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ABSTRACT

Swift discovered GRB 050713A and slewed promptly to begin observing with its narrow-field instruments 72.6 s
after the burst onset, while the prompt gamma-ray emission was still detectable in the BAT. Simultaneous emission
from two flares is detected in the BAT and XRT. This burst marks just the second time that the BAT and XRT have si-
multaneously detected emission from a burst and the first time that both instruments have produced a well-sampled,
simultaneous data set covering multiple X-ray flares. The temporal rise and decay parameters of the flares are con-
sistent with the internal-shock mechanism. In addition to the Swift coverage of GRB 050713A, we report on the
Konus-Wind (K-W) detection of the prompt emission, an upper limiting GeV measurement of the prompt emission
made by the MAGIC imaging atmospheric Cerenkov telescope, and XMM-Newton observations of the afterglow.
Simultaneous observations with Swift XRT and XMM-Newton produce consistent results, showing a break in the light
curve at 7y + ~ 15 ks. Together, these four observatories provide unusually broad spectral coverage of the prompt
emission and detailed X-ray follow-up of the afterglow for 2 weeks after the burst trigger. Simultaneous spectral fits of
K-W with BAT and BAT with XRT data indicate that an absorbed broken power law is often a better fit to GRB flares
than a simple absorbed power law. These spectral results together with the rapid temporal rise and decay of the flares

suggest that flares are produced in internal shocks due to late-time central-engine activity.

Subject headings: gamma rays: bursts
Online material: color figures

1. INTRODUCTION

The Swift Gamma-Ray Burst Explorer (Gehrels et al. 2004)
has been returning unprecedented data about gamma-ray bursts
(GRBs) for the past 18 months. Of particular interest in the bursts
followed by Swift have been the early-time light curves of the af-
terglows, which have shown much greater structure and different
temporal decay properties than expected, leading to much discus-
sion in the literature regarding the nature of the transition between
the prompt emission, thought to be due to synchrotron radiation
from internal collisions (Gallant et al. 1999), and the afterglow, also
thought to be due to synchrotron radiation, although it remains
somewhat unclear whether the emission arises in internal or ex-
ternal shocks. Swiff observations have shown that GRB light curves
can be described by a canonical three-segment shape. This shape
consists of (1) an early steep decay phase (F,, o« v~%t~* where
3 < ap <5;¢t<500s) (2) a very shallow decay phase (0.5 <
ay <1.0; 500 s < ¢t < 104 s), and (3) a “normal” decay phase
(1 < a3 < 1.5;10* s < 1) (Nousek et al. 2006). Superimposed
on this smooth decay profile, Swift has shown that bright X-ray
flares, 2— 100 times as bright as the underlying afterglow, are com-
mon during the early (¢ < 10 ks) stages of GRBs (Burrows et al.
2005b; Falcone et al. 2006; Piro 2005b; Romano et al. 2006).

The observation of GRB 050117 (Hill et al. 2006) marked the
first time that Swift slewed to and settled on a GRB while the
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prompt gamma-ray emission was still in progress, arriving 192 s
after the Burst Alert Telescope (BAT) triggered on the burst,
which had a Tyy of 168 s. Due to irregularities in the observing
mode of the XRT and the proximity of the South Atlantic Anomaly
to Swift during the observation of GRB 050117, however, only
very sparse data were collected by the XRT, totaling 11.4 s in the
first orbit and 946 s overall. This left large gaps in the light curve
coverage and severely limited the quality of the spectral analysis
that could be performed.

We report here on the observation of GRB 050713 A (Falcone
et al. 2005), a burst of 799 = 70 s to which Swift slewed and
began collecting data with the narrow-field instruments (NFIs)
in just 72.6 s, while the prompt gamma-ray emission was still
detectable by the BAT. This burst marks just the second time that
the BAT and XRT have collected simultaneous data on a burst,
and it marks the first time that both instruments have produced a
well-sampled, simultaneous data set covering multiple flares in
the prompt emission.

In addition to the Swiff coverage of GRB 050713A, we report
also on prompt and follow-up observations carried out by Konus-
Wind, MAGIC, XMM-Newton, and ground-based optical obser-
vatories. In § 2 we describe the observations and data analysis
from all instruments, including ground follow-up. In § 3 we
discuss the implications of the observations in light of the
new theoretical understanding emerging from Swift observa-
tions of GRBs. In § 4 we summarize and present our conclu-
sions. Quoted uncertainties are at the 90% confidence level for
one interesting parameter (i.e., Ax? = 2.71) unless otherwise
noted.

2. OBSERVATIONS AND DATA ANALYSIS

Many different observatories and instruments have observed
GRB 050713A. We devote the following section to a description
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Fic. 1.—Background-subtracted BAT (fop) and Konus-Wind (bottom) light curves on the same timescale. The plots have been adjusted so that the trigger time for
both plots is the same relative to the burst. 7 in the lower plot is 7o( BAT) plus the propagation time between the spacecraft (0.742 s). BAT data are binned to 1 s
resolution throughout. K-W data are binned to 2.94 s resolution in survey mode prior to the burst trigger and are binned to 1 s resolution in GRB follow-up mode after the
trigger. Note that the precursor at 7y — 65 s is detected in both BAT and K-W while posttrigger flares seen in the BAT at Ty + 50, 7 + 65, and Tj) + 105 s are not clearly
detected by K-W. This suggests a harder spectrum for the precursor than the posttrigger flares, which is confirmed by joint BAT/K-W spectral fits. The main burst
consists of three closely spaced, overlapping pulses in both the BAT and K-W energy ranges. The K-W light curve decays rapidly to background level by 7 + 15 s,

while the BAT light curve continues to show low-level emission out to 7 + ~ 200 s.

of the observations and analysis carried out by each instru-
ment team. All spectral fits were performed using XSPEC
version 11.3.

2.1. Swift BAT

The Swift BAT (Barthelmy et al. 2005a) triggered on GRB
050713A at 04:29:02.39 UT, measuring a peak 1 s flux of 6.0 =
0.4 photons cm~2 s~!. The Ty, measured in the 15-350 keV
energy range is 70 £ 10 s (Palmer et al. 2005). The onset of the
burst as defined by the BAT trigger is preceded by a weak, hard
(photon index = 1.26) precursor at 7y — 60 s. BAT data were
processed using the BAT ground software build 11 and BAT
Calibration Database files build 11.

At the time of the BAT trigger, the flux rose rapidly and re-
mained elevated during a 12 s long, multipeaked burst (Fig. 1).
At Ty + 12 s, the BAT flux rapidly decayed with a power-law decay
rate of o ~ 8 for 5 s before breaking to a more shallow decay

of a ~ 2.5 at Ty 4+ 17 s. This decay continued until 7 + 40 s, at
which point the BAT flux had decayed to near background levels.
At Ty + 505, a flare is seen with peak flux 2 x 1078 ergscm™2s 7!,
extrapolated into the XRT 0.2—10.0 keV bandpass, followed by a
flare with peak flux 3.5 x 107 ergscm~2s~! at Ty + 65 s, another
at Ty + 105 s with peak flux 1 x 107 ergs cm™2 s~!, and some
hint of further emission at the onset of a flare seen in the XRT at
Ty + 160 s. A weak but statistically significant precursor is seen
at To — 70 to Tp — 50 s, followed by a period of no significant
emission from 7y — 50 s to the burst trigger.

The spectrum of the entire BAT data set is well fit by a power-
law spectrum with photon index = 1.58 4 0.07, although there
is evidence for a slightly harder index of 1.45 during the plateau
and a softening to I' = 1.60 during the rapid decay, and further
softening to I' = 2.0 during the weak flares. Using the global fit
of I' = 1.58, the fluence is (9.1 £ 0.6) x 107 ergs cm ™~ in the
15—-350 keV energy range.
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Fig. 2.—Plot of Konus-Wind data in three bands and associated band ratios during burst prompt emission. Data binning is 64 ms.

