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Abstract. A long and extremely soft X-ray flash was detected and localized by the instruments 
aboard the HETE-2 at 00:03:30 UT on 2004 Sep. 16. This burst consists of two peaks separated by 
-^200 s, with durations of about 110 s and 60 s. We have analyzed the energy spectra of the 1st and 
2nd peaks observed with the Wide Field X-Ray Monitor (WXM) and the French Gamma Telescope 
(FREGATE). We discuss the origin of the 2nd peak in terms of flux variabilities and timescales. We 
find that it is most likely part of the prompt emission, and is explained by the long-acting engine 
model. 
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INTRODUCTION 

Swift has detected early X-ray afterglows with the XRT and bright X-ray flares 
100—1000 seconds after the prompt emission for many bursts. They have been ex
plained by the long-acting engine model [1]. In this paper, we report the detection and 
localization of XRF 040916 by the HETE-2 satellite and present the results of a detailed 
temporal and spectral analysis. Since this burst has two peaks within a total time interval 
of'-^350 s, we discuss the origin of the long timescale [2]. 

OBSERVATION 

XRF 040916 triggered the WXM on 2004 September 16, at 00:03:30 UT. This burst 
consists of two peaks lasting about 110s and 60 s separated by a time interval of '-̂ 200 
s. This position was reported in the GRB Coordinates Network (GCN) Position Notice 
[3]. The detection of the optical afterglow was first reported by [4], who found it at 
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FIGURE 1. (Left): Light curve of XRF 040916. The regions (a) and (b) are the foregrounds of the 1st 
^ obs 
' peak 
obs 

' peak' 
' obs 

and 2nd peak respectively. (Right) :Posterior probability density distribution for the entire burst of E f'^ 

using the constrained Band function. The vertical solid lines define the 68% probatility interval for E °^^ 

while the dashed and dotted lines show the 95% and 99.7% probability upper limits on E ° ^ . 

R.A. = 23''00'"55M3, Dec. = -5'*38'43".2 using SuprimeCam on the prime-focus of the 
Subaru 8.2m telescope. The afterglow was detected in the z', Ic, Re, V and 5-bands in 
this observation. Despite these observations, no redshift has been determined. 

Figure 1 (left) shows the light curve of XRF 040916 in five WXM energy bands (2—5, 
5-10, 10-17, 17-25, and 2-25 keV). There are two peaks in the WXM bands and no 
significant emission above 17 keV. 

For spectral analysis, this burst seems to be extremely soft, and ^fE°^^ is near the low-
energy threshold, the spectrum will appear to follow a power-law, even if it is actually 
a Band function. In such situation. We can constrain E°^^ using a constrained Band 
function [5]. Applying the constrained Band function model to this burst, we obtained 
a constrained E°^^. The result is shown in Figure 1 (right) as the posterior probability 

density distribution for E°^^. From these distributions, we find best-fit values <2.3, <3.0 
and <3.5 keV for 68%, 95% and 99.7%o probabilities respectively. We conclude that the 
spectrum of XRF 040916 is extremely soft compared to that of typical GRBs. 

Redshift Estimation 

This burst is extremely soft and this softness could be explained if XRF 040916 were 
a high-redshift GRB. To check this hypothesis, we first estimated the redshift from 
the Amati relation [6] using the 1st peak data. Assuming this relation, it is possible 
to estimate the redshift using only the flux and iipeak of a burst. We calculated E"'^^^ and 
iiiso from the spectral parameters of the 1st peak data assuming various redshifts. As 
shown in Figure 2, the lower the redshift is, the more consistent are the computed values 
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FIGURE 2. The (£'iso-£'pei) -plane for the 1 st peak. The bars are for XRF 040916 at various distances. 

The crosses are the Seppo5X^-GRBs and HETE-2 GRBs. The dashed line is the equation, -Epĝ j, = 

mSiJlO'''^ ergs)''-' keV given by [6]. 

with the Amati relation. This result is also consistent with the Subaru redshift constraint 
of z < 3, imposed by its detection of the optical afterglow in the 5-band [4]. 

