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OverviewOverview

 BAT instrument overviewBAT instrument overview
 Coded Mask Aperture, Trigger, Performances, GRBCoded Mask Aperture, Trigger, Performances, GRB

LCsLCs

 BAT GRB dataBAT GRB data
 BAT softwareBAT software
 BAT GRB analysisBAT GRB analysis
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Burst Alert TelescopeBurst Alert Telescope

 32768 32768 CdZnTeCdZnTe
 [15-150 [15-150 keVkeV]]
 ~2 ~2 sr sr FOVFOV
 Detector area 5200 cmDetector area 5200 cm22

 Pos. Pos. accuraccur. ~1-4arcmin. ~1-4arcmin
 >10sigma and <45deg-> 0.5>10sigma and <45deg-> 0.5’’

 BKG rates < 17kctsBKG rates < 17kcts
 100 100 µµs Timing s Timing resres
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Coded Mask AperturesCoded Mask Apertures
 Until focussing X-ray optics (Until focussing X-ray optics (Simbol-XSimbol-X) are) are

available Coded Masks are the best way to detectavailable Coded Masks are the best way to detect
and image hard X-ray photonsand image hard X-ray photons

 They are They are ““indirect and inefficientindirect and inefficient””
 Advantages:Advantages:

 The only way to detect HX-ray !!The only way to detect HX-ray !!
 Large FOV -> good for monitoringLarge FOV -> good for monitoring
 Mask Weight. Tech provides automaticMask Weight. Tech provides automatic

bkg bkg subtractionsubtraction
 Disadvantage:Disadvantage:

 Sources are Sources are bkg bkg for each otherfor each other
 Insensitive to extended sourcesInsensitive to extended sources
 ~arcmin ~arcmin angular resolution (hole size)angular resolution (hole size)
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BAT TriggerBAT Trigger
 2 Trigger types: rate  & image (adapted from HETE-2)2 Trigger types: rate  & image (adapted from HETE-2)
 Rate:Rate:

 Short triggers (<64ms) : 4 energies (over 320 ms) (dominated by CRShort triggers (<64ms) : 4 energies (over 320 ms) (dominated by CR
showers)showers)

•• Find maxima on 4-64 ms timescaleFind maxima on 4-64 ms timescale
 Long triggers (>64ms) : 4 energiesLong triggers (>64ms) : 4 energies

•• One sided: One sided: bkg bkg before current timebefore current time
•• Double sided: Double sided: bkg bkg before and afterbefore and after
•• Three sidedThree sided

 Image (15-50keV):Image (15-50keV):
 64 s image : Anything new is called a GRB64 s image : Anything new is called a GRB
 320s image (full 320s image (full obsobs): Anything new is called a transient (not slewing)): Anything new is called a transient (not slewing)
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BAT TriggerBAT Trigger

Courtesy D.
Palmer
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What happens then ?What happens then ?
 GRB data are sent (realGRB data are sent (real

time) to the ground viatime) to the ground via
TDRSS and GCN toTDRSS and GCN to
communitycommunity
 Position, slew decision,Position, slew decision,

FOM, XRT position (50%),FOM, XRT position (50%),
UVOT source list /image,UVOT source list /image,
BAT LCBAT LC
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BAT performancesBAT performances
Courtesy S. Barthelmy
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BAT LC ZOOBAT LC ZOO

Courtesy Neil Gehrels
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BAT GRB DATA (where are they?)BAT GRB DATA (where are they?)

