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Abstract The late afterglow of gamma-ray burst is believed
to be due to progressive deceleration of the forward shock
wave driven by the gamma-ray burst ejecta propagating in
the interstellar medium. We study the dynamic effect of in-
terstellar turbulence on shock wave propagation. It is shown
that the shock wave decelerates more quickly than previ-
ously assumed without the turbulence. As an observational
consequence, an earlier jet break will appear in the light
curve of the forward shock wave. The scatter of the jet-
corrected energy release for gamma-ray burst, inferred from
the jet-break, may be partly due to the physical uncertain-
ties in the turbulence/shock wave interaction. This uncer-
tainties also exist in two shell collisions in the well-known
internal shock model proposed for gamma-ray burst prompt
emission. The large scatters of known luminosity relations
of gamma-ray burst may be intrinsic and thus gamma-ray
burst is not a good standard candle. We also discuss the other
implications.
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1 Introduction

Gamma-ray burst (GRB) is the most explosive event in
the universe. The standard picture for GRB is the relativis-
tic fireball shock model (Paczýnski 1986; Goodman 1986;
Shemi and Piran 1990; Rees and Mészáros 1992, 1994;
Mészáros and Rees 1993). Within such a picture, an ini-
tially hot fireball composed of photons, electron-positron
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pairs, and a small amount of baryons expands outward be-
cause of the large optical depth, converts most of its ther-
mal energy into the bulk kinetic energy of the baryons to
form a relativistic cold shell; the expanding shells interact
with each other and with the surrounding medium, caus-
ing their kinetic energy to be radiated in shock waves and
producing the observed GRB prompt and afterglow emis-
sions. Within such a scenario, the relativistic shock gener-
ates the magnetic field via Weibel instability (Weible 1959;
Medvedec and Loeb 1999) and the energetic electrons via
first order Fermi acceleration which cool down, most likely
via synchrotron emission (Mészáros et al. 1994; Tavani
1996). Although the standard fireball model can explain the
general features of GRB: the early-time rapid temporal vari-
ability and late-time smooth afterglow, there are some ob-
servational features beyond the expectations of this model
such as the early X-ray plateaus, various rebrightenings and
chromatic breaks (Zhang 2011). Different extensions of the
basic model are invoked to explain the observed deviation
from the model. The extensions include the modification
of the total energy of the ejecta, the environment, the mi-
crophysics parameters and the radiative mechanism (Zhang
2011). However, often these are tailored on a burst by burst
basis.

Most astrophysical system, e.g., accretion disks, so-
lar/stellar winds, and the interstellar medium (ISM) are in
turbulent states with embedded magnetic fields that influ-
ence almost all of their properties (Biskamp 2005; Frisch
1995; Goldstein et al. 1995; Elmegreen and Scalo 2004;
Scalo and Elmegreen 2004). Narayan and Kumar (2009) and
Lazar et al. (2009) have proposed a relativistic turbulence
model instead of the internal shock model as the produc-
tion mechanism for fast variable GRB light curves and ap-
plied it to GRB 080319B (Kumar and Narayan 2009). Zhang
and Yan (2011) have also developed a new model of GRB

mailto:astrolxw@gmail.com

