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Abstract. We present the in-flight calibration results of the detectorresponse matrices of the X-
ray instrument, Wide-field X-ray Monitor (WXM), on board theHETE-2 satellite. WXM consists
of four one-dimensional position-sensitive proportionalcounters and two sets of one-dimensional
coded aperture. Its energy range is 2–25 keV.

The detector response matrix (DRM) of WXM is calculated numerically using the ground
measurements for each anode wire. It is then calibrated withthe observation of the Crab nebula
in December 2001 and January 2002. The spectral parameters and the normalization of the spectra
are investigated at various incident angles, and compared with the known values in literature. With
the current DRM, the derived spectral parameters are mostlyconsistent with the values in literature,
expect for 10–20% uncertainty in normalization for individual anode wires, and at large incidence
angles.

WIDE-FIELD X-RAY MONITOR (WXM)

The Wide-field X-ray Monitor (WXM) is located in the center ofthe spacecraft and
the key instrument for localizing GRBs. WXM consists of one-dimensional position
sensitive proportional counters (PSPC) and coded mask apertures. There are two sets of
counters called X-camera and Y-camera. And each camera has two PSPCs. The PSPC
has three anode wires which are made by a carbon fiber of 10µm in diameter. The
counters are filled with xenon (97%) and carbon dioxide (3%) at 1.4 atm pressure at
room temperature. The beryllium windows of 100µm thickness is placed at the front of
the detector. Details about WXM are described in the literature [1].



FIGURE 1. Modeling two major characteristics of the WXM detector. Thepulse height as a function
of the depth from the counter window (left) and the pulse height as a function of the position along the
anode wire (right) for 8.0 keV monochromatic X-rays.

CALCULATION METHOD

The approach for calculating energy response function is analytical method using the
experimental equation based on the calibration data taken before launch. The difference
of the gas gain at each position inside the detector is calculated as a function of the
strength of the electric field which is based on the Garfield simulation (figure 1).

Since the WXM counters are operating at the limited proportionality region to achieve
the good position resolution, two major characteristics have to be taken into account for
the DRM calculation. First, there is the highest gain region� 3 mm away from the anode
wire (figure 1 left). Although the physical reason for this phenomenon is still unclear,
we know from the experiments that the extra gas gain (anomalous gain) is the source of
this effect and this gain traces the strength of the electrical field [2]. The second effect
is the gain variation at the both sides of the detector (figure1 right). This is due to the
distortion of the electric field. Our DRM is modeling these detector characteristics and
can successfully reproduce these phenomena.

THE WXM DETECTOR RESPONSE MATRIX

The input energy is calculated from 1.5 to 30.0 keV in 0.1 keV step. Since the photo-
electric absorption is the dominant physical process in theWXM energy range, our
analytical DRM calculation only takes into account this process. The DRMs are created
in the Flexible Image Transport System (FITS) format to makeit easy to handle in the
standard softwares widely used in the high-energy astrophysical field (e.g. XSPEC). The
each wire has its individual DRM.
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FIGURE 2. The WXM DRM of XA0 wire. The horizontal axis is the input energy and the vertical axis
is the output ADC channels.

FIGURE 3. The spectra of the Crab nebula at the angle of 1.6 (left) and 15.5 (right) degrees. The
spectral parameters of the Crab nebula in the literature arephoton index of 2.1 and NH = 3.0�1021 cm�2.

CRAB CALIBRATION

The RAW data (the finest pulse height data) were collected forthe Crab observation
from December 2001 to January 2002. Since we need to check theDRMs with various
incident angles, the Crab data with the different incident angles were recorded. The
WXM Crab spectra at incident angle of 1.6 and 15.5 degrees areshown in figure 3. The
overall spectral parameters of the Crab are mostly consistent with the known values.
However, there are several problems. The NH values show relatively small value. The
variation of the normalization among the wires are seen. There is 10–20% uncertainty
in the normalization for individual anode wires in the current DRM.



FIGURE 4. The joint WXM and FREGATE Crab spectrum at the boresight.

CROSS CALIBRATION BETWEEN WXM AND FREGATE

The joint WXM and FREGATE Crab spectrum at the boresight angle is shown in figure
4. The spectrum successfully represents the Crab spectral parameters.

SUMMARY

The WXM DRMs are well calibrated using the Crab nebula. Although the further
investigations for NH and the normalization among wires are needed, The WXM DRMs
can represent the Crab spectral parameters in a good precision. The cross calibration of
WXM and FREGATE Crab data shows a good agreement including the normalization
between two instruments.
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