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Outline
• The Swift mission

• Introduction/Instruments
• Science highlights

• The Swift Bust Alert Telescope
(BAT) and Coded mask imaging
• Swift BAT Analysis techniques

• GRBs and event analysis
• Survey data analysis
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GSFC

The Swift Mission
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• Burst Alert Telescope (BAT)
– Wide field monitor -- sees 1/6 of the sky
– GRB trigger for Swift

• X-Ray Telescope (XRT)
– Very precise GRB positions
– Much more sensitive than the BAT

• UV/Optical Telescope
(UVOT)

– Very precise positions
– Shows optical light from bursts

•   Spacecraft: 
-  Rapidly re-pointing 
 (~ 1 minute response)

Swift Instruments
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BAT Detector Array

Coded Aperture Mask

GSFC

Burst Alert Telescope (BAT)

BAT background:   12 Kcnts/s measured,  
17 Kcnts/s predicted

50,000 Pb tiles

32,768 CZT dets

BAT Characteristics
• E Range:     15-350 keV
• E Resolution:     5 kev
• Location Resolution: 1-4 arcmin
• PSF:             21.8 arcmin
• 2 steradian field of view
• 32K CZT dets, 5200 cm2

• Autonomous operations
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XRT Mirror Module

3.5 m focal length

• Imaging mode: accurate centroids up to 26X Crab flux

• Photon counting mode for spectroscopy and
time structure of afterglows.
• 15 arc-second half energy width

–sharp core yields  2.5 arcsec locations
• CCD array covers 0.2-10 keV band
• 24 x 24  arcmin field of view
• Cooled to -100 degrees C

XRT Instrument

Flight spare JET-X module
Grazing incidence optics
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• Based on XMM OM design
– Covers 170 nm to 650 nm
– 30 cm Ritchey-Chrétien telescope
– 21 mag in 1000 s with 17' x 17' FOV
– Image intensified CCD array
– Positions to 0.3 arc seconds

Filter WheelXMM OM

UVOT Instrument
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Swift
Science

Highlights
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Neutron Star MergerCollapsar - Massive Star Explosion

Theories of  Gamma-Ray Bursts

Meszaros & Rees '97

1/1000
supernovae
M > ~40 M

Long bursts
(T > 2 sec)

Short bursts
(T < 2 sec)
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Swift average (22 bursts):   2.76
[Now have redshifts for 115 bursts]
Pre-Swift average:        1.37

Figure from P. Jakobsson et al,

A&A 447, 897–903 (2006)

Star formation
rate

metallicity

Swift is detecting GRBs at higher z than
previous missions

GRB 060116 may
be as far as z=6.6
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Canonical 
Lightcurve

Shape

GRB 051001  -  XRT

Afterglow
Flare

GRB 050502B  -  XRT

GRB 050525A
UVOT

Curves &
Breaks

Afterglow discoveries
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Typical XRT afterglows

Steep decline common

Temporal
break around
500-1000 s

(Nousek et al., ApJ, 642:389, 2006)

X-rays flare
are common

Unified picture:  e.g.

Zhang et al, ApJ, 642:354–370, 2006;
O’Brien et al, ApJ, 647:1213–1237, 2006
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Two supernovae in one galaxy

A. Soderberg et al, Nature 453, 469-474 (2008)

Most supernovae are
detected many days after the
explosion -- this is a unique
opportunity to see the whole
supernova

SN 2008D

NGC 2770
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More Swift-observed supernovae

optical ultraviolet X=ray

NGC 3953  (15 Mpc away)

SN 2006bp

70 supernovae observed by Swift
Even “late” X-ray and UV measurements are important for
understanding how supernova ejecta interact with their environment
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More Swift supernovae

44 Mpc

32 Mpc30 Mpc

20 Mpc

21 Mpc

2005am

2005cs

2006X

2008aw

2008M
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Galactic Bulge

4  Energy
Bands:

15-25-50-
100-195

 keV

BAT All-Sky Survey

Galactic Center

•171
galactic
sources

•271
active
galactic
nuclei
(AGN)

Galactic Center

Transient
sources! C.Markwardt &

J. Tueller
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Exposure for All-Sky Survey

Galactic projection

Ecliptic plane

Ecliptic pole

Red: highest exposure
Blue: lowest exposure
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22 Month Survey Results

Some Results:
• First uniform, all sky flux-limited sample of AGN
• Detection of many “hidden” AGN without typical
optical characteristics
• BAT galaxies are much more likely to be
interacting and peculiar than non-BAT galaxiesFigure from Baumgartner et al.

