425, Ejso =2.5 x 10°3 erg
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Figure 5. BdHNe I: GRB 190114C. Luminosity light-curves obtained from Fermi-GBM, in 10 keV-10 MeV, Fermi-LAT in
0.1 GeV-10 GeV,Swift-BAT in 15 keV-50 keV, Swift-XRT in 3 keV-10 keV and optical R band. The late X-ray afterglow
luminosity of BAHN I GRB 190114C observed by Swift-XRT is best fit by a temporal decaying power law of Lx = (2.5 +
0.4) x 10°3 t1-4440-0lerg s—1  The light-curve of Fermi-LAT in is fitted by temporal decaying power law of Lgey = (4.6 & 2.9) x

1053 t_1'94i0'04erg.s_1 )

BdHNe I: SNe emissions typically are much below their afterglow

emissions.
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Figure 9. BdHN II: GRB 180728A. Luminosity light-curves obtained from Fermi-GBM, in 10 keV-10 MeV, Swift-BAT in
15 keV-50 keV, Swift-XRT in 3 keV-10 keV and MASTER

BdHNe II: SNe emissions typically are below their afterglow

emissions.
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Figure 10. BdHN III: GRB 060218. Luminosity light-curves obtained from Swift-BAT in 15 keV-50 keV, Swift-XRT in

3 keV-10 keV and SWift-UVOT V and B band. After ¢, ~ 10* s it follows a decaying power-law with index ax = 1.17 4 0.02
and amplitude of Ax = (2.2 +0.5) x 10*7erg.s*.

BdHNe III: SNe emissions typically are above their afterglow

emissions.




Conclusions

o 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. ‘I he observations in GRB 190114C fully
consistent with Prof. Ruffint’s model.

o Such self-similarity and power-laws characteristics are also found m GRB
1606258, GRB 1606094, and GRB 13042 7A.

» We compared the SNe emissions and their afterglow emissions in the GRB-
SN association sample, and found that different BAHNe bursts have

different bebaviors.




Thanks!



