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A canonical X-ray light curve
(V) X-ray flare:
late internal shocks

(I) Steep decay:
tail emission
of the prompt phase

(III) Normal decay:
spherical-like decay

(II) Plateau:
continuous
energy injection
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engine

(IV) Fast decay
jet-like decay
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Energy injection model for X-ray Plateau
injected luminosity:
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forward shock energy:
Ek,iso ∝ t1-q,
where q can be estimated
from a2, a2, b2(= b3)

total energy of GRB 060729
(1) The isotropic gamma-ray energy release
during the prompt emission (Grupe et al. 2007):
Eg,iso = 1.6×1052 erg;
(2) The initial isotropic kinetic energy in the
forward shock is
Ek,iso,i ¥ 1052 erg;
(3) The forward shock energy increases almost
linearly with time during the plateau phase:
Ek,iso ∝ t1-q ~ t,
Because

a2 = 0.14±0.02
b2 = 1.18±0.11
Plateau
tb1~ 500 s
tb2~ 5x104 s

(4) The final isotropic kinetic energy in the
forward shock is
(6) The total (beaming-corrected) jet
Ek,iso ¥ Ek,iso,i (tb2/tb1)~1054 erg
energy of GRB 060729 is therefore
(5) A lower limit of the half-opening angle of
this GRB jet is obtained due to the lack of a jet
break in the X-ray light curve up to t = 642 days:

where A* is the wind parameter is its value is
well constrained by detailed afterglow modeling.

Grupe et al. 2009, arXiv: 0903.1258

total energy of GRB 080913
(1) The isotropic gamma-ray energy release
during the prompt emission (Grupe et al. 2007):
Eg,iso = 7×1052 erg;
(2) The initial isotropic kinetic energy in the
forward shock is
Ek,iso,i ~ 1052 -1053 erg;
(3) The forward shock energy increases alPlateau
most linearly with time during the plateau
tb2~ 105 s
phase:
Ek,iso ∝ t1-q ~ t2 ,
tb1~ 104 s
where q=1.0 is from the best numerical fit to
the optical afterglow (see the right figure)
(4) The final isotropic kinetic energy in the
forward shock is
Ek,iso = Ek,iso,i (tb2/tb1)~1054 – 1055 erg
(5) A lower limit of the half-opening angle of
this GRB jet is obtained due to the lack of an
A numerical fit to GRB 080913 (Liu, Wu, Lu, 2009,
optical jet break up to t = 106 s:
arXiv:0907.1767 )
qj ¥ 0.20 Ek,iso,54-1/8 n31/8 rad
(6) The total (beaming-corrected) jet
where n is the ISM number density and its
energy of GRB 080913 is therefore
value is well constrained by detailed afterglow
Ejet ¥ 2.0×1052 Ek,iso,543/4 n31/4 erg
modeling.

Greiner et al. 2009, ApJ, 693,1610; Zhang et al. 2009, ApJ, 703, 1696
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the extractable energy from a
rapidly rotating black hole is
EM = (1/2) I W2
< 2.0×1052 (P /1 ms)-2 erg
For GRBs 060729 and 080913,
Ejet > (2 - 4) ×1052 erg, so their
central engine is most likely
fast or massive rotating black
hole, not millisecond magnetar!

the extractable energy from a
rapidly rotating black hole is
EBH = f(a)MBHc2
< 0.29 MBHc2
= 5×1053 (MBH /Msun) erg

