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Abstract. We report HETE-2 WXM and FREGATE observations of two X-ray flashes (XRF),
XRF010213 and XRF020903. The signal is only seen in< 25 keV and< 10 keV for XRF010213
and XRF020903 respectively, and both events show the double-peak structure in the light curve.
The durations of the bursts are> 10 seconds, and this feature is similar to that of the "long" GRBs.

According to the time-averaged spectral analysis using both WXM and FREGATE data, the flu-
ence ratio of 2–30 keV to 30–400 keV energy band is 11.4 and 5.6for XRF010213 and XRF020903
respectively. TheEpeak energy in the Band function is< 10 keV. They are likely to belong to the
same class as the X-ray flash events detected with GINGA and BeppoSAX.

In this paper, we will present the detail study of the prompt emission of XRF010213 and
XRF020903, and compare with the characteristics of ordinary GRBs.

XRF010213

The bright X-ray Flash was detected on 13 February 2001 at 12:35:35 UTC [1]. Since
HETE was in the performance verification phase at that period, the localization was
performed by the ground analysis. The celestial coordinateof this source is (R.A., Dec.)
= (10h31m36s, 5Æ3003000) (J2000) with a 95% error radius of 300. This large uncertainty
is due to the unstable aspect of the spacecraft. No afterglowcandidate is found for
XRF010213.



TABLE 1. The spectral parameters of XRF010213 in the power-law, the power-law times exponential
cutoff, and the Band function.

Model parameters region 1 region 2 region 3 all

Power-law α �1.23+0:54
�0:51 �2:19+0:10

�0:10 �2.89 �2.47+0:08
�0:09

K15
� 5.65+2:99

�3:19�10�3 2.64+0:35
�0:34�10�2 1.85�10�2 1.75+0:23

�0:21�10�2

χ2
ν /DOF 0.964/19 1.293/41 2.363/36 1.561/45

Cutoff α �1.00 (fixed) �1.00 (fixed) �1.00 (fixed)
power-law Epeak [keV] 5.45+0:82

�0:69 2.57+0:22
�0:21 3.60+0:34

�0:31
K15 0.29+0:04

�0:04 1.26+0:18
�0:17 0.42+0:06

�0:05
χ2

ν /DOF 1.057/41 1.114/36 1.144/45

Band α �1.00 (fixed) �1.00 (fixed) �1.00 (fixed)
β �2.55+0:22

�0:60 < �3.61 �2.96+0:23
�0:53

Epeak [keV] 4.81+1:06
�0:78 2.56+0:22

�0:23 3.41+0:35
�0:40

K15 0.32+0:06
�0:06 1.26+0:21

�0:15 0.45+0:07
�0:06

χ2
ν /DOF 0.949/40 1.120/35 0.940/44

� normalization at 15 keV

Light curve and spectrum of XRF010213

As we can see in figure 1 (left), two peaks are see in the WXM energy range. The
first peak is visible for all four WXM energy bands. On the other hand, the second peak
is only seen in below 10 keV. The double peak structure is alsoseen in the FREGATE
6–40 keV light curve. There is no significant emission in the FREGATE 32–400 keV
band. The duration in the X-ray range is� 40 seconds.

The spectral analysis is performed in the four time intervals including the whole burst
region. The results of the spectral fitting in three spectralmodels (the power-law model,
the cutoff power-law model, and the Band function) are summarized in table 1. The
energy fluence ratio of 2–30 keV and 30–400 keV is 11.4. Since our definition of XRF
is S2�30 / S30�400> 1, where S2�30 and S30�400 are the energy fluence in 2–30 keV and
30–400 keV respectively, this event is classified as XRF. Thespectrum at the second, the
third, and the whole time regions apparently requires the break in the observed energy
range. TheEpeak energy is a few keV and its softening is seen from the second tothe
third time interval.