2.2. Konus-Wind

GRB 050713A triggered Konus-Wind (K-W) (Aptekar et al.
1995) at ToH(K-W) = 04:29:01.745 UT. It was detected by the
S2 detector, which observes the north ecliptic hemisphere, with
an incident angle of 18.1°. The K-W light curve in three bands
is shown in Figure 2. The propagation delay from Wind to Swift
is 1.387 s for this GRB. Correcting for this factor, one sees
that the K-W trigger time corresponds to 7 + 0.742 s. Prior to
To(K-W) —0.512 s, data were collected by K-W in a survey
mode with lower time resolution of 2.944 s and only three broad
spectral channels, 18—70, 70—300, and 300—1160 keV. From
To(K-W) to To(K-W) 4+ 491.776 s, 64 spectrain 101 channels
were accumulated on timescales varying from 64 ms near the
trigger to 8.19 s by the time the signal became undetectable.
The multichannel spectra cover the 18 keV to 14 MeV energy
range, but no statistically significant emission is seen above
2 MeV. Data were processed using standard Konus-Wind anal-
ysis tools.

Joint spectral analysis was carried out using the BAT data be-
tween 15 and 150 keV and the KONUS data from 20 to 2000 ke V.
The spectra were fit by a power-law model with an exponential
cutoff: dN/dE x E~%e~C~E'E, where E,, is the peak energy of

the vF), spectrum and « is the photon index. The spectrum of the
main pulse is well fit (Fig. 3) with photon index = 1.26 + 0.07
and E, = 421174° keV (x? = 138/119 dof). Joint fits between
BAT and Konus were also made for other time intervals, includ-
ing one which shows the faint precursor detected by both instru-
ments at Ty ~ —60 s, and will be addressed in greater detail in
§3.3.

The main pulse fluence in the 20 keV to 2 MeV range is
8.08f?j§§ x 107 ergs cm~2. The 256 ms peak flux measured
from T, + 1.2 s in the 20 keV to 2 MeV band is 1.34f8:}é X
107> ergs cm~2 s~!, and the Ty durations of the burst in the
G1, G2, and G3 energy bandsare 17 £2,14 +4,and 12 + 25,
respectively.

2.3. Swift XRT

The XRT (Burrows et al. 2005a) performs an automated se-
quence of observations (Hill et al. 2004) after Swift slews to a
GRB detected by the BAT. When the spacecraft first settles on
the target, a short image (0.1 s followed by a longer 2.5 s image
if a position is not determined in 0.1 s) is taken to determine an
accurate position. Following the image, the XRT switches into
either Windowed Timing (WT) mode (a high timing accuracy
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Fic. 3.—Plot of joint SED of Konus-Wind and BAT data during burst prompt emission, showing E .. = 421 keV. Triangles: K-W data. Crosses: BAT data. Data

channels have been grouped where appropriate to produce significant data points.

mode with one-dimensional position information) if the source
count rate is above 2 counts s~ !, or Photon Counting (PC) mode
(the more traditional operating mode of X-ray CCDs in which
full two-dimensional position information is retained but with only
2.5 s timing resolution) if the count rate is below 2 counts s~ .

XRT collected a 0.1 s Image Mode frame upon settling on
GRB 050713A 73 s after the BAT trigger, which yields a count
rate of 314 counts s~!. Following the Image Mode frame, XRT
cascaded down through its automated mode sequence and col-
lected its first WT frame 4.5 s later. At the onset of the WT data,
the XRT count rate was about 100 counts s~! and decaying as a
power law. This initial power-law decay in the XRT WT data,
together with the Image Mode data point measured at a flux level
~3 times higher just 4.6 s earlier, clearly indicates that the XRT
settled and began taking data during the latter portion of the flare
detected in the BAT at 7 + 65 s (see Fig. 4). XRT remained in
WT mode throughout the entire first orbit of data collection on
GRB 050713A, also observing the flare detected by the BAT at
Ty + 105 and a lower level flare not clearly detected by the BAT
at 7o + 155 s.

Following a 65 minute period of occultation by the Earth,
XRT began observations again at 7y + 4300 s, now observing in
PC mode since the count rate of the source had decayed below
2 counts s~ . A small flare at 7 + 10 ks and the indication of an-
other flare at Ty + 45 ks are seen in the late-time XRT light curve
data, superimposed on an otherwise steady power-law decay. XRT
observations continued to monitor the source until 7y + 1.8 x10° s,
a total exposure time of 178 ks, at which time the source had
decayed below the XRT detection threshold.

XRT data are processed using the xrtpipeline ground soft-
ware version 0.9.9, the redistribution response matrices swxwt0to2 _

20010101v007.rmf (WT data) and swxpcOto12_20010101v007
.rmf (PC data), and ancillary response files generated with the
xrtpipeline task xrtmkarf.

2.3.1. XRT GRB Position Analysis

The X-ray afterglow position determined from ground pro-
cessing of the data is R.A. = 21122™9 8%, decl. = +77°429.0"
(J2000.0), with an uncertainty of 3.2”. This is 10.5” from the
reported BAT position, 0.5” from the optical counterpart reported
by Malesani et al. (Malesani et al. 2005), and 1.5” from the initial
XRT position calculated on board the satellite and automatically
distributed via the GCN network (Falcone et al. 2005). An X-ray
image compiled from the first segment of XRT PC data is shown
as Figure 5 with the BAT, XRT, and optical counterpart error cir-
cles displayed. A faint background source is detected 30” due
south of the GRB afterglow at a constant flux level of (7 £ 2) x
10~* counts s~ . The contribution of this steady source has been
removed from the calculation of the afterglow light curve.

2.3.2. XRT Temporal Analysis

A time line of the XRT (as well as other) observations of GRB
050713A is shown in Table 1. The light curve will be broadly
treated in two parts. The first part is the initial orbit of data, dur-
ing which the light curve is characterized by bright flares that are
simultaneously observed by the BAT and the K-W instrument at
higher energies. Due to the extreme variability in this portion of
the light curve, a global decay index cannot be determined from
the XRT data. The second part is the remainder of the XRT data
from the second orbit onward, which is characterized primarily
by a broken-power-law decay, although at least one small flare is
seen superimposed atop this global decay.
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Fic. 4—X-ray/gamma-ray/optical light curve of GRB 050713 A. Top: Multicolored points are Swift and XMM data scaled to the left y-axis. Black crosses are K-W
data scaled to the right y-axis. Fluxes are extrapolated into the 0.2—10 keV energy range. The diamond, cross, and arrow are optical observations and scaled to the inset
y-axis. The scaling of the inset y-axis is consistent with the outer, left y-axis such that 1 mag is equal to a factor of 2.5 in flux. The window of MAGIC observations
is shown by the horizontal bar. The dashed line is the supposed underlying power-law decay. Data from 7 + 4 to T + 16 ks are well fit by a flatter power law of slope

t—0.8

, implying an energy-injection phase. A break to a steeper decay of ¢~ 145 occurs at Ty + ~ 25 ks. We note the similar decay slopes in each of the three flares seen by

XRT. Optical data are plotted with a fitted power-law decay of ¢!, Bottom: A close-up of the flares. Green bars indicate the segments of joint spectral fits.

