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Abstract

The Swift Burst Alert Telescop®AT) is a coded-aperture gamma-ray instrument with a lagtgeof view that
primarily operates in survey mode when it is not triggering on transient events. The survey data consist of 80-
channel detector plane histograms that accumulate photon counts over periods of at least 5 minutes. These
histograms are processed on the ground and are used to produce the survey data set between 14 and 195 keV.
Survey data comprise90% of all BAT data by volume and allow for the tracking of long-term light curves and
spectral properties of cataloged and uncataloged hard X-ray sources. Until now, the survey data set has not been
used to its full potential due to the complexity associated with its analysis and the lack of easily usable pipelines.
Here, we introduce thBatAnalysisPython package, a wrapper for HEASoftpy, which provides a modern, open-
source pipeline to process and analyze BAT survey &atif\nalysisallows members of the community to use
BAT survey data in more advanced analyses of astrophysical sources, including pulsars, pulsar wind nebula, active
galactic nuclei, and other knoywmnknown transient events that may be detected in the hard X-ray band. We
outline the steps taken by the Python code and exemplify its usefulness and accuracy by analyzing survey data of
the Crab Nebula, NGC 2992, and a previously uncataloged MAXI transienBatA@alysigpackage allows for

18 yr of BAT survey data to be used in a systematic way to study a large variety of astrophysical sources.

Uni ed Astronomy Thesaurus concepistronomy data analysid858; Astronomy data acquisitiof1860);
Open source softwal@866

1. Introduction The BAT survey data have been used to study X-ray sources

The Neil Gehrels Swift Observatof@ehrels et al2004) in high-latitude regions of the Galactic plaivarkwardt et al.

was launched on 2004 November 20, with the X-ray Telescopezooa' active galactic nuclfAGN; Tueller et al.200§, and

(XRT; Burrows et al2009, the Ultraviolet-Optical Telescope €veN place limits on transient phenom¢haha et al.2022).
(UVOT: Roming et al2009, and the Burst Alert Telescope Periodically, the catalog of available survey data has been
(BAT: éarthelmy ot aIIZOOE), on board. The Swift BAT was analyzed in a systematic fashion. These are the 22 month
ne tuned to detect and localize gamma-ray by@&®Bg and  (Tueller et al2010, 70 month(Baumgartner et al013, 105

has signicantly advanced our understanding of these transientnonth(Oh et al.201§, and 157 montifA. Lien et. al. 2023, in
events. The BAT uses the coded-mask technique to produc®reparatiopanalyses where mosaiced source light curves and
small localization region{ 3) and accurate background SPectra, in the energy range of-185keV, have been
estimations while maintaining a largeeld of view published on public websitésThe mosaic light curves and
( 60°x 120°). When a GRB is triggered on board by BAT, spectra from these analyses are typically binned into 1 month
the spacecraft autonomously slews such that the othetime bins, which limits their usefulness to the general
telescopes can observe the region of the sky to which theastrophysics community. While a method to analyze BAT
GRB was localized. Additionally, the associated BAT data aresurvey data had been made public through the HEASoft
downlinked to the ground. This data, known commonly as batsurvey pipeline script, the more advanced mosaicing
event data, are the highest quality data collected by BAT butanalysis, where the survey data stiene integrated, has not
are not able to be continuously downlinked. When GRBs arebeen released publicly due to the complexity associated with
not triggering BAT, the telescope operates in survey mode.this analysis method and the large computational resources that
This mode compresses the event data that have been collectdiive been needed in the past for producing mosaiced results.
over some perio¢typically 300 $ into histograms comprising ~ With the current co_mputatlonal power available on personal
80 energy channels for each detector element. These dat&omputers and the rise of Python packages, we have developed
known as detector plane histograf3Hs, are stored on @ Python package to facilitate the analyses of BAT survey data,
board and get sent to the ground on a regular basis. including producing mosaiced results. _

The BatAnalysispackage is open source and provides a
Original content from this work may be used under the terms PYthon interface to process and analyze BAT survey data. This
of the Creative Commons Attribution 4.0 licendeny further

distribution of this work must maintain attribution to the autand the title 8 httpy/ swift.gsfc.nasa.gdvesults bs22mon  http7/ swift.gsfc.nasa.gdv
of the work, journal citation and DOI. resultd bs70mon http// swift.gsfc.nasa.gdvesultg bs105monh
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software allows users to use survey data to analyze the long- 8. The spacecraft pointing does not change by more than
term evolution of known and recently discovered astrophysical 1’5 in pointing and 5in roll during each DPH interval.
sources and, where appropriate, place upper limits on these 9. The minimum DPH interval is 300 s.

sources. These analyses can be done on a number of different
time binnings, from the intrinsic 300 s time binning offered by
the DPHs to longer user-deed time binnings that are used to
produce mosaic light curves and spectra.