 GRB of the day:GRB of the day:
 http://swift.gsfc.nasa.gov/docs/swift/swiftsc.htmlhttp://swift.gsfc.nasa.gov/docs/swift/swiftsc.html and then go and then go

to  to  ““QUICKLOOKQUICKLOOK”” area area
 Select your GRBSelect your GRB
 Download :Download :

•• AUXIL, BAT directories(+ XRT & UVOT)AUXIL, BAT directories(+ XRT & UVOT)

 Old GRB ? Use HEASARC:Old GRB ? Use HEASARC:
 http://heasarc.nasa.gov/db-http://heasarc.nasa.gov/db-

perl/W3Browse/w3table.pl?tablehead=name%3Dswiftmastr&Actperl/W3Browse/w3table.pl?tablehead=name%3Dswiftmastr&Act
ion=More+Optionsion=More+Options
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BAT GRB DATA (where are they?)BAT GRB DATA (where are they?)
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BAT GRB DATA (where are they?)BAT GRB DATA (where are they?)
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DATA structureDATA structure

BATBAT LOGLOG

HKHK EVENTEVENT SURVEYSURVEY

OBSID=00202035000

XRTXRT UVOTUVOT AUXILAUXIL TDRSSTDRSS
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BAT units definitionBAT units definition

 BAT mask-weighted counts (in LC, PHA,BAT mask-weighted counts (in LC, PHA,
Images):Images):
 Bkg-subtracted Bkg-subtracted counts per fully illuminated detectorcounts per fully illuminated detector

for an equivalent source on-axisfor an equivalent source on-axis
•• -> mask wt produces automatic -> mask wt produces automatic bkg bkg subtractionsubtraction
•• -> normalized by # of enabled -> normalized by # of enabled dets dets (..detector..)(..detector..)
•• ->  partial coding correction->  partial coding correction
•• -> -> flatfielding flatfielding correctioncorrection
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BAT SoftwareBAT Software
 batbinevt batbinevt (for LC, DPI, DPH, PHA)(for LC, DPI, DPH, PHA)
 bathotpixbathotpix
 batmaskwtevtbatmaskwtevt
 battblocksbattblocks
 batfftimagebatfftimage
 batcelldetectbatcelldetect
 batdrmgenbatdrmgen
 maketime maketime (not BAT soft, but very important)(not BAT soft, but very important)
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Why do you want to processWhy do you want to process
BAT GRB data ?BAT GRB data ?

 BAT-team does already everything !BAT-team does already everything !
 Burst Advocates have a script whichBurst Advocates have a script which

performs the complete analysisperforms the complete analysis
 It is being discussed if it will be included in futureIt is being discussed if it will be included in future

software release (keep monitoring)software release (keep monitoring)

Last chance to say that you donLast chance to say that you don’’t want to learn howt want to learn how
to process  BAT datato process  BAT data…………..
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Analysis Example: GRB050319Analysis Example: GRB050319
 Imagine you downloaded the data:Imagine you downloaded the data:

 Access info (trigger time, GRB pos from Access info (trigger time, GRB pos from fswfsw))
 Get/Create quality mapGet/Create quality map
 Define time intervals (tricky !)Define time intervals (tricky !)
 Extract eventsExtract events
 Determine duration timesDetermine duration times
 Refine GRB position (maybe skipped)Refine GRB position (maybe skipped)
 Make Make PHAs PHAs and and LCs LCs (as many as you want)(as many as you want)
 Make response matricesMake response matrices
 Use your intelligence to understand if results areUse your intelligence to understand if results are

correct !!correct !!
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The files youThe files you’’ll needll need

 Event :Event :
 bat/event/sw00111622000bevsh<type>bat/event/sw00111622000bevsh<type>_uf_uf..evtevt

 AuxiliarAuxiliar::
 bat/event/sw00111622000bevtr.fitsbat/event/sw00111622000bevtr.fits

 Attitude:Attitude:
 auxil/sw00111622000sat.fitsauxil/sw00111622000sat.fits
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Weighting your EventsWeighting your Events

 This step is generally already done, but ifThis step is generally already done, but if
you need or you have refined your GRByou need or you have refined your GRB
position and you need to re-generate yourposition and you need to re-generate your
weights:weights:
 %> %> batmaskwtevt grbbatmaskwtevt grb..evt detmask=qmapevt detmask=qmap.fits.fits

ra=raGRB dec=decGRB ra=raGRB dec=decGRB attitude=sat.attitude=sat.attatt
auxfile=satauxfile=sat.aux.aux
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GRB infoGRB info

