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Abstract:

The Swift Gamma-Ray Burst Explorer will make prompt
multiwavelength observations of Gamma-Ray Bursts and
afterglows. The X-ray Telescope (XRT) provides key
capabilities that permit Swift to determine GRB positions
with several arcsecond accuracy within 100 seconds of
burst onset. The XRT is designed to observe GRB
afterglows covering over seven orders of magnitude in flux
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Telescope
Telescope PSF
Position Accuracy
Detector

Detector Format
Energy Resolution
Timing Resolution
Field of View
Pixel Scale
Energy Range
Effective Area

3.5 m Wolter I, 12 shells
15 arcsec HPD @ 1.5 keV
2.5 arcseconds (2 sigma)
E2V CCD-22

600 x 600 pixels

140 eV @ 5.9 keV

0.14 / 1.8 milliseconds
23.6 x 23.6 arcminutes
2.36 arcsec / pixel

0.2 - 10 keV

110 cm*@ 1.5 keV

: . Sensitivity 2x10" erg cm?s™ in 2x10* s

in the 0.2-10 keV band, with completely autonomous Max Flux > 45 Crabs (45,000 cps)

operation. GRB positions are determined within seconds of Operation Autonomous

target acquisition, and accurate positions are sent to the

ground for distribution over the GCN. The XRT can also

measure redshifts of GRBs for bursts with iron line

'em1s51on or other spectral features. Swift will be launched XRT mirror module design (top); XRT mirror (bottom); Measured PSF (right)

in November 2004.
The table to the upper right summarizes the science
performance of the XRT. The Swift XRT uses a 12 shell
Wolter Type I grazing incidence mirror (shown above) T L L
developed for the JET-X telescope and an open electrode 100 R / — —
CCD detector (shown at left) developed for XMM-Newton. . - i \ 3
The mirror has been calibrated at the Panter facility in Munich " . ra b/ \ ]
(surface plot above shows PSF at 1.5 keV)) and the flight < k/ \\ |
detector has been calibrated at the University of Leicester. 5 10 ¢ E
End-to-end calibration was performed in September 2002 at o 3
the Panter facility, and measured the PSF as a function of off- » 1
axis angle and energy, timing characteristics, energy 2 5
resolution, effective area (see figure to the right for & Lp E
preliminary effective area curve), and dynamic range. We = ]
also tested the autonomous mode-switching software using a ]

Above: Focal Plane Camera mounted on telescope tube. simulated GRB afterglow. o noN 01 L L L w‘

The in-flight performance of the instrument will be monitored 0.1 1 10

Below: flight CCD mounted in flight package.

continuously using Fe calibration sources illuminating the

I | .
corners of the CCD (see spectrum below). They will permit js
to measure resolution, gain, and charge transfer efﬁcie&y as'a

Energy (keV)

The Effective Area of the XRT telescope has
been measured at the Panter calibration facility

function of time during the mission. ] > )
as a function of off-axis angle and energy and
: oS : will be verified on orbit with dedicated
The Swift XRT has three key science goals: wh observations of well known X-ray sources.

1) Determine GRB position with 5 arcsecond accuracy and
transmit position to the ground within 100 s of

the burst. FWHM = 136 eV

@59keV

counts /' binsize

2) Measure the afterglow lightcurve
From on-board “Fe
calibration sources

3) Obtain X-ray spectroscopy of the afterglow
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Timeline of an XRT observauou vt an Automated Target (newly-discovered GRB). The new Snapshot beg.is when the observatory
begins to slew to the new target. A typical slew will take between 20 and 50 s; here we show a slew time of 43 s followed by a worst-case
settle time of 7 s. The XRT takes up to 5 s to determine the GRB centroid, and then begins the balance of an automated observation. As
the flux decays (top line), the XRT modes switch accordingly. The Snapshot ends when a constraint violation triggers another slew. XRT
mode and data products are shown in the center and bottom bars, respectively. TDRSS messages are shown in the bottom graphic. In this
case, the Centroid Position message is generated at about 55 s and the Spectrum message is generated at about 400s.