The structure of this paper is as follows. Sec#autlines the
general analyses of BAT survey data, including the mosaicing
process. SectioB discusses thBatAnalysidPython package and
how it can be used. Sectio# presents the results of our
BatAnalysiscode as compared to prior analyses and shows ne
analyses that are possible with the software. Finally, in Segtion
we conclude with futurémprovements of th8atAnalysiscode.

The nest time resolution of a DPH is 300 s, however the
integration time for a survey image can last longer. Processing
these different time integrations of DPHs can be sgelcwith
thetimesep parameter, which tellsatsurvey to process
the data at the 300“®PH’ timescale or the longésnapshdt
timescale. Here, we generally refer to the different time
resolutions as snapshots. There can be multiple snapshots
V\yvithin a given survey observation ID.
With the aforementionediters applied, our DPHs become
DPIs. We now need to ensure that the data do not come from
bad quality detectors, which can be done by using the HEASoft

batsurvey-detmask task. These bad quality detectors
2. BAT Survey Data include those that

Here, we describe the general methodology of how the
survey data are processed and how mosaic images are
calculated.

1. Have been turned off by theght software.

2. Are identied as “hot’ by using the bathotpix
algorithm to search the DPI.

3. Have known noisy properties, such as high variance

2.1. Processing of Survey Data compared to Poisson statistics.

The pipeline for processing BAT survey data is implemented The detectors that meet these conditions are masked and are not
in the HEASoftbatsurvey  script. Here, we briey describe included in the analysis of the DPI.
the steps followed by this script. At this stage, it is possible to subtract xed pattern noise
Since the survey data come from DPHs that have beemmap from the DPIs. This pattern map noise needs to be
integrated for at least 300 s, we need to be able to convert thesealculated following the methods outlined in Tueller et al.
DPHs to detector plane imagé®Plg from which we can (2010, Baumgartner et al2013, and Oh et al(2018. As
extract spectra anduxes. Before the histograms are converted outlined in Tueller et al2010), the pattern noise is spatial and
to sky images, they need to be energy corrected and haveéemporal noise that originates from nonuniform detector
spatial and temporallters applied. properties. This type of noise needs to be obtained through
Starting with the downloaded survey data, the DPHs arelengthy analyses of the detector plane in time and, as a result, is
adjusted such that all the detectors use the same energy scal®t handled by théatclean  script. This source of noise in
with the HEASoft batsurvey-erebin script. After, the  the DPIs is relevant on timescales aflays and is especially
DPHs are rebinned into the user-requested energy ranges. Bynportant for the creation of mosaiced imagésee
default, the energy ranges are-2@, 26-24, 24-35, 3550, Section2.2).
50-75, 75-100, 106-150, and 150195 keV. With both temporal and spatialters applied, the DPIs are
The DPHs are thenltered to only include data that occur cleaned. This cleaning is done ushmgclean and it tries to
during good time intervalGTls) and data that are obtained by calculate the contribution of bright sourdesith a detection
detectors that produce qualitytaldor the determined GTIs. The signal-to-noise ratio(S' N) greater than thecleansnr

GTI ltering is applied with theatsurvey-gti ~ HEASofttask.  parametarand the background to the counts in the image.