 They are in the header of the EVENT file orThey are in the header of the EVENT file or
in the TDRSS LCin the TDRSS LC
 Evt Evt file name is : sw00111622000bevsh<type>file name is : sw00111622000bevsh<type>_uf_uf..evtevt

•• Type can be:Type can be:
 sp = slew pointingsp = slew pointing
 sl  sl  = slew= slew
 po po = pointing= pointing
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Quality mapQuality map

 WhatWhat’’s that? A map where:s that? A map where:
 Good pixel are flagged with 0, bad with 1Good pixel are flagged with 0, bad with 1

 How to create it:How to create it:
 %> %> batbinevt grbbatbinevt grb..evt grbevt grb.dpi  DPI 0 uniform 15-350.dpi  DPI 0 uniform 15-350

outunits=counts outunits=counts weighted=NOweighted=NO
 %> %> bathotpix grbbathotpix grb.dpi .dpi qmapqmap.fits.fits
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Quality mapQuality map
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Define GTI (why tricky ?)Define GTI (why tricky ?)
 Define pre, in, post slew time interval:Define pre, in, post slew time interval:

 %>%>maketime maketime sat.sat.att tenarminatt tenarmin..gti expr=gti expr=““FLAGS==b1xxxxxxxFLAGS==b1xxxxxxx””
compact=no compact=no prefr=0prefr=0.5 .5 postfr=0postfr=0.5.5

 %> %> maketime maketime sat.sat.att att slew.slew.gti expr=gti expr=““FLAGS==b00xxxxxxFLAGS==b00xxxxxx
prefr=0.5 prefr=0.5 postfr=0postfr=0.5.5

 %>%>ftcopy tenarcminftcopy tenarcmin..gtigti[STDGTI][START<[STDGTI][START<trigT trigT and STOP>and STOP>trigTtrigT]]
preslewpreslew..gti  gti  + opt+ opt

 %>%> ftcopy tenarcmin ftcopy tenarcmin..gtigti[STDGTI][START<[STDGTI][START<trigT trigT ] ] postslewpostslew..gti gti ++
optopt
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Define GTI (why tricky ?)Define GTI (why tricky ?)
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Extract events (easy)Extract events (easy)

 Pre-slew events:Pre-slew events:
 %>extractor %>extractor grbgrb..evt preslewevt preslew..evt preslewevt preslew..gti gti +opts+opts

 In-slew events:In-slew events:
 %>extractor%>extractor grb grb..evt inslewevt inslew..evt evt slew.slew.gti gti +opts+opts

 Post-slew events:Post-slew events:
 %>extractor%>extractor grb grb..evt postslewevt postslew..evt postslewevt postslew..gtigti

+opts+opts
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GRB durationsGRB durations

 Use Use battblocks battblocks for: T90, T50, for: T90, T50, TpeakTpeak, TOT, TOT
 ScargleScargle, J. D. 1998, "Studies in Astronomical Time Series, J. D. 1998, "Studies in Astronomical Time Series

Analysis. V. Bayesian Blocks, Analysis. V. Bayesian Blocks, AstrophysAstrophys. J., 504, 405. J., 504, 405

 Make LC from Make LC from EVTsEVTs::
 %> %> batbinevt grbbatbinevt grb..evt tmpevt tmp..lc lc LC 0.04 uniformLC 0.04 uniform

15-350 weighted=YES15-350 weighted=YES
 %> %> battblocks tmpbattblocks tmp..lc lc bb.bb.gti durfile=durgti durfile=dur..gtigti

bkgsub=YES countscol=RATEbkgsub=YES countscol=RATE

 Duration intervals are also in TDRSSDuration intervals are also in TDRSS

Binning plays a role
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GRB durationsGRB durations
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Detect and Refine GRB positionDetect and Refine GRB position

