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Induced Gravitational collapse scenario

o i e s rimarycpcs Long Bursts

The induced gravitational collapse (IGC) paradigm has been "'f I"\ﬂhm* are almost trapped in the flow. The

successfully applied to the explanation of GRB-SNe and X- NS is allow to accreate at high accretion m"""- COcore-NS
ray flashes (XRF). The progenitor is a tight binary system positro-electron anihilation is the most effcient

composed of a CO core and a neutron star (NS) compan- proce Always
fon. The explosion of the SN leads to hypercritical accretion ’

ABSTRACT

to the NS companion. In a first scenario, also referred so < 102 ergs  Eigo > 105 ergs

as binary-driven hypernova (BdHNe), the CO-NS binary is

Progeni
enough bound (a < 10! em), so the accretion rate onto NS 3 R

grows up to > 1072 Mg /s, this allows to the NS reach its Common-envelope odary Se ks Rucha TR

critical mass, and collapse to a black hole (BH) with a GRB = e e by "

emission with Eigo > 1092 erg. A second scenario can hap- Em YES

pen for binary systems with larger binary separations, then

the hypercritical accretion onto the NS is not sufficient to rvives theSigmmen < YES

induced its gravitational collapse. Instead of a GRB emission, meloge: - 2 >200KeV
. a Xeray flash ORF) is produced with Eiso < 102 erg. We €O star explodesas type e+ < Y

present numerical simulations of the IGC. We simulate the Y forming . new NS F 3 YES

SN explosion and the hydrodynamic evolution of the accret-  flashes (scaling)
ing material falling into the Bondi-Hoyle surface of the NS. Hypernovae

We address the observational features of this process and its » (BaHNe) YES
detectability occurring during the different phases of the IGC L

process: from the early accretion, to the possible collapse of © NS NS-BH BHNS
the companion NS to a BH, to the interaction of the radiation

of the above accretion process with the supernova ejecta Figure I The theoretical Zavw‘uurk and (:‘-:m estimates of the hypercritical accretion onto the NS as a function of the nature of the binary parameters were first presented in

HYPERCRITICAL ACCRETION INDUCED BY THE SUPERNOVA AND NS GRAVITATIONAL COLLAPSE
SUPERNOVA EJECTA ASYMMETRIES INDUCED BY THE NS

Bondi and Hoyle, 1944; Bondi, 1952): For supernova explosions occurring in close binaries with compact companions such as NS
BHs, like the case of the IGC scenario, the supernova ejecta is subjected to a strong grav-
_ 2Mys tional field which produces a deformation of the supernova fronts closer to the accreting
T A companion. In order to visualize this, we have simulated the evolution of the supernova layers
in the binary system by dividing the SN ejecta in N'particles of different mass and following
its three-dimensional motion under the action of the gravitational field of the orbiting NS. We
have varied the NS gravitational mass with equations (1) and (2) and also, we have removed
n from the simulation the particles that are crossing the Bondi-Hoyle radius. The initial power-
In,mm = Ro. (4)

The rate at which the neutron star accretes mass can be estimate through the Bondi-Hoyle formalism (Hoyle and Lyttleton, 193

. 7 2GMys
Mp(t) = 7peiRiny Vo + V5 + By With  Reap

where G is the gravitational constant, pe is the density of the SN ejecta, c,¢j the sound speed of the ejected material and vgj the
ejecta velocity. Assuming a gous expansion for the ejected material, the and the evolves as:

law density profile of the CO envelope is simulated by populating the inner layers with more
r / / .
e LN 0 ( r Meny articles. For symmetry reasons, we simulate only the north hemisphere of the supernova.
vey(r; ) = ng and  pej(x, 1) = pf ( wm.:ﬂ) M"“W (”Mm P Y Pl P