The conditions for a period being a GTI are as follows: This is important since known bright sources can contribute to
1. Swift must be in a stable pointirghe control attitude ~ the detected counts of other sources in the image. This
“10 settled ag must be spt contribution is determm(_ad by ray tracing calculations of the
2. The star tracker must be reportif@K.” shadow pattern of the bright sources on the detector plane. The
3. The BAT boresight must be30° above the Eartss limb. DPIs are alsc_i balancet at this stage, which e_nta|ls removing
4. The overall event rate of the detector array is not too low the systematic count rate offsets between different regions of

or high, which can be spead by the user with the the_detector plane. The.variation from d_etector to detector is

rateminthresh and ratemaxthresh parameters, attributed to the variation in the_quallty of the CdZnTe

respectively. detectors and the variation in dead times. The variance between
5. A minimum number of detectors are enabled, which candetectors located in the inner region of the detector array versus

be specied by the user with theetthresh  parameter.  the outer edge of the array is attributed to cosmic-ray events

6. No DPH bins have any missing data reported. and X-ray illumination of the sides of the detectors. Bright
7. The DPH interval does not cross the midnight UTC sources will also cause the mask support structure to cast a
boundary*° shadow on the detector plane, which is highly energy

dependent. To ignore these shadows, we ignore the mask edge
9 Additional information can also be found ltpst/ swift.gsfc.nasa.gdv regions of the detector for bright sources as determined from
analysigbat_swguide_v6_3.pdfand httpst/ swift.gsfc.nasa.gdanalysis ray tracing calculations for bright sources wed by the
BAT_GSW_Manual_v2.pdf brightthresh parameter.
This restriction is enforced to reject data from this time period where the After all this Itering batsurvey subtracts the bright
spacecraft has been commanded to perform small maneuvers in the past. ! . .
Currently, observations typically end by 00:00:00 UT so this criterion is meant Sources and the background from the DPI and determines if

mostly for historical data. there are any detectors that have counts that deviate from the
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mean byN , whereN is specied by thebadpixthresh pattern maps In the case of noise pattern maps, these are time-
parameter. The number of remaining detectors then needs to beéependent maps of noise in the detector plane that needs to be
compared to the user-deed detthresh2 parameter to  subtracted otherwise the noise pattern will accumulate as
determine if the DPI should be kept or not. images are added together. Thus, the noise pattern maps need
Once DPIs have beenltered, we can construct the to be passed intdatsurvey before doing a mosaicing
corresponding sky image. This is done with the HEASoft analysis, where the passed in pattern map is one that has been
batfftimage task which cross-correlates the DPI with the calculated closest in time to the survey observation that is being
coded-mask pattern. The sky images cover a solid angle ofinalyzed. Additionally the combination of survey observations
120 x  60° and are corrected for geometric projection and must be done in a spe@ way to minimize statistical errors and
partial coding effects. Partial coding maps and noise maps arenaximize the SNs of faint sources.
also generated, where a partial coding map denotes the partial To calculate our mosaic image, west need to bin our
exposure of each pixel in the sky image and the noise mapsurvey observations into time bins of interest and then add all
show the root mean square error of the pixel values in the skythe snapshots together to get tmal exposure map, the partial
image. ; coding map, the sky image, and the variance map. The
The output image has a resolution 66 ®ixeF* on axis and individual snapshots are linearly interpolated onto grids of the
becomes ner by a factor of 2 at the edges of the sky image entire sky that uses the zenith equal angle projection to prevent
(and associated mgpdue to the fact that the sky projection is distortion of BATs point-spread function. There are six sky
done in the tangent plane. facets which overlap with one another, and each has a central
Each sky image can also be analyzed with the HEASOoft pixel resolution of 2/8. There is additional ltering done to
batcelldetect task, which uses a sliding annulus to search minimize the effect of Sco X-1 on the resulting mosaiced
for sources in the image. This task will take in an input catalogimage, due to its brightness, and exclude survey sky images in
consisting of sources and their R.A. and decl. coordinates andvhich the reduced chi squared of the image is suboptimal.
search the image for them. It can also be used to search the To calculate the totalat exposur& for each mosaic image,
image for sources not speed in the input catalog at arl IS we interpolate and add the exposures of each snapshot of
above a user-spead value. The output of this task running as interestk, in each pixel(i, j) as
a part ofbatsurvey is a ts catalog with the detected sources
and some properties including rateNS, and other standard Ei, 08 ks (1)
columns produced by theatcelldetect task. k