We have also computed an upper limit to the pseudo-redshift (with the method de
scribed in [7]) using the WXM spectrum for the most intense 15 s long part of the 1st 
peak. To do this, we derived the upper limit to iipeak using the constrained Band model 
to fit the data. We find that iipeak < 6.2 keV with 90% confidence, leading to a pseudo-
redshift < 0.7, consistent with the preceding results. Thus we can reject a high redshift 
for this burst. 

Origin of the 2nd peak 

We can regard the 2nd peak as the rebrightning component. But its origin is not clear, 
and then the 2nd peak could be the following cadidates, (1) beginning of the afterglow 
(2) ambient density fluctuations of the X-ray afterglow, (3) patchy shell, (4) refreshed 
shock and (5) long-acting engine model. 

First, we consider the possibility of (1) the beginning of the afterglow. This spectral 
and temporal evolution of the afterglow is caused by fireball evolution which takes place 
in the interstellar medium [8]. In this cases, the decay time of a late X-ray burst (i.e. 
afterglow) is supposed to be proportional to r^t^^ [9]. If we set the zero time (to) of the 
emission episode for the 1 st peak, then the decay time of the 2nd peak is proportional 
to ;-i2.7±o.3 jjj 2—25 keV energy band. Then this result is inconsistent with the above 
afterglow model. 

For (2) the ambient density fluctuations of the X-ray afterglow model, this model 
explains afterglow variabilities by ambient density fluctuations caused by turbulence 
in the interstellar medium or variable winds from the progenitor star. If XRF 040916 

333 

Downloaded 10 Mar 2011 to 128.32.147.236. Redistribution subject to AIP license or copyright; see http://proceedings.aip.org/about/rights_permissions



was in the afterglow stage when the 2nd peak occurred, we can use a kinematical 
upper limit on the variability given by [10]. By the calculation using [10], we found 
that the observed variability exceeds the maximum allowed value, then ambient density 
fluctuations cannot explain the nature of the 2nd peak. 

For (3) the patchy shell model, the variability timescale At of the afterglow at time 
t must \)Q At > t [11]. The patchy shell model cannot make a bump with variability 
timescale At ^ 60 s, which is shorter than the observed timescale t ^310 5. Furthermore, 
the flux of the 2nd peak is as bright as that of the 1 st one. If this burst is explained by 
the patchy shell model, we must assume very large shell non-uniformity. Therefore we 
can marginally reject this model from the point of view of the variability timescale. 

For (4) the refreshed shock model, multiple shells are ejected at various velocities, 
and the variability occurs when the slow inner shell catches up with the fast outer shell 
a long time later, since the velocity of the outer shell decreases through the ambient 
medium [12]. This model can not explain the flux variability of the 2nd peak because 
refreshed shocks cannot produce changes of more than 1 order of magnitude [13]. 

For (5) the long-acting engine model, at the observed time t, the central engine is still 
active and emitting shells. This can explain variability timescales down to a millisecond 
and there is no restriction on the flux variability. The most likely explanation of the 2nd 
peak is therefore the long-acting engine model. Furthermore, we considered curvature 
effect [14]. This effect occurs when the observer receives the progressively delayed 
emission from higher latitudes. The formula Fv{t) =A[{t — to)/to]^^-^^^^ represents the 
curvature effect, where /3 is the X-ray photon index during the decay, to is the time zero 
point of the emission episode related to decay and ^ is a normalization parameter for 
the decay component. From fitting analysis, we found that the time zero point to = -34.8 
± 34.9 s meaning that to corresponded to the time zero point for the 2nd peak. This 
result implies that the zero time for the 1 st peak doesn't coincide with the 2nd peak one; 
then the central engine was reactivated. Only this model can explain both the variability 
timescale and the flux variability for the 2nd peak. This event is similar to the Swift 
bursts XRF 050406 and GRB 050502B which are explained by the long-acting engine 
model [1]. 
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