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From the progenitor to the |IGC sequence:
the case of long GRBs related to SNe

Massive Binary Massive Star-Neutron Star X Ray Binary
(Eta Carinae, Porb=5.5 yr) (Centaurus X-3, Porb=2.1 days)




The IGC Binary Progenitor

Binary sequence

I'Ifr'i ||.||'\|K prog T Illr'\'\h

Nomoto & Hashimoto
(1988)
Momoto et al.
(1994)
Iwamoto et al.

(1994)
and others... . : Pre-SN core

progenitor

HT Binary |I e’ g [ MSN-prog + Mns)
\ G(Msni-prog + Mns) M

Rueda & Ruffini, ApJL (2012)

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



Hypercritical Accretion, Binary-Driven HNe, and IGC

Convective Instabilities
In Shocked Region
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GRB 090618 T
Eis0=2.8x10" erg

Z=0.54

Ruffini et al. PoS(Texas2010), 101 (2011) ;e.:
lzzo et al., A&A, 543, A10 (2012) h

Faulkes North Gemini North :

.H i i i

AGILE

S?

Konus-WIND

-h -—
W T
e ﬂ--- 'i

"Herschel Itelesmpéu Newton telescope




Episode 1 Episode 2

. Photons

kf‘\"l

At of the ight curve of GRS 020615
? keV 2 EFrermi-GEM light curve counts data of GRS DBDE1E
em” keV s~ | [3

BB evolution
+

Non-thermal i §
emission _ /

<N
»*
p
+
| +
T +
T
+
+
+
+
+

+
+
+

' L
n 160

radius(lan) Parameter Value

. ESe 2.49 +0.02 x 10 ergs
Evolution [ B 198 +0.15 x 1073
Radlus 30000 F rﬂ' 495 + 40
Thermal EES kT, 29.22 + 221 E?V
) 15000 ¢ Ep_crBin 433 +£0.28 x 10" eregs
emitter :
10000 <n> 0.6 part/cm?

3
e <on/n > 2 part/cm
1.0 1.5 20 30 50 7.0 100 150200 300

Ruffini et al. 2011; Rueda&Ruffini 2012; Fryer et al. 2014; Izzo et al. 2012




Episode 3 Episode 4

Swift-XRT afterglow SN bump compared
light curve with sn 1998bw
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Episode 3 scaling [1]

GRB 090618
GRB 091127
GRB 080319B
GRB 061007
GRB 111228A
GRB 090423

1
)

&
iV )
B
7]
=]
=
g
=
=
2
=}
&
=
L
u
o
=

1000 10!

Rest—frame time ()

[1] Pisani, G.B., I1zzo, L, Ruffini R., et al., 2013, A& A, 552, LS.
GRB 090618: 1zzo, L., Ruffini, R., Penacchioni, A. V., et al. 2012, A&A, 543, A10
Izzo, L., Rueda, J. A., & Ruffini, R. 2012, A&A, 548, L5
GRB 091127: Wilson-Hodge, C. A. & Preece, R. D. 2009, GRB Coordinates Network, 10204, 1
Cobb, B. E., Bloom, J. S., Perley, D. A., et al. 2010, ApJ, 718, L.150
GRB 080319B: Golenetskii, S., Aptekar, R., Mazets, E., et al. 2008, GRB Coordinates Network, 7482, 1
Kann, D. A., Schulze, S., & Updike, A. C. 2008, GRB Coordinates Network, 7627, 1
GRB 0601007: Larsson, J., Ryde, F., Lundman, C., et al. 2011, MNRAS, 414, 2642
Golenetskii, S., Aptekar, R., Mazets, E., et al. 2006, GRB Coordinates Network, 5722, 1
GRB 111228A: Briggs, M. S. & Younes, G. 2011, GRB Coordinates Network, 12744, 1
D'Avanzo, P., Melandri, A., Palazzi, E., et al. 2012, GRB Coordinates Network, 13069, 1
GRB 090423: Ruffini, R., I1zzo, L., Muccino, M., et al. 2014, A&A, 569, A39




Episode 3 Nesting [1]
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Episode 3 of GRB 130427A

Luminosity of GRB 130247A
—e— Fermi LAT: 100 MeV - 100GeV
NuStar: 3-79 KeV
—e— Swift XRT: 0.3-10 KeV
—— Optical R Band (Center at 629 nm)
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Hypercritical Accretion, Binary-Driven HNe, and IGC

Convective Instabilities
In Shocked Region
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Hypercritical Accrehon Bmary-Drlven HNe, and IGC
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NS Critical Mass and Observed BNS Masses

NS mass ~1.3 Msun
BNS Mass ~ 2.6 Msun
NS critical mass ~ 2.7 Msun

Iff

3.0 ‘ :
— (lobal Neutrality
=—— Local Neutrality
25 ---------------------- " T
""""""""""""""" ’
---------------- R4
2.0 . .
. ’
; )
-:“__ ]..L) T
=
1.0 .
0.5 .
0-0g 10 12 14 16
R (km)

Belvedere, Boshkayev, Rueda, Ruffini, NPA (2014)
Belvedere, Pugliese, Rueda, Ruffini, NPA (2012)

18

Mbns > Mcrit

BH a0t .