 Make sky image from pre-slew data:Make sky image from pre-slew data:
 %> %> batbinevt preslewbatbinevt preslew..evt preslewevt preslew.dpi DPI 0 uniform 15-.dpi DPI 0 uniform 15-

350 weighted=NO 350 weighted=NO gti=gtiTOT detmask=qmapgti=gtiTOT detmask=qmap.fits.fits
 %> %> batfftimage preslewbatfftimage preslew.dpi .dpi preslewpreslew..img img attitude=sat.attitude=sat.attatt

 Detect the GRB:Detect the GRB:
 %> %> batcelldetect preslewbatcelldetect preslew..img soureimg soure.cat.cat

incatalog=Xrayincatalog=Xray.cat.cat
 GRB GRB fsw coordsfsw coords: 154.2017, 43.54632: 154.2017, 43.54632
 GRB refined:       154.1966, 43.5675GRB refined:       154.1966, 43.5675
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Make Light curvesMake Light curves

 On all timescales  weighted/un-weightedOn all timescales  weighted/un-weighted
 %> %> batbinevt grbbatbinevt grb..evt evt 1chan_1s.1chan_1s.lc lc LC 1 uniform 15-LC 1 uniform 15-

350 350 detmask=qmapdetmask=qmap.fits .fits gti=none gti=none weighted=YESweighted=YES
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Make Spectra (almost at the end)Make Spectra (almost at the end)

 T90, T50, Peak, TotalT90, T50, Peak, Total
 %> %> batbinevt grbbatbinevt grb..evt evt total.total.pha pha PHA 0 uniform CALDBPHA 0 uniform CALDB

detmask=qmapdetmask=qmap.fits.fits

 Change position keywords:Change position keywords:
 %>  %>  batupdatephakw batupdatephakw total.total.pha auxfilepha auxfile

 Apply systematic errors:Apply systematic errors:
 %> %> batphasyserr batphasyserr total.total.pha pha CALDBCALDB

 Generate response:Generate response:
 %> %> batdrmgen batdrmgen total.total.pha pha total.total.rsp rsp NONENONE
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Make Spectra (almost at the end)Make Spectra (almost at the end)
Ph=2.075+/- 0.12
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FluenceFluence

 Peak Peak fluencefluence::
 %> %> batbinevt grbbatbinevt grb..evt peakfluevt peakflu..pha pha PHA 0 uniformPHA 0 uniform

15-25,25-50,50-100,100-35 15-25,25-50,50-100,100-35 outunits=countsoutunits=counts
gtifile=durgtifile=dur..gtigti[GTI_PEAK][GTI_PEAK]

 Total Total fluencefluence::
 %> %> batbinevt grbbatbinevt grb..evt totalfluevt totalflu..pha pha PHA 0 uniformPHA 0 uniform

15-25,25-50,50-100,100-3515-25,25-50,50-100,100-35 outunits=counts outunits=counts
gtifile=durgtifile=dur..gtigti[GTI_TOT][GTI_TOT]



April 3, 06April 3, 06 Marco AjelloMarco Ajello 3333

Pages to monitorPages to monitor

 http://swift.gsfc.nasa.gov/docs/swift/analysis/http://swift.gsfc.nasa.gov/docs/swift/analysis/
 BAT userBAT user’’s guide, bug status, BAT digest, BAT analysiss guide, bug status, BAT digest, BAT analysis

threadthread

 Quick tutorial on how to analyze BAT GRB dataQuick tutorial on how to analyze BAT GRB data
(not completely correct):(not completely correct):
 http://www.swift.ac.http://www.swift.ac.uk/BATuk/BAT..shtmlshtml
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RemindersReminders

 Pay attention to GTI selections: slew/no-Pay attention to GTI selections: slew/no-
slewslew

 Try several T-binning to assess durations:Try several T-binning to assess durations:
T90-T50T90-T50

 Monitor the HEADAS software release forMonitor the HEADAS software release for
the bat-burst-advocate scriptthe bat-burst-advocate script