First orbit—Swift finished slewing to GRB 050713A at Tj +
73 s, during the flare which began at Tj + 65 s. The XRT short
image frame is collected just after the peak of this flare, at a
flux of 1.2x 107 ergs cm™2 s~!, and the first 20 frames of
WT data record the decay of the flare. Fitting a simple power
law to this decay from Ty + 79 to Ty + 100 s, setting T to
be the BAT burst trigger time, we find a power-law index of
5.6 £ 1.8 (1 0). At Ty + 105 s a new flare begins, which rises
with a power-law index of 23.3 £ 4.5 for 5-10 s, flattens at
the peak of ~9 x 107 ergs cm~2 s~! for 5-10 s, then decays
with a more shallow power-law index of 8.4 & 1.7 for about
30 s. At Ty + 165 s a third flare is detected, which rises with a
power-law slope of 8.9 &+ 3.1for 5—10 s, flattens at the peak of
~1.5 %1077 ergs cm2s~! for 5-10 s, then decays with a slope
of 6.1 £ 1.1 for 70 s before the end of the observing window
due to Earth occultation.

Second orbit and later—The second orbit of data in the XRT
is the only single orbit of data in which the afterglow is charac-
terized by a well-sampled (greater than 100 events total) light

curve devoid of any obvious flaring activity. During the 1600 s of
data in this orbit, from Ty 4+ 4360 to Ty + 5952 s, the light curve
decays steadily as a power law with decay index of about 1.0. The
third orbit of data is characterized by another flare, beginning at
To + 10 ks, lasting throughout the entire orbit (about 2 ks), and
reaching a peak flux of 1 x 107! ergs cm™2 s~!. A power-law
fit to the rising portion of the flare yields a slope of 5.8 £ 1.8,
while the decaying portion yields a slope of 11.0 & 2.5. This
flare seems to be superimposed atop the underlying afterglow
decay of decay index « ~ 1. Observations were interrupted
after 150 s during the fourth orbit due to the occurrence of GRB
050713B, and observations of GRB 050713A remained sus-
pended until 7j + 40 ks. Some suggestion of another flare is
seen in the orbit of data beginning at 7 + 45 ks, although the
statistics are poor. While afterglow data from the XRT alone do
not clearly require a break in the afterglow power law, XMM-
Newton data (see § 2.4) from T + 21 to Ty + 50 ks provide an
accurate measure of the late-time decay slope (o« = 1.45), which
cannot fit the XRT data from orbits 2 and 3 without a break in
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the power law. The joint XRT—XMM-Newton light curve will sibly indicating a period of energy injection (Nousek et al. 2006).

be further discussed in § 2.4. Table 2 summarizes the flares and The third orbit is well fit by a softer power law similar to that

their temporal fits. which fit the first orbit with photon index = 2.25 £+ 0.23 and
Nyg = (4.14£0.7)x 103"

2.3.3. XRT Spectral Analysis During the period of overlapping coverage between Swift and

The XRT spectral analysis of this burst is somewhat compli- XMM-Newton, XRT has 3.5 ks of exposure time at a mean count
cated by the high degree of flaring activity seen. In all cases, rate of 0.04 counts s~! for a total of about 150 events during the
spectra are binned to a minimum of 20 counts per bin in order to simultaneous observing period. Fitting a spectrum to this over-
use 2 statistics. Fitting the entire first orbit of data, the spectrum lapping coverage yields a photon index = 1.9 & 0.30 and Ny =
is well fit by a highly absorbed power law with photon index = (4.0 £+ 0.15) x 102!, The corresponding mean unabsorbed 0.2—
2.28 £0.04 and Ny = (4.8 +0.2) x 10%! cm~2, which is sig- 10.0 keV flux during the overlap period as measured by XRT is
nificantly above the Galactic column (1.1 x 102! ¢cm™2) in the (3.4+0.34)x10-12 ergs cm 257!,
direction of GRB 050713A. We are also able, due to the large The data collected after the third orbit (i.e., after the temporal
number of counts in each of the early flares in the data set, to fit break in the light curve at 7 + ~ 20 ks) are too sparse to justify
a spectrum to both the rising and decaying portions of the flares. fitting with higher order models, but a simple absorbed power
In doing so we see the typical hard to soft evolution of the flares law fit yields a spectrum of photon index = 2.8 4= 0.6 with Ny =
(Zhang & Mészaros 2004). (5.6 +0.2) x 1021, This is consistent with the X-ray photon in-

The second orbit of data shows a significantly different spec- dex found in orbits 1 and 3 and is marginally softer than the pho-
trum from the first, with a harder spectrum with photon index = ton index found during orbit 2, which as noted above suggests
1.9 4 0.13 and a lower value of Ny = (3.1 +0.43) x 10?', pos- a period of energy injection.

TABLE 1

A SumMARrY ofF HiGH-ENERGY OBSERVATIONS OF GRB 050713A

Start Time Stop Time Live Time Time since BAT Trigger
Observatory and Instrument (UT) (UT) (s) (s)
SWIft BAT ..o 2005 Jul 13, 04:29:02.4 2005 Jul 13, 04:32:00 178 0
Konus-Wind. ..... 2005 Jul 13, 04:29:03.1* 2005 Jul 13, 04:37:14.8 491.8 0.7
MAGIC (limit) .... 2005 Jul 13, 04:29:42 2005 Jul 13, 05:06:45 2223 40
Swift XRT ........ . 2005 Jul 13, 04:30:14 2005 Aug 01, 04:37:02 167740 72
XMM-NEWIORN ... 2005 Jul 13, 10:17:00 2005 Jul 13, 18:22:00 20900 21000

? The Konus-Wind trigger time corrected for the propagation time from Wind to Swift.
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TABLE 2
GRB 050713A: X-RaY FLARE PARAMETERS

Start Time Stop Time Duration Peak Flux
(s) (s) (s) Rise Index o* Decay Index o® (ergs cm™2 s71)
79 101 22 NA 56+ 1.8 3x1078¢
101 161 60 23345 84418 9 x 107°
161 304 143 89+ 3 6.1 +12 1.5 x107°
9751 11840 2089 576 £ 1.8 110 £ 24 1 x 1071

? Index « (unitless) of a power-law fit to the rise of the flare with T, = BAT trigger time; ', o< (1 — Tp)“.

® Index « (unitless) of a power-law fit to the decay of the flare with 7y = BAT trigger time; ', o< (t — Tp) ™.
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¢ From BAT.

2.4. XMM-Newton

XMM-Newton follow-up observations of GRB 050713 A com-
menced at 7 + 23.6 ks (for the EPIC pn) and T + 20.9 ks (for
the two EPIC MOS cameras). The XMM-Newton data were pro-
cessed with the epproc and emproc pipeline scripts, using the
XMM-Newton SAS analysis package, version 6.5. A bright rap-
idly decaying source is detected near the aim point of all three
EPIC detectors, localized at R.A. =21"22"9 4% decl. =+77°4'28.1"
(J2000.0). The net exposures after screening and dead-time cor-
rection are 24.1 ks (pn) and 27.0 ks (MOS). All three EPIC
cameras (pn and two MOS) were used in Full Window Mode
with the medium filter in place.

Source spectra and light curves for all three EPIC cameras
were extracted from circular regions of 20” radius centered on
the afterglow. Background data were taken from a 60" circle on
the same chip as the afterglow, but free of any X-ray sources. Fit-
ting the afterglow light curve with a simple-power-law decay re-
sults in a decay index of « = 1.45 & 0.05. Several flares are present
in the background light curve, so as a conservative check, we

also excluded times where the background rate is >0.1 counts s .
The afterglow decay rate is then o« = 1.39 4 0.09, consistent with
the above value. The decay rate from the MOS light curve (for the
two detectors combined) is also consistent at o = 1.35 + 0.06.

