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CGRO



X-ray afterglow
refined position and redshift 
measurement thanks to the ground-
based optical telescopes repointing

z ~ 0.01 ÷ 10

Eiso ~ 1048 ÷ 1055 erg

Beppo-SAX

Swift

Fermi

X-ray afterglow
steep decay
+ plateau + late decay

Fast repointing: 60 - 100 s

Early optical data

~1400 GRB detected

480 with measured redshift

Higher sensitivity (GRB 090423 at z=8.2)

Short GRBs + Extended Emission

Thermal component

GeV counterpart



All GRBs originate from binary systems

Ruffini et al. 2016, ApJ

Ruffini et al. submitted to ApJ

GRF



All GRBs originate from binary systems
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How many Binary-driven HyperNovae ?

Ruffini et al. submitted to ApJ



Ruffini et al. submitted to ApJ

72 %

How many Binary-driven HyperNovae ?



GRB 980425 / SN 1998bw (Type Ic)

z = 0.0085

Galama et al. 1998, Nature

GRBs - SNe connection



GRBs - SNe connection



Induced Gravitational Collapse
(IGC) scenario                            Binary driven HyperNova (BdHN)

Ruffini et al. 2014, A&A

Fryer et al. 2014, ApJL

Ruffini et al. 2015, ApJ

Rueda & Ruffini 2012, ApJL

Ruffini et al. 2001, ApJL
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Izzo et al. 2012, A&A

Cano et al. 2011, MNRAS

Eiso = 2.8 · 1053 erg

z = 0.54

The BdHN first prototype: GRB 090618



1st Sample of BdHNe: the Golden Samplethe Golden Sample

GRBGRB zz EEisoiso (erg) (erg) SNSN Episode 1Episode 1

060729 0.54 1.6 ∙ 1052 photometric possible

061007 1.261 1.2 ∙ 1054 too far yes

080319B 0.937 1.4 ∙ 1054 photometric possible

090618 0.54 2.8 ∙ 1053 photometric yes

091127 0.49 1.4 ∙ 1052 SN 2009nz possible

111228 0.713 2.3 ∙ 1052 photometric yes

Pisani et al. 2013, A&A
1) Isotropic energy Eiso > 1052 erg

2) Evidence of a double emission in the gamma-rays: the frst with a decaying thermal 
component (Episode 1), followed by a canonical GRB (Episode 2) 

3) Presence of a shallow phase followed by a steeper power-law decay in the X-ray 
afterglow (Episode 3)

4) Evidence of an associated SN (Episode 4)



1st Sample of BdHNe: the Golden Samplethe Golden Sample



Pisani et al. (submitted)Pisani et al. (submitted)

Pisani et al. 2013, A&A

Predict the observations of a SN

Infer the redshift of GRBs

1st Sample of BdHNe: the Golden Samplethe Golden Sample



1) Long GRB

2) Measured redshift z

3) Isotropic energy Eiso larger than 1052 erg

4) Presence of associated Swift/XRT data lasting up to at least 104 s                
    in the rest-frame after the initial GRB explosion

Enlarged Sample of BdHNe
Pisani et. al 2016, ApJ



ENLARGED SAMPLE

161 Swift/XRT afterglows (2005 - 2015)

Enlarged Sample of BdHNe
Pisani et. al 2016, ApJ



Enlarged Sample of BdHNe
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POWER-LAW

LX ∝ t- 
α

t

LX

GOLDEN SAMPLE

ENLARGED SAMPLE

α = 1.48  ±  0.32

Enlarged Sample of BdHNe
Pisani et. al 2016, ApJ

No correlation 
with Eiso



GOLDEN SAMPLE

ENLARGED SAMPLE

Log10(ELT/erg) = 51.40  ±  0.47

Enlarged Sample of BdHNe
Pisani et. al 2016, ApJ

Late time Energy

ELT
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LX

104 s 106 s

No correlation 
with Eiso



GOLDEN SAMPLE

ENLARGED SAMPLE

Log10(ELT/erg) = 51.40  ±  0.47
Late time Energy

ELT

t

LX

104 s 106 s

COMMON LATE ENERGY

ELT = 2.43 · 1050 erg

GRB 050525A
isotropic

No correlation 
with Eiso

Enlarged Sample of BdHNe
Pisani et. al 2016, ApJ



θ
θ = ( 30  ±  20 )°

θpeak = 18°

GRB 050525A isotropic

Enlarged Sample of BdHNe
Pisani et. al 2016, ApJ

Beaming

COMMON LATE ENERGY

ELT = 2.43 · 1050 erg



ENLARGED SAMPLE

161 Swift/XRT afterglows (2005 - 2015)
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Enlarged Sample of BdHNe
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ENLARGED SAMPLE

161 Swift/XRT afterglows (2005 - 2015)



Early X-ray Flares

AFTERGLOW

t

LX
FLARE

PLATEAU

100 s 103-105 s





Total sample

- Long GRBs

- Measured cosmological redshift z

- Isotropic energy Eiso > 1052 erg

Good Late X-ray Data   --->   Cosmology

- Swift/XRT observations (12 years)

- X-ray data lasting up to at least 104 s in the
  rest-frame after the initial GRB explosion