Results from Tueller et al., ApJ,
681, 113-127 (2008)
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BAT and
Coded Mask

Imaging
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Shadow Imaging

Wayang
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Shadow Imaging

Image Courtesy of Taganrog (Russia) Local Government

A sundial
uses a
gnomon and
its shadow on
a patterned
plane to
determine the
elevation and
azimuth of
the sun.
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Swift/BAT uses a mask and detector array
to do coded mask imaging

Good compromise --
large field of view
with reasonable
angular resolution!

~50,000 1-mm
thick lead tiles
are opaque to X
rays

32,768
detectors
give
finely
pixellated
array
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Coded Mask Imaging -- History

Figure from Dicke, R. H., ApJ 153 (1968) -- First reference to the technique
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Coded Mask Imaging -- History

(Fenimore and Cannon) -- Ed Fenimore, coded mask
pioneer and Swift team member
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Coded Mask Telescopes in space
• Sounding rocket flight 1969 (A.P. Willmore et al)
• Balloon flight 1981 (D. Cardini et al)
• Satellite HXT on Tenma (Japan) 1983-84 
• More recently:

• SIGMA on Granat 1989-99
• WFC on BeppoSAX 1996-2002
• WXM on HETE-II 2000-05

• Currently:
• ASM on RXTE 
• IBIS, SPI, JEM-X on INTEGRAL
• BAT on Swift

Ref:  Jean in 't Zand,  http://astrophysics.gsfc.nasa.gov/cai/coded.html
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Basic image
processing

Detector plane
image must be
transformed to
sky image
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Coded Aperture Before and After

Raw Detector Rate Map
True spatial layout shown (ie the gaps)

Sky Image,  after FFT, Mask Convolution, InvFFT

3°

22’ FWHM  PSF
Centroided to 1-4’
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Different source locations
100% coded 60% coded

10% coded
All detector plane
images are “balanced” so
that background averages
to zero.
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Partially Coded Sky
100% coded (red)

50% coded (green-blue)

10% coded (blue-violet)

Earth limb can occult
part of the BAT FOV

~120°
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Image
“cleaning”

4U 1700-377 5.5

7.1

Sco X-1 in this field
of view -- cleaned
from the lower right
image

BAT point spread
function 17 arcmin --
can centroid to ~1
arcmin
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BAT Data
Analysis

I. How to get the data



July 29, 2008 Urbino 2008: High Energy Astrophysics Summer School

Mission
Operations Center

(MOC)

Payload

Spectrum Astro
Rapid Autonomous Slews

Science Center

GSFC

PSU

HEASARC
UK

 Italian
Archives

TDRSS

BAT
XRT

UVOT

Spacecraft

GCN  & Web

User
Community

GCN

User
Community

GSFC

Burst Alerts

Swift Mission Operations

swift.gsfc.nasa.gov

MalindiALL Swift data
is public --
nothing
proprietary;
available as soon
as it is
downlinked and
processed.
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BAT Data
BAT data is of two types:
• Event data (mostly just for GRBs and short outbursts)

• This is a data point (time, energy, detector) for
each photon -- 100 µsec time resolution
• Usually 1000 seconds around the trigger and
during some spacecraft slews

• Survey data (for most other astrophysical sources) --
format is called Detector Plane Histogram (DPH) and
must be cleaned and transformed before use.

• This is an 80-channel spectrum for each
detector with typically 5-minute time resolution
• All times except during event data capture and
spacecraft slews
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Swift
Quicklook

Area
Data here for one
week before it
goes to the
HEASARC/ISAC
-- use for current
bursts and other
recent
observations (like
ToOs)
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Swift
Quicklook

Area

Target ID
is matched
to the
source

Observation ID
(000 for GRB
prompt
emission)

Avoid “TDRSS only”
for analysis
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HEASARC/
ISAC/UKDC

Permanent data
archive (Swift data
after 7 days)
-- Searchable
-- Use for older
bursts and other
astrophysics
targets

Check this out!