2.4.1. XMM-Newton Spectral Analysis

Afterglow and background spectra were extracted with the
same regions used for the light curves, while ancillary and re-
distribution response files were generated with the SAS tasks
arfgen and rmfgen, respectively. As with XRT data, source
spectra were binned to a minimum of 20 counts per bin in order
to use 2 statistics. The pn and MOS spectra were fitted jointly,
allowing only the cross normalization to vary between the detec-
tors, which is consistent within <5%. The two MOS spectra and
responses were combined to maximize the signal-to-noise ra-
tio, after first checking that they were consistent with each
other. The average net source count rates obtained over the
whole observation are 0.58 4 0.01 counts s~! for the pn and
0.20 £ 0.01 counts s~ per MOS module.

Counts s~ kev™!

ratio
1
T
i
el
.IEEE—

0.5 1

channel energy (keV)

FiG. 6—PN spectrum from the first 8 ks of the XMM-Newton observation. The top panel shows the PN data (crosses) with best-fit model (solid line) overlaid, which
consists of an absorbed power law with photon index =2.07 and Ny = 3.2 x 10?! cm~2. The bottom panel shows the data /model ratio residuals to this continuum model.
A weak excess of counts is seen near 0.8 and 3 keV, although if interpreted as emission lines, the detection is not significant.
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Fic. 7.—Joint Swift XRT and XMM-Newton PN light curve. Swift data are from 7 + 4 to Tj + 1000 ks. Swift XRT points are shown in black and XMM-Newton in
red. The afterglow flux is measured in the 0.5—10 keV band, not correcting for absorption. The solid line plotted to the different segments of data is a broken-power-law
decay model, outlined in the text. The XMM-Newton decay index (o = 1.45) is considerably steeper than in the XRT at earlier times (o = 1.0), suggesting that a break

occurs in the light curve decay at around 7, + 25 ks.

Allowing the absorption column to vary in the spectral fit
results in a formally acceptable fit (y2/dof = 515/496). The
Ny value obtained is (3.1 £ 0.1) x 102! cm ™2, while the continuum
photon index =2.07 £ 0.04. The time-averaged, unabsorbed, 0.2—
10.0 keV flux obtained for the afterglow is 3.2 x 10~ ergs cm—2
s~!. These values are consistent with the Swifi XRT measure-
ment obtained at the time of the XMM-Newton observation.

The XMM-Newton afterglow spectra were also sliced into three
segments of approximately 8 ks in length, in order to search for
any spectral evolution within the XMM-Newton observation. No
change in the continuum parameters was found, all three spectral
segments being consistent with photon index =2.1 and Ny = 3 x
102! ¢cm™2. The spectrum obtained from the pn detector and re-
siduals to an absorbed-power-law model (with I' = 2.08 4 0.02
and Ny = 3.2 x 10?! cm~?) are shown in Figure 6.

2.4.2. Joint XMM-Newton and Swift Modeling
of the Late-Time Afterglow

The power-law decay index obtained from the XMM-Newton
observation (o = 1.4) appears to be steeper than that obtained
from the Swift XRT in orbit 2 (ov = 1.0). In order to compare
between the XMM-Newton and Swift afterglow light curves, a
combined light curve from the XMM-Newton and Swift obser-
vations was produced, scaling to the absorbed continuum fluxes
measured in the 0.5-10 keV band. The joint Swift and XMM-
Newton light curve is shown in Figure 7, zoomed to better dis-
play the region at which the light-curve break occurs.

A single-power-law decay slope of & = 1.20 4= 0.02 is an ex-
tremely poor fit to the light curve in this region, with a fit statistic
of x2/dof = 201.2/65. Indeed, the light curve from Ty + 4 until
Ty + 1000 ks can be better fitted with a broken power law. There

is a flat decay index of o = 1.02 £ 0.07 at early times and a
steeper decay index of o = 1.45 4 0.06 at later times, with the
break in the decay occurring at 7y + 25 £ 3 ks. The fit statistic
is then y2/dof = 90.2/59. The remaining contribution toward
the x? originates from two small possible flares present near
T0—|— ~ IOand T0+ N45 kS.

2.5. MAGIC

The MAGIC (Major Atmospheric Gamma Imaging Cherenkov)
Telescope (Mirzoyan et al. 2005) was able to observe part of the
prompt-emission phase of GRB 050713A as a response to the alert
provided by Swift. The observation, at energies above 175 GeV,
started at 7y + 40 s, 20 s after reception of the alert. It overlapped
with the prompt-emission phase measured by Swift and K-W,
and lasted for 37 minutes, until twilight. The observation win-
dow covered by MAGIC did not, however, contain the burst-
onset peak detected at keV—-MeV energies, where the Swift and
K-W spectra were taken. The same region of the sky was observed
48 hr after the burst onset, collecting an additional 49 minutes of
data, which was used to determine the background contamination.

The MAGIC Telescope is currently the largest single-dish im-
aging air Cerenkov telescope (IACT) in operation, with the low-
est energy threshold (60 GeV at zenith, increasing with zenith
angle). In its fast slewing mode, the telescope can be repositioned
within ~30 s. In case of an alert by GCN, an automated procedure
takes only a few seconds to terminate any pending observation,
validate the incoming signal, and start slewing toward the GRB
position, as was the case for GRB 050713A.

Using the standard analysis, no significant excess of gamma-
like air showers from the position of GRB 050713 A above 175 GeV
was detected (Albert et al. 2006). This holds both for the prompt
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Fic. 8.—MAGIC observations. Filled circles: Number of excess events for 20 s intervals, in the 37 minute window after the burst onset. Open circles: Number of
background events in the signal region. No significant source signal is detected above the background. [See the electronic edition of the Journal for a color version of

this figure.]

emission and during the subsequent observation periods. Figure 8
shows the number of excess events during the first 37 minutes
after the burst, in intervals of 20 s. For comparison, the number of
expected background events in the signal region, stable and com-
patible with statistical fluctuations, is shown. Upper limits to the
gamma-ray flux are given in Table 3. This is the first observation
of the GRB prompt-emission phase performed by an IACT.

2.6. Optical and Other Follow-Up Observations

Optical follow-up observations of GRB 050713 A performed
by the UVOT and by ground-based observatories are summa-
rized in Table 4.

The earliest optical afterglow measurement comes from the
RAPTOR-S robotic telescope at the Los Alamos National Lab-
oratory in Los Alamos, New Mexico, at R = 18.4 £+ 0.18 ina co-
added series of 8 x 10 s images with a midpoint observation time
of Tp+ 99.3 s (Wren et al. 2005). A nearly simultaneous mea-
surement was made by the robotic Liverpool Telescope in a co-
added series of three ~2 minute exposures in the 7' band with a

TABLE 3
MAGIC Urpper Livits o GRB 050713A

Frux Limirs

ENERGY Excess EVEnTs  EFFECTIVE AREA

(GeV) (UppErR LimvTs) (x108 cm?) em 2 keV~'s7!  crab
175-225....... 8.5 1.7 1.3 x 1077 7.6
225-300....... 10.4 3.4 39 x 10718 4.8
300-400....... 6.0 53 1.6 x 10718 3.8
400-1000..... 43 6.5 23 x 107Y 33

Notes.—MAGIC upper limits (95% CL) on GRB 050713A between
To + 40 and 7, + 130 s. Limits include a systematic uncertainty of 30%. The
crab unit = 1.5 x 107 x (E/GeV )28 photons cm 2 s~ GeV .

midpoint of observation of 7y + 3 minutes (Malesani et al. 2005).
Later detections below the Digitized Sky Survey limits were
reported within the first 60 minutes after the burst trigger in the
R band by the Nordic Optical Telescope (7 + 47 minutes), in
the 7 band by the Galileo Italian National Telescope in the Canary
Islands, and in the infrared J, H, and K bands by the Astronom-
ical Research Consortium Telescope at Apache Point Observa-
tory (7o + 53 minutes).