X-ray Early Flare   --->   IGC

- Presence of an fare in the X-rays
  around 100 s in the rest-frame

- Signal to noise ratio > 20

- No contamination by gamma-rays

Ruffini et al., submitted to ApJ

www.icranet.org

345

182       ~53%      ~15/year

36        ~10%        ~3/year

16        ~5%         1-2/year

Summary of the BdHNe Catalog up to the end of 2016
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GRB 030329 / SN 2003dh

GRB 031203 / SN 2003lw
“smoking-gun”

Matheson et al. 2003, ApJ

Gal-Yam et al. 2004, ApJL

Stanek et al. 2003, ApJL
Hjorth et al. 2003, Nature

Kawabata et al. 2003, ApJL

Cobb et al. 2004, ApJL

Thomsen et al. 2004, A&A

Malesani et al. 2004, ApJL

GRBs - SNe connection





A BdHN at the highest redshift: GRB 090423 at z = 8.2

GRB 090423
z = 8.2

Eiso = 1.1 · 1053 erg

Ruffini et al. 2014, A&A



Computation of the luminosity in the 0.3-10 keV rest frame energy band

1) We assume a simple power-law function as best-ft for the spectral energy distribution
of the XRT data (we consider the data provided by the UK Swift-XRT Leicester group 
http://www.swift.ac.uk/xrt curves/):

2) We can write the fux light curve in the 0.3 – 10 keV rest frame energy range as:

3) Then, in order to obtain the luminosity, we have to multiply it by the spherical surface having 
the luminosity distance as radius (where we assume the standard cosmological model):

4) Finally, we need to transform the observer time to rest frame time:

Pisani et al. 2013, A&A



A common behavior of the rest-frame X-ray luminosity after 20  000 s

THE GOLDEN SAMPLETHE GOLDEN SAMPLE

Pisani et al. (submitted)Pisani et al. (submitted)

Pisani et al. 2013, A&A



Predictive power of this result:

1) GRBs at redshift  z > 1
in this case we can predict the existence of a SN in such a system, expected to 
emerge after a time of  ~ 10 ( 1 + z ) days, the canonical time sequence of a SN 
explosion. This offers a new challenge to detect SNe at high redshift

2) GRBs at redshift  z < 1
we can indicate in advance, from the X-ray luminosity light curve observed by 
XRT, the expected time for the observations of a SN and alert direct 
observations from on-ground and space telescopes

3) GRBs with no measured redshift
we can infer the redshift of the GRBs as done for GRB 110709B and
GRB 101023A
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GRB 130427A: late X-ray luminosity overlap with GRB 060729

GRB 130427A  /  SN 2013cq

z = 0.34

Eiso ~ 1054 erg

GRB 060729

z = 0.54

Eiso = 1.6 · 1052 erg

Ruffini et al., GCN 14526
2nd May 2013

Ruffini et al. 2015, ApJ



GRB 130427A: associated supernova confirmation

Gran Telescopio Canarias
GCN 14646

Hubble Space Telescope
GCN 14686

PHOTOMETRIC DETECTIONSPECTROSCOPIC DETECTION



Predictive power of this result:

1) GRBs at redshift  z > 1
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z = 0.9

Penacchioni et al. 2012, A&A

Prediction of the redshift: GRB 101023 and  GRB 110709B

GRB 110709BGRB 110709B

EPISODE 1EPISODE 1
EPISODE 2EPISODE 2

Eiso = 2.7 · 1053 erg

z = 0.75

Penacchioni et al. 2013, A&A





A common behavior of the rest-frame X-ray luminosity after 20  000 s

THE GOLDEN SAMPLETHE GOLDEN SAMPLE

Pisani et al. (submitted)Pisani et al. (submitted)

Pisani et al. 2013, A&A

Nested structure







optically thick plasma 
of e± at thermal 
equilibrium with

total energy Ee±

gravitational 
collapse to a 
Black Hole

gradual 
annihilation 

confined in a 
relativistically 

expanding shell

engulfing of the 
left over barions
B = Mbc2 / Ee±

at transparency
P-GRB is emitted

accelerated barions 
interact with the 

circumburst medium 
giving rise to the 

Extended Afterglow

Fireshell model



Fireshell model




	Pagina 1
	Pagina 2
	Pagina 3
	Pagina 4
	Pagina 5
	Pagina 6
	Pagina 7
	Pagina 8
	Pagina 9
	Pagina 10
	Pagina 11
	Pagina 12
	Pagina 13
	Pagina 14
	Pagina 15
	Pagina 16
	Pagina 17
	Pagina 18
	Pagina 19
	Pagina 20
	Pagina 21
	Pagina 22
	Pagina 23
	Pagina 24
	Pagina 25
	Pagina 26
	Pagina 27
	Pagina 28
	Pagina 29
	Pagina 30
	Pagina 31
	Pagina 32
	Pagina 33
	Pagina 34
	Pagina 35
	Pagina 36
	Pagina 37
	Pagina 38
	Pagina 39
	Pagina 40
	Pagina 41
	Pagina 42
	Pagina 43
	Pagina 44
	Pagina 45
	Pagina 46
	Pagina 47
	Pagina 48
	Pagina 49
	Pagina 50
	Pagina 51
	Pagina 52