/-1
sar() = vogy (1)
with p3 the pre-supernova density profile and Ryar the outermost layer of the SN eject; The initial binary system is formed by a 2 M;
If we want to discriminate the binary parameters of the sy NS and the CO-core of a 30 M;ams progenitor.
Table I: Properties of the pre-supernova CO cores obtained with the kepler tems in which the NS can reach, by accretion, its critical mass . .
stellar evolution code (Woosely et. al, 2002) (Merig) and consequently collapse to a BH, from the systems X Ng X N
Analitical fit 24 = peoreln () (% )" in which the accretion is not sufficient to induce such a col- (%/2)/Ng ; Ad =27 /Ny
4 Heore/ lapse, we need to determine how the NS evolves during the — log(r)
Progenitor Peore Reore  Meny  ROqr accretion process. In general, the evolution of the NS gravi- (52— 50) /M
Mzams (M) (108 g cm—3) (107 cm) (Mg) 10° cm) tational mass, Mys can be written: s — Xc)/Nr
oM, o 10g(Ratar) 5 Xc = 10g(Reore)
3.31 5.01 2.079 4.49 2.771 M o .Vs‘-’ 'Mns - -
Mys(t) = 20 Mp + 50 sy @
3.02 7.59 3.89 4.86 2.946 OMp Alns
.08 832 7.94 7.65 2.801 | where Jxs and M; are the NS angular momentum and
baryonic mass.

Ar ri(108% — 1),

n(10) Axp(r;)/(2NgNg,
assume that all the mass entering the NS capture region will be accreted by the NS as baryonic mass (Cipolletta et al, 201

M, Mys 13 (M ing to their fast vel
My(t) = My(to) + Mp(t),  with 2 s (fns) ( +137"‘;) g to their fast velocity, the accretion

Mo Mo 200 rate of the first layers is low and
Then, by angular momentum conservation, the torque on the NS by accretion is: they escape almost undisturbed, so
v the supernova ejecta at these times
s = (R with €<l and (R = KA forfys > n = B = Rys, @ keeps its original spherical symmetry
i : lisor for Rys < Nso = Fin = Nso-
where Ryy is the disk inner boundary radius, I(Ryp) is the angular momentum per unit mass of the material located at r = Ryp, and
the efficiency of the angular momentum transfer.

50 100 150 200 250 300 350 400 R ™ S o = 5min at 1005 Pog, = 50 min at £ ~ 44min.. In
Onbital Period (min) MO 1 .‘mr the collapse of the N. this case the NS does not collapse.

(o) Peak acreion rae (i) and. pesk time () a5 3 uncion (69 Maimum ol period for which the NS.wih il mass - ) )
ihe arbil period. This cample conesponds fo & CO core from e M(0) collapses .2 B by ccreton of supernova eiecia materl. It sees the increasing asymmetry of the supernova ejecta around the orbital plane.
20 M progenion 2.0 Mo NS mass

XRF 060218

“The light-curve in both bands peaks first near

; < 10% 9 has been ftted wil
“The early part of the light-curve (¢ < 10% s) has been fitted with 50,000 3 and then ogain a1 00,000 5. Using

the luminosity expected from the accretion process on the NS
companion (Lacc = (Mp — Mys)c?). For the long-lasting X-ray
plateau in the afterglow (at times ¢ ~ 103-10 s) we need to
analyze the emission of the supernova at early stages. We have
calculated the shock breakout luminosity using the light-curve
code described in Bayless et al. (2015). To simulate the energy
that the hypercritical accretion process onto the NS adds to

the ejecta, we injected it as an energy source at the bas

Without either 38Ni decay or ac
the supernova explosion only explains the

t peak. However, if we include the energy
deposition from the accretion onto the NS (for
our energy deposition, we use 4 X 10%6 erg s~
over a 2500 s duration), our simulations produce
a second peak at roughly 500,000 s. A second
peak can also be produced by increasing the
total 3N yield. However, even if we assume
half of the total ejecta is S8Ni, the second peak
remains too dim to explain the observations.

| ‘y,‘\m ‘5‘ ; | - the explosion and to mimic the asymmetries in the SN ejecta,
{1 caused by the NS companion presence, we have modeled
| a series of spherical explosions with different densities. We
assume an initial explosion energy of 2 x 10%! erg, ranging the
spherical equivalent-mass from 0.05-4 Mg
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Gamma-Ray Flares vs. X-Ray Flares
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See talk by Wang Y. this afternoon
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Short GRB GeV emission
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