Due to the bright (V' = 6.56) star HD 204408, which is lo-
cated just 68” from the position of the burst, the UVOT back-
ground level at the position of the afterglow is significantly higher
than usual, resulting in abnormally poor sensitivity of the instru-
ment in detecting the afterglow of GRB 050713A. Considering
this high background, the nondetection of the afterglow by the
UVOT is not surprising.

All other reported optical observations of the afterglow posi-
tion have yielded only upper limits. Most of the upper limits are
near in time to the actual detections but at brighter magnitudes
and thus do not produce strong constraints on the decay rate of
the optical afterglow. The R-band measurement made at 7, +
10.3 hr by the Lulin Telescope in Taiwan, however, is at a suffi-
ciently late epoch to place a useful constraint on the optical decay
rate. Fitting a simple power law to the two well-defined measure-
ments at 7y + 99.3 and 7 + 180 s and the upper limit at 7y +
10.3 hr yields an upper limit on the power-law decay slope of
«a > 0.5, as shown in Figure 4.

A radio follow-up observation made with the VLA reports no
detection at 7 + 4.3 days.

3. DISCUSSION
3.1. Multispectral Light Curve Overview

The K-W light curve in the 18—1160 keV energy range is sim-
ilar to the Swift BAT light curve (Fig. 1). The small precursor
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TABLE 4
GRB 050713A: GrounD-BASED OpTICAL AND RaDIO FoLLow-Up

Vol. 654

Observatory Time Band Magnitude/ Limit
McDonald Observatory, TeXas ........ccc.ceeveerccrrruennes Top+224s Unfiltered 17.7 (limit)
RAPTOR-S, LANL .....cocooiiiiiiiinnrnenecceees To+99.3s R 18.4 £ 0.18
Liverpool Robotic Telescope, Canary Islands .... To+ 180 s ! 19.2
SWI ettt To+252s vV 17.98
Tp+ 309 s U 17.81
To+311s UvM2 17.13
Ty +325s UVWwl 16.85
To+ 326s uvw2 17.08
Ty +351s B 18.08
Red Buttes Observatory, Wyoming...........c.cccceeeeeene Ty + 27 minutes R 19.4 (limit)
To + 31 minutes 1 18.2 (limit)
Nordic Optical TeleSCope ........c.cceurucrevcriiricuceninienne Ty + 47 minutes R < DSS limit
Galileo National Telescope, Canary Islands ... Ty + 48 minutes 1 < DSS limit
ARC Telescope, Apache Point Observatory ... . Ty + 53 minutes J,H, K Detected
Red Buttes Observatory, Wyoming............ccccceveueneee. To + 93 minutes R 19.4 (limit)
T + 98 minutes 1 18.7 (limit)
Lulin Telescope, Taiwan...........ccceeerererireerecrenuenenenes To + 10.3 hr R 22.4 (limit)
VLA, NRAO ... Ty + 4.3 days 8.5 GHz 96 ply

peak detected by BAT at Ty — 70 to 7o — 50 s is seen by K-W at
statistically significant levels in all three broad, pretrigger bands:
G1 (18-70 keV), G2 (70-300 keV), and G3 (300—1160 ke V).
The other smaller peaks detected by the BAT after the burst trig-
ger are not seen at statistically significant levels in the K-W data,
despite the fact that the peaks at 7 + 50 and T + 65 s are more
intense in the BAT energy range than the precursor is. The detec-
tion by K-W of the precursor but not the later flares is indicative
of the harder spectral index seen in the precursor as compared to
the later flares (see § 3.3 for discussion of separate spectral fits to
individual flares).

The XRT light curve with BAT data overplotted is shown in
Figure 4. Both the X-ray and gamma-ray data in the first orbit are
dominated by flaring activity, making it difficult to draw a con-
clusion regarding the underlying power-law decay index from
this orbit alone. The XRT data beginning at T + 4 ks (orbit 2)
and extending until 7 + 40 ks show a significantly flatter power-
law decay slope of & = —0.8, implying that a break in the power-
law decay has occurred near the end of the first orbit of XRT
coverage at 7o+ ~ 300 s and that a period of energy injection
occurs from 7o+ ~ 300 s to 7o+ ~ 15 ks. Another break in the
light curve then occurs near 7 + 25 ks to a steeper, “normal,”
pre-jet-break decay slope, as shown by the XMM-Newton data
(v ~ 1.4). Support for this notion of the presence of an energy-
injection phase may be drawn from the harder X-ray spectral
slope of the second orbit of XRT data (photon index = 1.9 +
0.13) compared to the first orbit (photon index = 2.28 4 0.04),
the third orbit (photon index = 2.25 £ 0.23), and the later data
(photon index =2.8 £ 0.6) (Table 5). XMM-Newton data cover-

age nicely fills much of the data gap in the XRT coverage be-
tween Ty + 15 and T + 40 ks and provides high signal-to-noise
data in this regime, producing a confident determination of the
light curve break.

The global picture of the light curve of this burst is one in
which the early data (prior to 7 + 12 s) show a bright plateau in
the 15 keV to 1 MeV energy range, consisting of multiple over-
lapping peaks. At Ty + 12 s the emission drops rapidly, consis-
tent with a curvature radiation falloff (Zhang et al. 2006) until
subsequent flaring activity begins to be seen in the 0.3—150 keV
region with some indication of flux at higher energies from K-W.
Due to the rapid rise and decay of the flares, internal shocks from
continued central-engine activity appear to be the most likely ex-
planation for these flares (Ioka et al. 2005). The earliest ground-
based optical detections are reported at this time also, suggesting
that the flares may also be optically bright. The lack of higher
resolution timing information in the optical data, however, ad-
mits the possibility that the optical emission may be unassociated
with the emission mechanism responsible for the X-ray flares. It
is possible that the optical emission is due to synchrotron emis-
sion from the reverse shock (RS), although the much higher flux
level of the X-ray flare peaks compared to the optical measure-
ments suggests that the X-ray flares themselves are not due to
inverse Compton scattering of the optical synchrotron emission
of the RS (Kobayashi et al. 2007; Gendre et al. 2007).

Following this prompt-emission phase, an energy-injection
phase begins that dominates the light curve until at least 7 + 16 ks.
During the energy-injection phase, continued activity of the central
engine adds energy to the afterglow of the burst, either through

TABLE 5
Swift AND XMM-Newton SPECTRAL FiTs PREBREAK AND POSTBREAK

Observatory Photon Index

Nu
(em™?)

Comment

Swift orbit 1 ....cccccevvveneeee. 2.28 £ 0.04
Swift orbit 2 .... 1.90 £ 0.13
Swift orbit 3 ........ . 225+0.23
Swift after orbit 3............. 2.8 £ 0.6

XMM-Newton ................... 2.1 £0.05

(4.8 +£0.2) x 102!
(3.1 £ 0.4) x 102!
(4.1 £0.7) x 10%
(5.6 £ 0.2) x 102!
(3.0 &£ 0.1) x 102!

Pre-energy-injection phase
Energy-injection phase

Flare during energy injection
Postbreak

Postbreak
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additional ejection events or through the realization of energy
contained in previously ejected outward-moving relativistic shells
that only collide at later times, producing late-time internal-shock
emission that is then added to the overall decay (Zhang et al.
2006). It may be expected, if the energy-injection phase is due
to continued central-engine activity, that flaring behavior would
continue to be observed during this period, and indeed, some ev-
idence for small-scale flaring activity during both the second and
third orbit of XRT data can be seen, although at a much reduced
significance in comparison to the flaring activity of the first orbit.
Near Ty + 25 ks, the energy-injection phase ends, giving way to
a steeper decay slope similar to what is often seen in GRBs after
the prompt-emission phase and prior to the possible onset of a
traditional jet break (Nousek et al. 2006).