The batsurvey — script does not include the capability t0 \yperef, | is the mosaic image at exposure in each pixel and
calculate a sourte spectrum. To calculate the spectrum we o ixis the at exposure map of thieh snapshot of interest once
rst extract the rates for the source of interest in each ENeI9Y has been interpolated on the sky grids. To calculate the partial

bin and save it to a pulse height amplitu@®HA) le. This . ; . ;
information is found in the catalogle output by the  coding vignetting mask we multiply theat exposure by the

batsurvey  task. It is important to note that these rates are Partial coding and then interpolate onto the sky grids and add
already background subtracted. Then, the user needs tdhe values in each pixel. This is given as
calculate the detector response mgtiRM) for the PHA le P _ o
corresponding to the snapshot, which is done with the L) OS8Rk 2
batdrmgen script’! With these steps complete, the PHA K
le can be loaded in Xspec and further analysis can be don&vhereP;; is the mosaic partial coding exposure map gndis
(Arnaud1996. the partial coding map for theh snapshot of interest once it
Combining the rates from each snap&hotatalog can a5 peen interpolated on the sky grids.
provide an energy-dependent count rate light curve for our T cajculate the standard deviation in the mosaiced image
source of interest at either the DPI or snapshot time resolutionsy, energy band, ;;;, we add the inverse variances and then

Analyzing each spectrum allows us to understand any sgectral conyert back to normal standard deviation. This is given as
ux evolution of the source at the same time resolution as well.

The steps outlined here are illustrated in Figumehere we 1
show an example of processing BAT survey data for a single Tiy 7 3)
observation ID of the Crab Nebula. TBatAnalysispackage \ EH‘J ki
follows these same steps to process BAT survey data, as is
outlined in Sectior8. wheretij . = (Vijki/ Cijki) is the energy-dependent off-axis
corrected standard deviation map once it has been interpolated
2.2. Mosaiced Images on the sky grids. Herey; \, is the standard deviation map of

The processing presented in the previous section representst € snapshot in .each energy band &gk is _the energy-
“time-resolvet] survey analysis. Various survey observations ependent off-axis correction that takes the width of the coded

can be combined to conduttime-integratetisurvey analyses mask into account, which affects photon attenuation through

but the individual survey data need to be combined with the mask for off-axis sources.

systematic noise taken onto acco(for example with noise To calculate the mosaiced sky image for energy thaBigh,
we add the sky images weighted by their inverse off-axis

11 BAT measures photons and converts them to pulse heights. A calibration
pulser is then used to convert the pulse height back to photon energy. The'? The at exposure is the summation of exposures from each snapshot
batdrmgen script attempts to simulate the pulse height that would be included in the calculation of a mosaic image. This exposure is not corrected
expected from a mono-energetic photon beam incident on the detector at théor with respect to the partial coding fraction of a given pixel with respect to a
midpoint of each energy bin used in the spectra. given part of the sky.
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BAT Survey Observation Processing Steps
Data Processing
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Figure 1. Here, we show an example analysis of a BAT survey data set that contains the Crab Nebula within telRAView. The survey data start as a DPH,

which has units of counts for each detector in the plane. Then I&TFing and energy corrections are made, leading to the energy-dependent DPI, which has units of
count rate for each detector. The DPI is further processed to remove additional sources of noise and then it is convolved with the BAT coded nedsktand the d
mask to produce a sky image with units of count rate in each of the eight energy bands. Theygtaslhuptect , the sky image is processed and sources are
identi ed. The source count rate in each energy band is calculated as well as the background count rate, allowing for spectra to be produced, endiglytdependent
curves, and the/$\ of the detection in each energy band.

corrected variance map for each snapshot. This is given as the ux of the Crab Nebula from 14 to 195keV is 2x4
10°8ergcnt?s>! (Tueller et al.2010).

o 0R(sjki! Gjk l)-?,ij Using the mosaiced images, we can construct count rate light
Si, j, | 2 : 4 curves and spectfalux evolution of the source at the time
O& tijki binned mosaiced image resolution. In prior survey papers, this

) ) ) ) time binning was always at the 1 month timescale.

wheres i is the sky image in each energy band as obtained
from batsurvey and the quantity(sx/ Cijk)) is inter- 3. The BatAnalysisCode
polated on the sky grids before being multipliedthy;. . . . .

