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Homework	3	

•  The	names	of	space	missions	are	commonly	
italicized,	while	the	instrument	onboard	the	
spacecra;	is	in	regular	font		

				à	Swi$/BAT	
							in	LaTex:	{\it	Swi;}/BAT		

				(several	people	noIced	this,	very	good!)	



X-ray	Telescope	

Credit:	hXps://imagine.gsfc.nasa.gov/science/toolbox/xray_telescopes1.html	
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XMM-Newton	



Swi;	X-ray	Telescope	

Swi;	XRT	

Burrows	et	al.	(2015)	

	

The Swift X-ray Telescope 5

Figure 4. XRT installed in test cart before thermal vacuum tests in July 2002, with
star tracker simulators installed. The telescope door is at the left end. The silver
bands around the tube are aluminum tape over the operational and survival heaters.

3. SCIENCE REQUIREMENTS

There are three primary requirements that drive the design of the
XRT: rapid, accurate position determination; moderate resolution spec-
troscopy; and lightcurves with high timing resolution.

GRB Position Determination: The XRT is required to measure after-
glow positions with accuracy better than 5 arcseconds within 100 s of
a burst alert from the BAT instrument. The spacecraft will slew to the
BAT position in 20-75 s, depending on the position of the GRB on the
sky. Figure 5 shows a simulated XRT image of a GRB, made using ray-
tracing code developed for JET-X and BeppoSAX and incorporating
the measured PSF of the XRT mirrors. The mirror PSF has a 15
arcsecond Half-Power Diameter (HPD) at the best on-axis focus (at
1.5 keV). It is slightly defocused in the XRT in order to provide a more
uniform PSF over the entire field of view, and the instrument PSF is
18 arcseconds (HPD) on-axis at 1.5 keV (Moretti et al., 2004). The
centroid of a point source image can be determined to sub-arcsecond
accuracy in detector coordinates, given sufficient photons (Hill et al.,
2003). Based on BeppoSAX and RXTE observations of X-ray counter-
parts of GRBs, we expect that most GRBs observed by Swift will have
prompt X-ray fluxes of roughly 0.5–5 Crabs in the 0.2–10 keV band

xrt_ssr_revised.tex; 5/02/2008; 7:06; p.5

Swi;	XRT	

Burrows	et	al.	(2015)	

	

•  Energy	range:	0.3	–	10	keV	
•  Field	of	view:	23.6	x	23.6	arcmin	
•  Angular	resoluIon:	18	arcsec	



Gamma-ray	telescopes	

•  Gamma	ray	photons	are	extremely	energeIc	
– Penetrate/interact	with	almost	all	the	material	

– Hard	to	focus	
Fermi/GBM	



Imaging	in	gamma	rays	
Coded-mask	aperture	

Credit:	NASA's	Imagine	the	Universe	and	NASA/Swi;		

•  Energy	range:	15-350	keV	
•  PosiIon	accuracy:	�	3	arcmin	
					�depends	on	the	source	brightness)	
•  Field	of	View:	�	1.4	sr	
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Credit:	NASA's	Imagine	the	Universe	and	NASA/Swi;		



Imaging	in	gamma	rays	
Coded-mask	aperture	

4.3. CODED APERTURE ANALYSIS FOR X-RAY ASTRONOMERS 21

Figure 4.3: Side view of the BAT mechanical structures. Photons enter from the top and pass
downwards.

Figure 4.4: Comparison of BAT detector space (left) and sky space (right). A point source casts
the complicated shadow shown on the left. After reconstruction a sky image using bat↵timage, the
point source is revealed. This is a small subimage of the entire BAT sky image for this particular
observation.

4.3 Coded Aperture Analysis for X-ray Astronomers

For an observer with experience in X-ray astronomy, coded aperture analysis with BAT may appear
to be similar to their experiences, but they are not. This section gives a description of some of the
major di↵erences.

BAT has no focussing optics. This means that most of the familiar analysis operations of
X-ray and optical astronomy do not apply.

The BAT has two distinct spaces: detector space and sky space. The BAT software is
used to convert from detected counts to sky fluxes. Figure 4.4 compares the two kinds of images.
Another example, Figure 4.5 shows the mask modulation pattern of a bright source, Sco X-1, as
detected by BAT. Note however that for all but the brightest sources the mask modulation pattern
will not be visible to the naked eye.

Markwardt	et	al.	(2007)	
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Angular	resoluIon	comparison	

x	Ultraviolet (Swift/UVOT)

Source:	www.srl.caltech.edu	



Angular	resoluIon	comparison	

x	Ultraviolet (Swift/UVOT)

Source:	www.srl.caltech.edu	
Swi1	BAT	



Lab	5	
GRB	data	from	Swi$	BAT	and	XRT		