XRF020903

This event was detected by WXM and SXC at 10:05:37.96 UT on 2002 September 3 [2].
The WXM location can be express as a 90% confidence circle thatis 16.60 in radius and
is centered at (R.A., Dec.) = (22h49m25s

;�20Æ5305900) (J2000). The one-dimensional
localization was possible using the SXC data. The combined the SXC and the WXM
localization can be described as a 90% confidence quadrilateral (see figure 2 left).

Soderberg et al. [3] discovered an optical transient withinthe HETE-2 SXC + WXM
localization region at R.A. = 22h48m42:34s, Dec =�20Æ46009:300, using the Palomar
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FIGURE 1. Left: The energy resolved light curves of XRF010213. The dashed lines represent the time
intervals used in time-resolved spectral analysis. Right:The WXM+FREGATE joint fit spectrum of whole
burst region. The spectral model is the Band function.

200-inch telescope. Spectroscopic observations of the optical transient, using the Magel-
lan 6.5m Baade and Clay telescopes, detected narrow emission lines from an underlying
galaxy at the redshiftz= 0:25�0:01, suggesting that the host galaxy of the optical tran-
sient is a star-forming galaxy. A fading bright radio sourceat the position of the optical
transient was detected using the Very Large Array. Hubble Space telescope observations
of the XRF 020903 field reveal the optical transient and show that its host galaxy is an
irregular galaxy, possibly with four interacting components. These detections likely rep-
resent the first discoveries of the optical and radio afterglows of an XRF, together with
its host galaxy.

Light curve and spectrum of XRF020903

The energy resolved light curves are shown in figure 2. There is no significant emis-
sion above 10 keV. The double peak structure is seen in the light curve.

The X-ray to theγ-ray fluence ratio is 5.6, therefore this burst is classified as an X-ray
flash. Although the power-law model is acceptable for the prompt emission, the photon
index larger than�2 is rejected with a high significance. If we assume that this XRF
has the same spectral shape as ordinary GRBs, WXM and FREGATEobserved the high
energy portion of the Band function (photon indexβ ). We applied theconstrained Band



FIGURE 2. Left: The HETE-2 WXM/SXC localization for XRF020903. The point labeled “OT” is the
location of the candidate optical and radio afterglow [3]. Right: The energy resolved WXM light curves
of XRF020903.

function [2] to calculate the upper limit of theEpeak energy. The posterior probability
density distribution is shown in the figure 3. We find a best-fitvalueEpeak= 2.7 keV,
that 1.1 keV< Epeak< 3.6 keV with 68% confidence limit, and thatEpeak< 4.1 and 5.0
keV with 95% and 99.7% confidence limit.

DISCUSSION AND SUMMARY

The figure 4 (left) shows the comparison of these two XRFs, XRF010213 and
XRF020903, with ordinary GRBs in the (S30�400;S7�30)-plane, whereS30�400 and
S7�30 are the energy fluence in the 30–400 and 7–30 keV bands. In figure 4 (right), the
2–400 keV energy fluxes andEpeakof two XRFs and GRBs are shown. XRF010213 and
XRF020903 follow the same correlation with the GRBs.

XRF010213 and XRF020903 show similar characteristics withlong GRBs. The
HETE XRFs confirmed the spectral characteristics suggestedby [5] that XRF has a
lowerEpeakenergy. We also found the XRFs and GRBs follow the same correlation (fig-
ure 4). These observational properties may suggest that XRFs, X-ray-rich GRBs, and
GRBs form a continuum and are a single phenomenon.



FIGURE 3. The posterior probability density distribution as a function of Epeak. The solid lines define
the 68% probability interval forEpeak, while the dashed and dotted lines show the 95% and 99.7%
probability upper limits onEpeak.

FIGURE 4. Left: The scatter plot of 30–400 keV (S30�400) and 7–30 keV (S7�30) fluence. The triangles
are the 35 HETE/FREGATE GRBs studied by [4]. The solid line isthe relation,S7�30= 3�10�3S0:643

30�400,
found by [4]. Right: The 2-400 keV total energy flux vs.Epeak. The triangles are the HETE GRBs.
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