3.2. Flares

Many flares superimposed on top of the overall decay of GRB
050713 A show the typical properties seen in other bursts: that
6t/t ~ 0.1 and that the peak flux level is negatively correlated with
the time of the flare (Falcone et al. 2006; Barthelmy et al. 2005b).
These two properties of flares seen in Swifi GRB afterglows have
been cited as evidence for flares being produced through accretion
processes onto the central compact object (Perna et al. 2006), but
we offer here that the constancy of the 8¢/t value of flares may
partly be a by-product of the overall decay of the afterglow in
so far as the sensitivity of the XRT to flares is naturally degraded
as the overall flux level of the afterglow decays, thus requiring
flares at later times (and hence, lower flux levels) to be longer in
duration for enough counts to be collected to produce a signifi-
cant flare seen above the background. Such a case can be seen in
comparing the early-time flares in the first orbit of GRB 050713A
to the flare seen in the third orbit. During the first orbit, the un-
derlying flux level beneath the flares is poorly determined, but
can be assumed to be 10—100 counts s~!. We are dominated in
this portion of the light curve by the Poissonian error in the flux,
which in a 10 s integration will be 10—32 counts, or 3%—10%.
Thus, for a flare to appear at the 6 o level above the background
during this portion of the light curve, at most a 60% increase in
fluence above the normal power-law decay is needed, which can
be acquired in a few seconds by the introduction of a flare with
twice the flux of the underlying afterglow. During the third or-
bit, however, the underlying afterglow flux level has dropped to
~0.1 counts s~!. During a 10 s integration at 0.1 counts s~! the
Poisson error alone is 1 count, so for a flare to be detectable at 6 o
above background at these count levels, the total fluence must be
6 counts, implying an increase in the rate from 0.1 to 0.6 counts s !
during the 10 s interval, a sixfold increase, which has been seen
only in the brighter flares. In order to be sensitive to the same
60% increase in flux level as during the first orbit, the flare that
occurs at a flux level of 0.1 counts s~! needs to have a Poisson
error that is one-sixth of the total counts in the observation, i.e.,
36 counts must be collected, which implies an exposure time of
at least 180 s if produced by the introduction of a flare with twice
the flux of the underlying afterglow. In other words, because the
afterglow flux level decays as 1=, the exposure time needed to
acquire the same fluence level increases as #*. Thus, we see that
in moving from the first orbit at 7y + 100 s to the third orbit at
Ty + 10,000 s, assuming a typical underlying power-law decay
of the afterglow of o ~ 1, we have greatly decreased the tem-
poral resolution of the XRT to detect flares (from a few seconds
to a few hundred seconds). This is not to imply that there is not
another more physical cause for the constancy of the 6¢/¢ ratio
seen in flares, but rather to note that the typical GRB seen by
the Swift XRT does not provide sufficient flux at times typically
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greater than a few ks to detect the shorter timescale flares that are
so often seen during the first orbit.

In GRB 050713A, a hint of emission above the afterglow
power-law decay appears in the XRT data at 7y + 45 ks, although
the statistics are, predictably, poor. This time is overlapped by
XMM-Newton data, however, so we can look for evidence of a
short flare in the XMM-Newton data at this time. In Figure 9 we
show the XMM-Newton light curve, plotted linearly and zoomed
near Ty + 45 ks. Although a 1-2 ¢ deviation above the back-
ground decay is seen at T + 45 ks, the XMM-Newton data ap-
pear consistent with a statistical fluctuation rather than a true flare
similar to those seen earlier during the burst.

The presence of multiple flares in GRB 050713A argues
against “one shot” emission mechanisms such as synchrotron
self-Compton emission in a reverse shock or deceleration of the
blast wave (Piro 2005a), and it argues in favor of a mechanism
that can produce repeated flares, such as late-time central-engine
activity. While it may remain possible that one of the several
flares in GRB 050713 A is due to the RS or the onset of the after-
glow due to external shocks, the steep temporal decays of all the
temporally fitted flares coupled with the photon indices of the
flares (~1.25-2.5; Table 6) do not satisfy the closure relations
of Sari et al. (1998), Chevalier & Li (1999), and Sari & Piran
(1999) for propagation of the blast wave into either a wind or
constant-density ISM. Together these points seem to argue in
favor of an internal-shock origin for the flares seen in this burst.

3.3. Joint Spectral Fitting

Due to the relatively narrow spectral response function of the
BAT (15-150 keV for mask-tagged events) and the XRT (0.3—
10 keV), a spectral fit to data from only one of the two high-
energy instruments on Swiff is usually not able to discriminate
between higher order spectral models. Analysts and authors are
usually limited to choosing between a power-law or Band func-
tion. In GRB 050713A we have a rare case of data coverage over-
lap between BAT and XRT (0.3—150 keV) and also between BAT
and K-W (15 keV to 14 MeV). Taking advantage of this where
appropriate, considering the relative flux levels in the three in-
struments, we have jointly fitted spectral data sets between the
two pairs of instruments. During the precursor and from 7 + 0
to Ty + 16.5 s, we perform joint fitting between BAT and K-W
data. From Tj + 16.5 to Ty 4+ 78 s we have only BAT data. From
To + 78 to Ty + 116 s and during the onset of the flare at 7 +
160 we perform joint fitting between XRT and BAT. We have
grouped the data into segments (as shown in Table 6) in order to
temporally separate data that we expect may show significantly
different spectral parameters. Segments 1—-4 contain BAT and
K-W data and are segmented to separate the precursor from the
prompt-emission and the prompt-emission from the rapid-decay
phase. Segment 5 contains BAT data only, and segments 6—10
contain XRT and BAT data. These are segmented to distinguish
the three flares that have overlapping data and also to separate the
rise of each flare from the decay of each flare. We attempt fits
to each of these segments using four different spectral models:
(1) an absorbed power law, (2) an absorbed cutoff or broken
power law (cutoff for data extending beyond 150 keV, broken
otherwise), (3) an absorbed Band function, and (4) an absorbed
blackbody plus power law.

3.3.1. Segment 1: Precursor (Ty — 65 to Ty — 55 s)

The precursor is the most poorly sampled of all the regions.
Despite the low number of counts in the region, a cutoff power
law is favored over a single power law at 90% confidence ac-
cording to the F-test. Of all the segments fit, the precursor has the
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Fi6. 9.—XMM-Newton light curves for the afterglow of GRB 050713A. The top panel shows the background-subtracted afterglow light curve for the PN detector.
Crosses show the GRB source counts (1 o errors); the solid line shows the best-fit decay rate of #~!°. Time is plotted compared to the initial BAT trigger. The bottom
panel shows the background light curve for the PN, normalized to the size of the source extraction region for comparison.

hardest photon index, regardless of the model that is used to per-
form the fits.

3.3.2. Segment 2: Prompt Emission Plateau (Ty + 0 to Ty + 8.5 s)

The plateau of the prompt emission is best fit by an expo-
nentially cut off power law model with photon index = 1.26 and
Epeac = 421 keV. Next to the precursor, the prompt plateau has
the second hardest photon index of all segments fit, regardless
of the model used.

3.3.3. Segment 3: Rapid Decay (Ty + 8.5 to Ty + 25 s)

As with the other data segments that contain K-W data, the
rapid-decay segment is poorly fit by a simple power law and is

best fit by a cutoff power law or Band function. The photon in-
dex of the cutoff power law in segment 3 is quite similar to that
in the prompt plateau, but the cutoff energy is somewhat lower
(312 keV, compared to 421 keV in the plateau), suggesting that
the highest energy flux is “shutting off > during the rapid-decay
phase.

3.3.4. Segment 4: Plateau + Early Rapid Decay (Ty + 0to Tp + 16.55)

This segment is an extension of the prompt segment to
slightly later times, encompassing slightly more data. The cut-
off power law or Band function is the best fit, with photon in-
dices similar to segment 2 and Ej,. between that in segments 2
and 3.