Once the mosaic sky images have been constrtfjcted with the [N this section we g3utlme thBatAnalysis(Parsotan et al.
associated standard deviation maps we can search the imagggza Python package. The BatAnalysispackage allows a
for known sources. The process of searching for sources in th&iser to
mosaic images is identical to what is done in the processing of 1. Download BAT survey data sets.
individual survey data. We can use the HEASu#Htcell- 2. Create custom source catalogs.
detect task to search the mosaic sky images for known 3. Process BAT survey observations.
sources that have been passed in through an input catalog or for 4. Conduct spectraltting.
unknown sources that have been detected at soialSove a 5. Determine if a source was detected to some userede
user-specied value. The output dfatcelldetect isa ts threshold.

le with the detected sources and their properties, including the 6. Create and process mosaiced images.

count rate of the detected source in each of the eight energé_ . . .
bands. The energy-dependent count rate information can bd N€ BatAnalysispackage is a wrapper for HEASoftpy, which

used to construct a PHAle where the count rate in each aIIO\_Ns for_ identicgl processing of BAT survey data as what is
energy band is already background subtracted. To do spectrdtutlined in Section2.1 Thus, the les produced by the
tting with these mosaic spectra, we are unable to use thdrocessing of the survey data are also identical to what is
batdrmgen task which was used to analyze spectra from produced by the H_EASpft plpellne. In thI_S. section we elaborate
individual survey data sets and instead have to create a DRMN €ach of the prior highlighted capabilities of the software.
that takes the mosaic systematics into account. The DRM thaPocumentation is included in thBatAnalysisgithub repo,

is used for spectra that are produced from mosaiced images is

constructed based on recreating the known spectrum o#3 s package is open source and is available on githiittss/ github.

the Crab Nebula where the photon index 2.15 and com parsotdtBatAnalysis
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which goes into the details of how to utilize the software to mean that much of the documentation on the HEASoft scripts
accomplish the tasks outlined in this section. Additionally, the are still valid for theBatAnalysissoftware.

codes that were used to produce the results in Setpoovide As is outlined in Sectior?, it is also possible to include
examples of how to use the Python package. pattern noise mapswhen processing survey data, which is
necessary if the user plans on making mosaiced images. The
3.1. Downloading BAT Survey Data Sets code searches for the appropriate pattern noise map to include

in the call tobatsurvey and if the date of the observation
exceeds the most up-to-date pattern noise map, then it uses this
pattern noise map by default. This decreases the sensitivity of
he mosaic images slightly since the proper daily noise map is
ot applied; however, the long-term noise trends of the most
recent pattern noise maps still get applied, removing most of
he buildup of pattern noise. If the code cannatd the
irectory with the pattern noise maps, then it does not
incorporate any of these maps in the processing of the
survey data.

Prior methods of querying and downloading BAT data sets
required using the High Energy Astrophysics Science Archive
Research CentqHEASARQ for observations that a user is
interested in and then downloading the data sets through their we
interface. Alternatively, itis possible to use the Astroquery
(Ginsburg et al2019 Python package to query HEASARC for
the data, but the user would still need to download the data usin
the HEASARC web interface. Now, with tigatAnalysiscode,
users can both query HEASARC for observations that match

b e e are__ONEe he Survey dta set has been processethaalysi
of, which cannot be I?ncluded in typical queries of HEASARC software allows the user to calculate the specfamRHA le)
’ ypical g ' gf‘ the source of interest. THEatAnalysigpackage also allows

A dotl So0rinate of ntorest, W recommend that tere el user to calculate the DRM for each specirum that has been
- : : enerated. Other information relevant to sources of interest is

Q::rgﬁgggiﬁea?gglsné tiﬁ':rﬁggg sg;vdattlﬁgr? thaétvanﬁa&))/artneet thei also calculated by thBatAnalysiscode including the count
q rate, local background variance, and tHéNSn each of the

Python packagdéto calculate the area of the detector plane that ¢ .
. . . . eight energy bins used for the survey data and the energy-
is exposed to the astrophysical source of intéredt.this integrated 14195 keV energy range.

exposed area is greater than some véhlen to be 1000 cf
for this paper, which corresponds to a partial coding fraction of

19%), then that observation ID will be included in those that 3.4. Spectral Fitting

ultimately get downloadetf. Once a user has created the PHA and DRé&4 for a given
source and observatioBatAnalysidacilitates a spectraltting
3.2. Creating a Custom Source Catalog of the spectrum using the pyXspec package. Using pyXspec,

BatAnalysiswill try to t a model to the spectrum and obtain

errors on the various free parameters. The default model is a

cflux “powerlaw model, although the user can pass in

different models and parameters following the functionality

offered by pyXspec. An important aspect of spectttihg is

the type of statistics that is used dBdtAnalysisalso allows

the user to employ chi-squared or cstat statistics based on the

photon count. If the user wants to do their own spectitéig

using other tools they can use the produced DRM and PHA
les but may need to take special care with including the

appropriate systematic errors.