[M )]

my +msy

1.0t

© © Observed BNs |
-- M._.

[ g ——

QM PEIN <0 AL
o 0 e
,\\(\{\ ,5\/%,\ \\%’% 7 @Y g;l\”

Masses taken from:
Zhang et al. PRC (2011)
Antoniadis, arXiv 2014

Vo \,C




E_> 10*%2 erg

Long GRBs

Binary driven hypernova (BdHN)

Signature Scaled X-ray afterglow / Supernova / Long-lived GeV component / Hard

spectrum (Ep > 100 keV)
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X-ray emission
GeV emission
supernova ejecta
neutron star
(M-~ 1.8 2.1 M)
iron carbon
oxygen core
(M~3 - 8Mg)
new neutron star
black hole

qualitative diagram - not
to scale

Refs. Ruffini et al. 2001, 2007, 2014b, Pisani et al.
2013, Fryer et al. 2014

The initial configuration is composed of an
evolved, likely FeCO stellar core and a companion
neutron star.

o The core undergoes a supernova and
creates a new neutron star and its remnant.

Beginning of the accretion of the SN ejecta
onto the companion neutron star, emitting
episode 1.

emission from the episode 1.

Accretion of the SN ejecta on the companion
neutron star induces the black hole
formation and the emission of the e+/e"
fireshell.

o The new neutron star interacts with

Transition point between Episode 2 (ultra-
relativistic) and Episode 3 (mildly relativistic)

After t ~10 (1+2) days in observer frame, the
supernova peaks in the optical due to 56Ni
decay.

Long GRBE, > 10 erg

BH VNS

NS

FeCO core
orbital period ~ 3 + 4 min

Episode 1

Lightcurve of GRB 090618,
prototype of the IGC
paradigm

(1zz0 ot al. 2012, Rueda & Autini
2012)

FacO rancarta
arygen
black hoe

FeCO core

orbital period ~ 3 + 4 min

Hypernova

episode 4

s supernova ejecta
NS neutron star
FeCO iron carbon

core oxygen core
vNS  new neutron star

qualitative diagram — not
to scale

Signature X-ray afterglow / Supernova / Soft spectrum (Ep < 100 keV)

Refs. Ruffini et al. 2014b

The initial configuration is composed of an
evolved, likely FeCO stellar core and a companion
neutron star.

o The core undergoes a supernova and
creates a new neutron star and its remnant.

e Beginning of the accretion of the SN ejecta
onto the companion neutron star, emitting
episode 1.

e The new neutron star interacts with
emission from the episode 1.

The companion neutron star does not accrete
enough matter to induce black hole formation:
no episode 2 is emitted.

After t ~10 (1+2) days in observer frame, the
@ supernova peaks in the optical due to 56Ni
decay.

Long GRBE, <107 erg

NS, v:NS

At>100s




All GRBs are composite and originate from binary systems

Short GRBs Long GRBs

Binary * *

progenitor NS-NS or WD-NS FeCO-NS

' '

SN never always

Eiso<10%er Eiso >10°2erg Eiso<10%erg Eiso >10%2 erg

BH NO Yis NO YES
* (X-ray flashes) (BdINe)

Hard YES YES NO YES
spectrum (E»>500 keV) (E»>500 keV) (E»<100 keV) (E»>100 keV)

Afterglow YES NO

(without scaling) (without scaling) (with scaling)

v Y v

ey NO YES NO ,
emission * (short-lived) (long-lived)

Outcome NS BH NS-NS BH-NS

(massive)

Muccino, et al., Ruffini, R., Wang, Y.,
ApJ, submitted et al., ApJ, in press




At~100s

FeCQO Core




The IGC paradigm for long and short GRBs

*GRBs are composed by up to 4 different Episodes, each one
characterized by specific astrophysical processes and Lorentz gamma
factors (from gamma ~ 1 up to gamma ~ 10°).

-Both short and long GRBs with E_ > 10%erg originate from a
gravitational collapse to a black hole (M > M __ ~ 2.6M ) and can have
GeV emission.

Long GRBs — BdHNe

Short GRBs — Massive BNS mergers

Both short and long GRBs with £, < 10>’erg form black holes and
have 7o GeV emission

Long GRBs — X-Ray Flashes - Hypernovae

Short GRBs — Edo Berger's sources
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