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Abstract

The status and prospects are reviewed for the presently most favored model for the inner engine of
cosmological gamma-ray bursts (GRBs): the black hole~torus model. Support for this model is derived
from recent GRB-phenomenology: a cosmological origin, a bi-modal distribution in their durations, and
potentially a GRB/X-ray transient connection. The black hole—torus model operates by the rotation of the
central Kerr black hole, which introduces two new mechanisms: in-situ pair-creation on open field-lines
along the axis of rotation and a powerful magnetic black hole-to-torus coupling. The leptonic winds serve
as input to the GRB-afterglow emissions. Long/short GRBs are identified with suspended/hyper-accretion
onto rapidly/slowly rotating black holes. The suspended accretion state is expected to be accompanied by
baryonic winds blown off the torus; if formed in stellar collapse, these winds may account for recently
detected iron line-emissions and may have contributed to the chemical abundances in X-ray transients.
This implies that HETE-II will detect afterglows from all bursts, but iron-line emission only from long
bursts. In long bursts, the torus is expected to radiate most of the black hole luminosity in gravitational
waves. This predicts that long GRBs are potentially the most powerful burst-sources of gravitational
waves in the Universe. Their emissions trace a horizontal branch in the f(f)-diagram, which can be
tested by LIGO/VIRGO. (© 2001 Published by Elsevier Science B.V.

PACS: 98.70.Rz; 04.30.Db; 97.60.Lf
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1. Introduction

The serendipitous discovery of gamma-ray bursts (GRBs) by Vela/Konus satellites
(Klebesadel et al., 1973; Mazets et al., 1974) enriched astronomy with one of the hottest lega-
cies of the Cold War. Today, there is no doubt that they are anything but nuclear explosions
in our galaxy. The advance of dedicated satellites BATSE and BeppoSax (Piro et al., 1995)
has provided us with a number of corner-stones in GRB phenomenology. These are gradually
revealing the true nature of GRBs, most likely associated with the last breath of stellar mass
objects in transition to black holes.

In this invited report, we describe the status and prospects for inner engines of cosmological
GRBs from high-angular momentum compact sources.

1.1. Encysting the enigma

The GRB phenomenon: Gamma-ray bursts are now known to be of cosmological orgin, as
evidenced by their isotropic distribution in the sky shown in Fig. 1 (Meegan et al., 1992),
redshifts of order unity when detected as listed in Table 1 (Frail et al., 1997; Djorgovski
et al., 1998; Metzger et al., 1997; Kulkarni et al., 1998) and a (V/Vnax) (Schmidt et al., 1988)
of 0.334-£0.008 (Schmidt, 1999) substantially less than the Euclidean value 1/2 (Pendleton et al.,
1996). Here, (V/Vmax) assumes distinct values 0.282+0.014 and 0.38540.019 for long and short
bursts, respectively, indicative of relatively higher fluences and larger distances of long bursts
(Katz and Canel, 1996). Gamma-ray bursts have a bi-modal distribution: broad distributions of
durations of short GRBs of about one second and long GRBs of about one minute shown in
Fig. 2 (Kouveliotou et al., 1993, Paciesas, 1999). The luminous GRB-emissions are nonthermal
in the few hundred keV range (e.g.: Band et al., 1993), produced by shocks in ultrarelativistic
ejecta at an appreciable distance away from the source. These may take the form of internal
shocks (Piran, 1998, 1999) or deceleration shocks against the interstellar medium (Rees and
Meszaros, 1992, 1994; Meszaros, 1999; Meszaros and Rees, 1999; Eichler and Levinson, 2000)
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Fig. 1. Shown are the locations of 2704 GRBs from the BATSE Catalogue over a nine-year period. The projection
is in galactic coordinates. (Courtesy of NASA Marshall Space Flight Center, Space Sciences Laboratory.)
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Table 1

Redshift detections of long GRBs®

Event : Redshift Isotropic equivalent
’ emissions E/Mgc?