The BatAnalysiscode includes a cataloge that includes
1278 source$! If there is a source of interest that the user
would like to analyze, and the source is not present in the
default catalog le, then the user needs to add this source to the
catalog that will be used later on in the BatAnalysis pipeline, as
shown in Section3.3. This operation is possible with the
BatAnalysissoftware and allows for the analysis of previously
unknown and uncataloged sources.

3.3. Processing BAT Survey Observations

The steps outlined in SectioR.1 are followed by the
BatAnalysis code, which conveniently allows us to call 3.5. Detection and Nondetection Criteria
HEASoftpys batsurvey  and other scripts. As a result, the

les that are produced H¥atAnalysisare identical to those The BatAnalysiscode also allows users to determine if a

produced by HEASoft scripts that are used to analyze BAT Source was detectejd to some mied Ievel._ If it is not detected
or the spectral t is not well constrained then the code

survey data. Additionally, users can pass in a dictionary that X ; :
has keyvalue pairs that correspond to the HEASoft parameters/€COMPUtes the spectrum using the background variance times
the signi cance that the user requests. Then, this spectrum is

and the values that the user would like to set for those HEASoft d4 with I 4 ith d oh ind
script parameter$. These properties of thBatAnalysiscode tted with a power-law prae with a xeg photon Index
speci ed by the user to get aix upper limit. This procedure is

outlined in Laha et a[2022). This upper limit estimate is very

= basic, but more advanced upper limits calculations can easily
15 This exposed area calculation does not take into account the number of

active detectors or their positions. This is a simgdtering to ensure that .

sources are relatively close to the BAT boresight to minimize the increased 3.6. Mosaiced Images

noise at low partial coding fractions. To create mosaic images, tBatAnalysiscode allows users
16 Depending on the number of snapshots in a single survey observation, the ges, Yy

size of an individual survey data set is typicallg00 MB while the directory 1O Create a list of survey observations that they would like to
that holds the processed survey results can be as large fesv GB.

17 A text le with all the sources included in the Cataldg can be found on 19 These noise maps can be obtained frd]ﬂps[/ Zenodolorgrecord
the github repository for easy reference. 7595904¢ .Y9q7pS-B3T8(Parsotar2023. The pattern maps included in this
B general, Python dictionaries are the means by which users passcurrent release are only updated until 2019 July 31, however theswill be
parameters to the relevant HEASoftpy tasks withinBagAnalysiscode. updated regularly in the future.
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bin into some set of user-deed time bins. TheBatAnalysis 2005
will create a mosaic image for each requested time bin
assuming that there are survey data to be binned. Additionally, 44001
the code also creates a time-integrated mosaic image that
extends from the start to the end of the user-spécset of =
time bins. These images are the intermediate summedg 20393

1
1
i
1
quantities in Sectior2.2 and the nal images with physical & ﬁl:!
i
1
i
1
|
1

N
a3 3
[e)]

b
*

W

units. The BatAnalysis pipeline automatically saves the %0.0390-

intermediate mosaiced images, which can be summed at aZ

later point in time to produce mosaic images over larger 5 (o385 |

time bins. S
Following the creation of these mosaic images, the

BatAnalysicode allows users to produce the same information

as is possible with individual survey observations.