TABLE 6
GRB 050713A: Joint SpEcTRAL FiTs

SEGMENT
1 2 3 4 5 6 7 8 9 10
PARAMETER (6t = —70 to —49.5 s) (0-8.5s) (8.5-25s) (0-16.5 s) (59-68 s) (68-95 s) (100-113 s) (113-150 s) (159-171 s) (171-200 s)
Power law:
NHuveeveeeeeeeeeeeeeeieeanens NA NA NA NA NA 0.52 0.59 0.60 0.54 0.38
Photon index................. 1.26 1.44 1.61 1.47 1.83 2.47 1.72 2.68 2.52 2.55
X2 e 1.54 1.96 1.39 1.95 0.98 1.20 1.21 1.07 1.04 1.00
dof e 12 101 91 98 26 74 98 125 22 37
Cutoff power law:
Photon index................. 0.913 1.26 1.31 1.25 NA NA NA NA NA NA
270 421 312 400 NA NA NA NA NA NA
1.20 1.60 1.02 1.29 NA NA NA NA NA NA
11 110 90 100 NA NA NA NA NA NA
NA NA NA NA NA 0.58 0.43 0.45 NA NA
NA NA NA NA 0.95 2.69 1.26 1.93 NA NA
NA NA NA NA 5.8 4.1 34 1.8 NA NA
NA NA NA NA 2.1 1.5 2.0 2.8 NA NA
NA NA NA NA 1.06 1.31 1.03 1.04 NA NA
NA NA NA NA 23 73 97 124 21 36
NA NA NA NA NA 0.33 0.49 0.54 0.41 0.33
—1.13 —1.27 —1.27 —1.29 —2.01 —1.69 —1.46 —-2.32 —1.98 —2.17
—1.26 —9.36 —2.39 —-9.29 -9.07 —1.88 —9.36 —9.32 —9.04 —8.78
101 761 244 636 994 10.6 30.7 10.6 10.6 10.6
1.85 1.61 1.03 1.28 1.06 2.11 1.11 1.13 1.26 1.12
10 109 89 101 23 73 97 124 21 36
NA NA NA NA NA 0.59 1.17 0.63 0.50 0.44
3.59 59.4 26.4 44.97 NA 7.1 0.1 4.4 200 52
Blackbody norm.. 0.068 2.74 0.46 1.47 NA 0.07 2.48 0.01 2.90 0.01
Photon index... 1.00 1.64 1.76 1.63 NA 2.75 2.00 2.77 2.43 2.83
Power-law norm.. 0.053 13.97 7.69 11.65 NA 1.53 2.32 2.03 0.51 0.44
X2 ceveeeenenieniseeieseneeens 1.15 1.79 1.03 1.60 NA 1.33 1.04 1.07 0.90 0.98
dof e 10 109 89 101 NA 73 97 124 21 36

Notes.— We group the data into segments to separate times that may show different spectra. Segments 1—4 contain BAT and K-W data and are segmented to separate the prompt-emission from the rapid-decay phase.
Segment 5 contains BAT data only, and segments 6—10 contain XRT and BAT data. These are segmented to separate the rise and decay of each flare. We attempt fits to each segment using four spectral models: (1) an absorbed

power law, (2) an absorbed cutoff or broken power law, (3) an absorbed Band function, and (4) an absorbed blackbody plus power law. In segments where a particular model was inapplicable or the fit did not converge, NA is
entered in the table.
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Fic. 10.—Combined multiplatform SED of the early afterglow of GRB 050713A from T, + 20 to T + 300 s. Optical data are from RAPTOR-S at LANL and the
Liverpool Robotic Telescope, soft X-ray (0.2—10 keV) data are from Swift XRT, hard X-ray (15—150 keV') data are from Swift BAT, and gamma-ray upper limits are
from Konus-Wind (0.5-14 MeV ) and MAGIC (175-500 GeV). The three lines plotted over the data represent the three models discussed as proposed fits to the SED in
the text. The absorbed broken power law (solid line) is the only acceptable fit. The absorbed Band function (dashed line) and simple absorbed power law (dotted line) do
not appear reconcilable with the data. The results suggest that the GRB flare emission is characterized by a single mechanism well represented by a broken power law, or
that a more complex, possibly multicomponent emission mechanism is required to explain the complete SED. [See the electronic edition of the Journal for a color

version of this figure.]

3.3.5. Segment 5: Rise of Top + 60 s Flare (Ty + 59 to Ty + 68 s)

This segment contains only BAT data and is included for com-
pleteness, although the narrowness of the BAT spectral response
limits the ability to distinguish between models. A simple power
law is a good fit with a photon index of 1.83. Here Ny is un-
constrained. The power law plus blackbody model produces a
good fit to this segment, but only with a very minimal blackbody
component, effectively reproducing the fit of the simple absorbed
power law. Therefore we consider the power law plus blackbody
model inapplicable to this segment.

3.3.6. Segment 6: Decay of To + 60 s Flare (Ty + 68 to Ty + 95 s)

Only in this segment, the data time ranges are mismatched be-
tween XRT and BAT (due to XRT observations beginning to-
ward the end of the flare decay). Rather than ignore this flare
or consider only the later part of the flare decay where XRT and
BAT data coverage overlap, we have chosen to fit the entire BAT
time range from Ty + 68 to Ty + 95 s, together with the 7 + 79
to Ty + 95 s XRT data (note that the Image Mode data taken
at Ty + 73 s are highly piled up and cannot be used spectrally),
for consistency with our treatment of the other flares. A sim-
ple power law is a good fit to this segment, yielding Ny = 5.2 x
102! ¢cm~2 and a photon index of 2.47, significantly softer than
the rise of the flare, as expected.

3.3.7. Segment 7: Rise of Ty 4+ 100 s Flare (Ty + 100 to Ty + 113 s)

In the rise of the brightest flare seen in XRT, both an absorbed
power law plus blackbody model and an absorbed broken power
law model are significantly better fits (F-test probability 3 x 10~%)
than a simple absorbed power law. The power law plus blackbody

indicates Ny = 1.2 x 10?> cm~2 and a relatively soft photon in-
dex of 2.0 with a blackbody temperature of k7 = 0.1 keV. We
note that this value of £7'is below the XRT energy band and may
therefore indicate a nonphysical spectral solution. The absorbed
broken power law indicates Ny = 4.3 x 10?! cm~2 and photon
indices of I'y = 1.26 and I, = 2.01, broken at 3.4 keV. These
two models are somewhat degenerate in this data set, with both
models producing a rollover in flux at low (below 0.5 keV') and
high (above 50 keV) energies.

3.3.8. Segment 8: Decay of Ty + 100 s Flare (T + 113 to Ty 4+ 150 s)

The decay portion of this flare is well fit by a simple absorbed
power law with Ny = 6.0 x 10>! ¢m~2 and a photon index of
2.68. We note, however, that both an absorbed broken power law
and absorbed power law plus blackbody are equally good fits to
the data.

3.3.9. Segment 9: Rise of Tp + 160 s Flare (Ty + 159 to Ty + 171 s)

The rise of the last flare with overlapping data is well fit by a
simple absorbed power law with Ny = 5.4 x 102! cm~2 and pho-
ton index = 2.52; however, the absorbed power law plus black-
body is, strictly, a better fit according to the F-test, although only
at about the 80% confidence level (F-test probability = 0.219),
with Ny = 5.0 x 10?! em~2, kT = 200 keV, and a photon index
of 2.43. We note that this value of k7 is above the XRT-BAT
energy band and may therefore indicate a nonphysical spectral
solution.