GRB 970228 (1,15) : 0.695 1.2e — 03

GRB 970508 (2,16) ‘ 0.835 2.7e — 03

GRB 970828 (3) 0.958 1.5¢ — 01

GRB 971214 (4,18) 3412 1.6e — 01

GRB 980425 (5,19) 0.008 3.7e — 07

GRB 980613 (6,20) 1.096 3.1e—03

GRB 980703 (7,21) 0.967 >0.05

GRB 990123 (8,22) 1.6 1.7e — 00

GRB 990510 (9,23) : 1.619 7.5e — 02

GRB 990712 (10) 0.430

GRB 991208 (11) 0.707

GRB 000301C (12,24,27) 2.04 le — 02

GRB 000418 (13,25) 1.118 2.5e — 02

GRB 000926 (14,26,28) 2.066 >0.14

References: 1, Djorgovski et al. (1999a); 2, Bloom et al. (1998b); 3, Frail et al. (1999); 4, Kulkamni et al.
(1998); 5, Galama et al. (1998); Tinney et al. (1998); 6, Djorgovski et al. (1999b); 7, Djorgovski et al. (1998);
8, Keson et al. (1999); Hjorth et al. (1999); 9, Vreeswijk et al. (1999); 10, Galama et al, 1999; 11, Dodonov
et al. (1999); 12, Schmith et al. (2000); 13, Hurley et al. (2000); 14, Hurley et al. (2000); Palmer et al. (1997);
15, Palmer et al. (1997); 16, Kouveliotou et al. (1997); 18, Kippen et al. (1997a); 19, Kippen et al. (1997b);
20, Woods et al. (1998); 21, Amati et al. (1998); 22, Kippen et al. (1999a); 23, Kippen et al. (1999b); 24, Smette
et al. (2000); Castro et al. (2000); Jensen et al. (2000); Feng et al. (2000); 25, Bloom et al. (2000), 26, Fynbo
(2000); 27, Li and Chevalier (2000); 28, Sagar et al. (2000).

or preburst stellar winds (Chevalier and Li, 1999). This gracefully circumvents the compactness
problem (Paczynski, 1986; Goodman, 1986; Shemi and Piran, 1990; Fenimore et al., 1993;
Woods and Loeb, 1995). The gamma-ray emissions show fine-structure in short time-variability
(Walker et al., 1998) and frequent sub-bursts, which can be attributed to internal shocks in the
ejecta due to intermittency at the source (Piran, 1998, 1999). The ejecta may well be beamed
(Rhoads, 1997; Sari et al., 1999), although evidence from breaks in the observed light-curves
is rare, e.g.:. GRB 990123 (Kulkarni et al., 1999; Fruchter et al., 1999), GRB 990510 (Stanek
et al., 1999; Harrison et al., 1999), GRB 991216 (Halpern et al. 2000) and GRB 000301C
(Sagar et al., 2000; Masetti et al., 2000; Jensen et al., 2000; Berger et al., 2000; Garnavich
et al., 2000). The deceleration of the ejecta in the interstellar medium, or the preburst wind of its
progenitor star, gives rise to broad-band secondary emissions, generally towards lower energies:
afterglows in X-ray and optical, without radio emission (e.g.: GRB 970228 (Costa et al., 1997;
van Paradijs et al, 1997; Sahu et al., 1997)) or with radio (e.g.: GRB 970508 (Kouveliotou
et al., 1997; Piro et al., 1997; Bond, 1997; Djorgovski et al., 1997; Mignoli et al., 1997;
Chevalier and Ilovaisky, 1997; Taylor et al., 1997; Frail et al., 1997)). This GRB-afterglow
phenomenon has been instrumental in setting severe constraints on the ejecta. They are deduced
to be highly energetic ultrarelativistic leptonic outflows with Lorentz factors of a few hundred,

contaminated by a component of rest mass in baryonic matter of at most 10~7-10~M¢, (Piran,
1998, 1999).