Very cool sites

Also download
Swift software
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Special
Swift Browse
interface (not
available at
the ASDC)
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For
searching

BAT field of
view

Click this button
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Results of BAT FOV search

Multiple targets on a day

Only a few are at the center of the BAT FOV

Search distance tells only part of the story.
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The
BAT

hard X-
ray

transient
monitor

Currently 541
sources listed
-- BAT
detects or has
detected
around 125 of
these

Results currently
available through
Swift web site --
will be placed in
the HEASARC
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BAT transient monitor page for Swift J1753.5-0127

Individual pointings (snapshots) for the
last 20 days

Daily averages for the last year Daily averages for the mission

Links to the light curves

Discovery (before the
monitor) Atel #546

Recent enhanced
activity Atel #1599

Black hole candidate 
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Text light curve for Swift J1753
Time in Swift MET
(use Xtime to convert)

Rate and errors in
15-50 keV band

Partial coding
fraction

Pointing duration Dither flag

All rates are corrected to what they
would be if the source were on-axis
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Matching up observations

Fully coded -- on axis Half-coded 90% coded

11% coded

Can be > 100% 
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Can also use “As-Flown Science Timeline”
(AFST) to match up observations
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How to choose observations to process

• Use only on-axis for joint BAT/XRT/UVOT (fully
coded is not necessarily on-axis!).
• Fine to use < 100% coded BAT data -- just lose
statistics off-axis, but data is otherwise corrected.
• We recommend not using < 10% coded data unless
really necessary.

• How many BAT observations you use depends on
how finely you want to sample.
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BAT Data
Analysis

II. How to process
the data
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BAT Burst analysis
• Download data from archive using special GRB interface
• BAT burst processing is based on event data
• Initial processing using tool “batgrbproduct”

Runs a suite of standard Swift-BAT FTools
Usage:  batgrbproduct input_directory output_directory
Output:
• Standard light curves
• Good-time intervals (total, T90, slew, etc.)
• Standard spectral files
• Log file listing ALL of the individual commands run --
easy to use as a template for customized analysis
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Advantages of mask-weighting
Raw lightcurves
(multiple energy bands)

Masked-weighted light curves

Mask weighting scales each
photon by a its “view” to
the source -- light curve is
tailor-made to the source

Spacecraft slew 
Large noise (4% coded)

Small noise (100%
coded)

Low energy “hump”
disappears

GRB 080721
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BAT Spectra

• Recommend fit only 15-150 keV
• Use systematic error vector (batphasyserr)
• Very little absorption above 15 keV --
usually fit to power law, cutoff power law
(cutoffpl) or Band (grbm)

No background spectral
file needed -- mask
weighting removes the
background.

For bursts -- can use data
during the slew -- but you
must be careful since
response is a strong function
of angular position.  Best to
derive response for short
time intervals and average.
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Survey Analysis
• Download data using special Swift interface (as discussed
earlier)
• Main tool is “batsurvey” ← Brand new tool  in HEASOFT 6.5

• Runs a suite of standard Swift/BAT Ftools
• Use an input catalog file (can download from transient
monitor page or create your own)
• Does all of the data screening used in the BAT survey and
monitor
• Produces a separate set of results for each pointing
• Main output is a catalog with multi-channel rates for each
source in the input catalog
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Turning Catalogs into Spectra
One more step is necessary before one can fit BAT survey spectra--

Run a script to pull out the multi-channel data from the output
catalog and format it for input to xspec.  Also derive a response
matrix using batdrmgen.

Script is not public, but available for download from
http://swift.gsfc.nasa.gov/docs/swift/results/transients/make_survey_pha
A similar tool will be released as part of the next software release.
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A few cautions
• Help file for batsurvey recommends against using the
results for off-axis sources -- however, if you use
batdrmgen to make a response file for a specific source, off-
axis effects are accounted for properly

• Make sure to check the *_status.txt file for each pointing
to make sure the data was processed properly.

• The batsurvey tool takes a long time to run (~1 hour) if
there are multiple pointings in an observation.
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Conclusions
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Conclusions
• Swift continues to operate well -- ~3.5 year
data archive and promise for > 4 more years!
• All data is public, archived and ready for your
analysis
• Excellent Swift-only archive interfaces allow
ease of retrieving data
• BAT survey data is very rich and largely
unmined
• New tools allow for much easier processing of
survey data


