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Abstract:  
The Swift X-ray Telescope (XRT) has observed over 170 Gamma-Ray Burst (GRB) 
afterglows, with observations of over 140 of these beginning within 3 minutes of the 
burst.  Key discoveries have included rapid decays in the first minutes and frequent X-ray 
flares, both thought to originate in the central engine that produces the GRB; a very flat 
phase that requires energy injection into the relativistic shock; and an absence of jet 
breaks.   
 
 
1. Introduction  
 
The Swift XRT (right) has three key science goals:   
1)  Determine GRB position with 5 arcsecond accuracy 
and transmit position to the ground within 100 s of the 
burst;  2) Measure the afterglow lightcurve;    3) Obtain 
X-ray spectroscopy of the afterglow. 
 
The Swift observatory [1] has detected ~100 GRBs per 
year since January 2005, 95% of which have X-ray afterglows detected by the XRT [2].  
Our pre-launch expectation was that the afterglow light curves would be simple power 
laws and that the most interesting results from the XRT would be the confirmation of X-
ray lines in GRB afterglows.  Instead, we have found that afterglow light curves are much 
more complex than expected, while there have been no definitive spectral line detections.  
We briefly summarize these results here. 
 
 
2. Light Curve Phases  
 
The XRT has compiled a catalog of >140 GRB afterglows beginning within 1-2 minutes 
of the burst.  We have found a “canonical” light curve shape consisting of the following 
components (though not every burst shows all these phases): 1) a very steep decay due to 
light delay effects associated with the end of the prompt GRB emission, 2) a flat plateau 
phase due to energy injection into the external shock (there are several possible 
mechanisms, including extended central engine activity and collisions between coasting 
shells of differing bulk Lorentz factors), 3) a “normal” afterglow phase due to the 
interaction of a spherical shock front with the external medium, and 4) a jet break phase 
that is seen occasionally when the jet slows down to a bulk Lorentz factor of Γ~1/θ.   



These phases are 
illustrated in the light 
curve of GRB 060428A 
(right), which also 
includes a small flare 
during the plateau phase.  
This light curve can be 
taken as an example of 
the “canonical” X-ray 
light curve [3]. 
Most GRB afterglows 
have only 2-3 of these 
segments.  The phases are 
discussed in detail in 
[3,4]. 
 
 
3. X-ray Flares 
 
X-ray flares are seen in nearly 50% of GRBs with prompt X-ray observations ([5]; see 
examples below).  There is mounting evidence that these are lower energy manifestations 
of the same process that generates the GRB – possibly late-time internal shocks.  Flares 
have rapid rise and decay times, often exhibit multiplicity, appear to be independent of 
the underlying afterglow, and exhibit a characteristic spectral softening similar to that 
seen in GRB pulses (e.g. GRB 050502B, below).  These characteristics are most easily 
explained by internal shocks at late times and large radii.  GRB 060124 [6] can be 
considered a “Rosetta stone”, with the main burst coming nearly 10 minutes after the 
BAT trigger, resulting in excellent coverage of the prompt emission and following flares 
over a broad energy band (below, right).  See [7,8] for more details and references to 
relevant papers. 
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4. Jet Breaks 
 
GRB emission is thought to be radiated in 
narrow jets (right); indeed, jet beaming of 
the radiation is essential to understand the 
energetics of GRBs, which can have 
isotropic energies (energies calculated on 
the assumption of isotropic emission) of 
up to 1054 ergs.  For a simple uniform jet, 
the opening angle is given by 

    

where , tj is the time of the jet break in
 

days, ηγ is the radiation efficiency, n is the density, and Eγ,iso,53 is the isotropic equivalent 
energy in units of 1053 ergs (derived from [10]).   
 
Previous work [11,12] found θj ~ 5-10° for tj ~ 1-2 days for a number of optical and radio 
jet breaks.  By contrast, most Swift X-ray afterglows have no evidence for jet breaks, 
often to times later than 10 days after the burst.  The two examples shown below have no 
jet break for weeks after the burst [13,14].  This seems to require larger jet opening 
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angles than was found earlier for optical and radio afterglows.  Although some of this 
may be caused by the higher redshift of Swift bursts, compared with those of Beppo-SAX 
and HETE-2 bursts, this does not seem to be sufficient to explain the lack of X-ray 
afterglows in our sample.  Further examples and tables of derived limits on jet opening 
angles may be found in [15]. 
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