3.3.10. Segment 10: Decay of Ty + 160 s Flare (T + 171 to Ty 4+ 200 s)

The decay of this flare is well fit by an absorbed power law
with Ny = 3.8 x 10?! cm~2 and a photon index of 2.55, although
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TABLE 7
GRB 050713A: SED Fit Data

Parameter Value

Power law:

43 x 10 cm™2
2.14
10 (65 dof)

(2.9 £ 0.3) x 10*' cm™2
1.1 £0.1
1.3 + 0.2 keV
22 +0.1
1.20 (63 dof)

(2.1 x 102y em™2
~13
-22
10.6 keV
2.97 (63 dof)

Notes.— A broadband SED (R-band optical data points to 500 GeV upper
limits) has been created, and we show the result of fits of three spectral models:
(1) an absorbed power law, (2) an absorbed broken power law, and (3) an ab-
sorbed Band function. We do not report errors on the parameters in the power-
law fit or Band function because these models are clearly unacceptable, as shown
by the large values of 2. Only the broken power law is an acceptable fit to the
entire SED.

as with segment 9, the absorbed power law plus blackbody is
also an acceptable fit with Ny = 4.4 x 10*! cm ™2, kT = 5.2keV,
and a photon index of 2.83. It should be noted that the BAT flux
is very near the noise level in this segment and really provides
only an upper limit on the spectral-fitting process in the higher
energy region.

3.4. Broadband SED

We have produced the broadband SED (spectral energy dis-
tribution) of the afterglow of GRB 050713 A over the time range
from Ty 4 20 to Ty + 300 s (Fig. 10). This time range includes de-
tections of the burst afterglow in the optical from the RAPTOR-S
and Liverpool telescopes (corrected for the Galactic extinction in
this direction of 4z = 1.04 [Schlegel et al. 1998]) and in the X-ray
from Swift BAT and XRT. It also includes upper limits in the
gamma-ray energy range from K-W (whose detectable emission
ends at Ty + ~ 10 s) and in the GeV energy range from MAGIC.
A similar SED has been addressed by the MAGIC collaboration
in their paper regarding the MAGIC flux upper limit (Albert et al.
2006), in which they note that the SED composed of data from
Swift and MAGIC (0.2 keV to 400 GeV ) is fit by a Band function
at low energy and that the MAGIC data are consistent with a
single unbroken power law extending from Ejcq (at ~400 keV)
to the MAGIC limits up to 500 GeV. We confirm this result, cit-
ing a best-fit photon index for a single-power-law fit from 400 keV
t0500 GeVof I' = 2.1 4- 0.1 and areduced x? = 1.66 for 63 dof.
We further note that in performing our fit to the MAGIC data, we
have treated the MAGIC upper limits as data points during our fit
and thus that our photon index of 2.1 is only a lower limit on the
true photon index of a power law that would fit the true flux level
at GeV energies. Our results here are, therefore, consistent with
the analysis of the Albert et al. in which they show that their
data are consistent with a power-law photon index of 2.5 from
400 keV to 500 GeV.

We add that a Band function fit is not, however, consistent
with the data when we also consider the contemporaneous op-
tical detections. The relative faintness of the optical detections
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compared to the X-ray detections combined with the upper limits
from K-W and MAGIC requires an absorbed broken power law
fit. Figure 10 shows the best fit to the entire SED using an ab-
sorbed power law (dotted line), absorbed broken power law (solid
line), and absorbed Band function (dashed line). The spectral
parameters and fit characteristics for each of these fits are shown
in Table 7. We have not corrected for the attenuation offlux above
10 GeV due to photon-photon interactions with the infrared back-
ground (de Jager & Stecker 2002; Kneiske et al. 2004; Primack
et al. 2005); however, our spectral-fit results will remain valid
independent of this effect due to the constraints placed by the
K-W limiting flux measurement from 20 keV to 14 MeV.

4. SUMMARY

GRB 050713A is one of the rare bursts observed simulta-
neously in soft X-rays (XRT), hard X-rays (BAT), and gamma
rays (K-W). The broad spectral coverage of these simultaneous
measurements has allowed us to fit the early prompt emission,
rapid decay, and several flares in the early emission with several
different spectral models. In general, we find a cutoff-power-law
model to be a good fit to segments with data extending into the
MeV range, and are thus able to constrain the high-energy com-
ponent of the model. For data segments with 0.3—150 keV cov-
erage (BAT and XRT data), we find that a simple absorbed power
law is often an adequate fit to the data, although an absorbed
power law plus blackbody or absorbed broken power law model
seems to sometimes be a marginally better fit during periods of
flaring activity.

The light-curve structure of GRB 050713A is quite typical of
many GRBs that have been observed by Swift. It has an early
section showing steep decay slopes of > 5 and bright flares ex-
tending until 7y + ~ 1 ks, followed by a break to a flatter section
with decay slope o ~ 1.0 lasting until 7y + ~ 25 ks, followed by
a break to a steeper slope of o = 1.45.

We have temporally separated the early, flaring portion of the
burst into 10 segments and attempted to fit each segment using
four different spectral models: (1) an absorbed power law, (2) an
absorbed cutoff or broken power law (cutoff for data extend-
ing beyond 150 keV, broken otherwise), (3) an absorbed Band
function, and (4) an absorbed blackbody plus power law. In all
segments where at least two instruments provide significant, si-
multaneous levels of emission, and hence the spectral data span
more than 2 decades in energy, we find that at least one of the
higher order spectral models is acceptable and, in several cases,
is a better fit to the data than a simple absorbed power law. This
suggests that the spectral shape of GRB flares, while consistent
with a simple absorbed power law when viewed through any par-
ticular narrow spectral window, is intrinsically fit in the broad-
band by a model with attenuated flux above (and possibly below)
some threshold energy.

It has long been known that GRB prompt emission is better fit
by spectral models with a high (and sometimes low) energy cut-
off than by a simple absorbed power law (Ryde 2005; Band et al.
1993), and thus the indication that GRB flares are fit by a similar
spectral model suggests that similar emission mechanisms may be
responsible for the production of flares and for the prompt emis-
sion itself, namely, internal shocks produced as a result of central-
engine activity. Since the discovery of X-ray flares in GRBs by
Swift, relatively few of the flares have been observed simultaneously
across a broad enough energy range to determine whether such higher
order models are necessary to fit their spectra, making the multi-
instrument observations of GRB 050713 A unique and valuable.

We have also examined the temporal properties of the flares
seen in GRB 050713A as early as 7y 4+ 80 s and as late as
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Ty + 10ks. In all cases we find the flares to have steep power-law
rise and decay slopes and 0.1 < 6¢/t < 1, which also suggests
internal rather than external shocks as the production mechanism
for the flares (Burrows et al. 2005b; Ioka et al. 2005). We have
noted that the presence of multiple flares and the failure of those
flares to fit the closure relations associated with the external shock
in a wind or constant-density ISM further argues in favor of the
internal-shock origin for the flares.

We have furthermore discussed the difficulty that Swift XRT
will face in detecting late-time flaring activity. We have noted that
the XRT will have difficulty resolving late, short-timescale flares
due to the low XRT count rates typically involved. Data from
higher throughput instruments such as XMM-Newton EPIC will
be important for constraining flares at these times. GRB 050713A
has simultaneous coverage at moderately late times with XMM-
Newton EPIC, but no conclusive evidence of flaring in the XMM-
Newton data has been found in this case.

Finally, we have created a broadband SED of the flaring re-
gion of GRB 050713 A from 0.002 keV to 500 GeV at times from
To + 20 to Tp + 300 s. We find that the SED is inconsistent with

a single absorbed power law or an absorbed Band function and is
best fit by an absorbed broken power law. This overall SED again
implies that GRB flares are best fit by a spectral model similar to
that of the prompt emission itself and thus suggests a common
mechanism for the emission from the prompt phase and from
flares.
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