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Figure 3.1. Images of the source 1 SAX J0501.7þ1146, detected with the BeppoSAX Medium
Energy Concentrator Spectrometer (2–10 keV) in the error box of GRB970228, during two
target of opportunity (TOO) observations. The first observation started only 8 h after the

GRBM trigger. The second observation was performed about three days after the GRB.
The source faded by a factor of �20 in 3 days (Costa et al. 1997e).

Figure 4.1. The HETE-2 satellite during final tests.



Figure 4.2. The network of secondary ground stations receiving the HETE-2 VHF signal (Ricker, private
communication).

Figure 4.7. X-ray images of GRB 031203 observed with Epic on XMM-Newton and covering the 0.7–
2.5 keV energy range. These observations span a period of time extending from 6 h to 16 h after the burst.

The X-ray halo appears as concentric ring-like structures centered on the GRB position (Vaughan et al.
2004).



Figure 4.8. Schematic view of the Swift

satellite (Gehrels et al. 2004). The size of
the coded mask of BAT is 2.7m2.

Figure 4.9. The main elements of the Swift
platform (Gehrels et al. 2004).

Figure 4.6. (B) These Hubble Space Telescope images show the fading afterglow and host galaxy of GRB

050709. The images are taken 5.6, 9.8, 18.6, and 34.7 days after the burst, respectively. The bright, point-
like afterglow is located to the left, and fades away over the course of the month following the burst. The
colors indicate the intensity of red light (814 nm) as seen by the Advanced Camera for Surveys instrument
on HST (Fox et al. 2005).



Figure 5.7. Schematic illustration of the electromagnetic model (EMM) proposed by Lyutikov and
Blandford (2003).

Figure 6.1. An artist’s view illustrating the various steps of the basic standard model with the internal and
external shocks and the various radiations they emit (from Gehrels, Piro, & Leonard 2007). On the left are

indicated the two main scenarios which lead to a central black hole surrounded by a disk. These two types
of progenitors are discussed in Chapter 8.



Figure 6.2. Schematic view of the phases involved in the fireball model with internal and
external shocks. The left-hand scale gives the logarithm of the distance from the central object

producing the GRB (meters). The right-hand scale indicates the various phases: (1) Phase of
acceleration: the thermal or magnetic energy is converted into kinetic energy of the baryons
within the ejecta. The ejecta emitted in a jet characterized by its beaming angle becomes
ultrarelativistic. (2) End of the acceleration phase, the Lorentz factor of the ejecta reaches

its maximum value, typically few hundred. (3) The ejecta become transparent. We have already
defined the photospheric radius; if internal energy is available it can be radiated as quasi-
thermal emission. (4) Internal shocks (CI) appear and progress within the relativistic ejecta. The

matter heated by the shocks is the source of the GRB. (5), (6), (7) These phases characterize the
various parts of the external shocks, which start when the deceleration due to the circum-burst
medium appears: (5) corresponds to the reverse shock (CR) which propagates within the ejecta;

(6) is the contact discontinuity (see also Figure 6.3 for the different regions of the external
shock); (7) is the forward shock (CA) that is responsible for the afterglow with its emission from
radio to gamma-ray wavelengths. (8) Corresponds to a region where the Lorentz factor has
greatly decreased and the expansion becomes non-relativistic. Depending on the kinetic energy

of the ejecta and the density of the circum-burst medium, the twomain phases of internal shocks
and external shocks can be well separated or quasi-simultaneous. (Atteia &Mochkovitch 2004).



Figure 8.3. Lorentz factor for the collapsar model W2 of Zhang, Woosley, and MacFadyen (2003) at t ¼ 10 s
(left) and at t ¼ 35 s (right) after the jets start to propagate in the stellar wind. The initial opening angle is 3�. At
t ¼ 35 s the opening angle is 5�. Because the power and Lorentz factor decrease gradually after 10 s the tail of the
jet has more lateral expansion.

Figure 6.18. Optical polarization

measurements of five GRB afterglows
up to 2002. The figure shows the
degree of polarization and the
corresponding position angle at

different times of the afterglow
(Covino 2004).



Figure 8.13. Ratio of the energy deposited via neutrino annihilation (���� ! eþe�) to baryon

rest mass energy for the region above the poles of the merged remnant. This is a measure of the
maximum attainable Lorentz factor. Due to the centrifugal evacuation of the funnels, the
largest Lorentz factors are obtained along the binary rotation axis. At large angles from the

rotation axis an increasing degree of entrainment leads to a drastic decrease of the Lorentz
factor. Starting from the top three models are considered (from Rosswog, Ramirez-Ruiz, &
Davies 2003). (a) Merger of two 1.4M� non-rotating neutron stars 18.3ms after the merger,
with neutrino cooling. (b) Merger of two 1.4M� corotating neutron stars 10.7ms after the

merger, with neutrino cooling. (c) Merger of two 2.0M� non-rotating neutron stars 18.3ms
after the merger, with neutrino cooling.
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