w2yl
* 5 ®*

*
0.0380 -
* * #+ BatAnalysis Monthly Mosaic

% Tueller et al. (2010)
1

0.0375 3 14 15 16 17 18
3.7. Parallelized Analysis ' " MET Time (s) ' X108

The BatAnalysissoftware also has convenient parallelized Figure 2. The comparison between the Crab Nebula monthly mosaic light
functions that allow for the expedited analysis of large sets ofcurve from the 22 month analysis done by Tueller ef2110, shown in red,
survey data. These functions allow for multiple survey data setsg7, 28 5000 90 FEEe 00 e, 20 ol sahed fnes denotes the star o
to be processed at the same time an,d for ml‘_'ltlpl,e MOSaAIG 405 and 2006 for reference. The maximum percentage difference between the
analyses to be conducted at the same time on differing CPUswyo analyses is 2% for the month 2005 February, showing the ability of the
The inputs to these parallelized functions are sinepli BatAnalysiscode to recover prior BAT survey analyses.
compared to their full capabilities to allow these functions to
operate more generally. However, users can use these functions

as templates for their own personal codes which meet theirsurvey analysis Tueller et g2010 use all available survey

speci ¢ analysis needs. data sets, some of which are noisier than others due to the
location of the Crab Nebula being at lower partial coding
4. Applications of BAT Survey Data fractions. Averaging these noisy images with the less noisy

images causes the count rate of the Crab Nebula to be lowered
since the count rates for sources can become negative once the

the BatAnalysiscode as applied to known cataloged sources, backg_round is _subtracted from noisy ima}ges. This effect can be
such as NGC 2992, and previously unknown, uncataloged_Seen In Equ_atlo_m4). W'th the BatAnaIyS|sresuIts, we av0|d_
sources such as MAX| J0637-430. including noisy images in our analysis by only downloading
survey data sets from HEASARC where the Crab Nebula has a
partial coding 19%. Due to the lack of noisy images, the
4.1. Crab Nebula measured count rates are slightly higher although this amount is
We rst look at the Crab Nebula to test tBatAnalysis negligible, as can be seen in Fige
software and verify that it is able to reproduce the prior In Figure 3 we show the results of analyzing thest 22
analyses done by Tueller et €010. months of BAT survey data with tHgatAnalysiscode and the
We use Astroquery to query the HEASARC for observations  exibility of the code. In Figur&(a), we show the count rate
of the R.A/decl. coordinates of the Crab Nebula from 2004 light curve of the Crab Nebula at different time resolutions. In
December 15 to 2006 October 27, the start and end dates of thgray we show the individual BAT survey snapshots that were

22 month survey pap¢Tueller et al2010. We then Iterthe  downloaded and analyzed, while in green and blue we show the
table of returned survey observations based on observationggynt rates obtained from monthly and weekly mosaiced
wherg the exposed area of the BAT detectoroglane to the’lmages, respectively. In FiguBgh) we also show the/N of
coordinates of the Crab Nebula was at least 1000 Ehiese  hege detections of the Crab Nebula at each time resolution. For
survey data are then binned and combined appropriately tQach survey snapshot and mosaic, we also extracted spectra and
create monthly and weekly mosaics. . . tted them with acflux “po model, and plotted thetted

As shown in F|gu_réz, the monthly mosaic count rate light uxes and photon indexes,, in Figures 3(c) and 3(d),
?ggﬁﬁsc(;lf#éaéezdm\ggthh tshu?\?éAlTéllll)é?ngld;Ofg:ﬁﬁﬁiI’:Nal.trf]e\f\t]e respectively. Any spectra that were not well constrained were
percent, verifying the correc;‘r{ess of BatAnalysiscode. We used to estimate Supper limits on the Crab Nebula at that time

' . ‘ eriod. These points areux upper limits represented as

plot the 22 month survey count rate light curve from Tueller Friangles with :p2.15 which is the value usedpin the power-

et al. (2010 in red while the green points show the monthly . e X
mosaiced light curve for the Crab Nebula as calculated with theIaW spectral t used to obtain the upper limits. The horizontal

BatAnalysissoftware. There is a systematic offset of the !IN€ In Figure3(d) shows = 2.15.

BatAnalysigpoints with respect to the 22 month survey count _ Additionally, Figure3 shows the survey data sets that are

rates. This difference can be explained by the underlying datdncluded in the various mosaic time bins. Some mosaic time

that are used to calculate the mosaic images. In the 22 montRiNS have many survey data sets and the detections are strong
with well-constrained spectra, while others have no or few

20 Al the code for the examples shown here can be found in the notebooksSUIVeY data sets included in their calculation, which affect the

subdirectory of the github. resulting $Ns and spectralts.

In this section, we show checks of the code by analyzing the
Crab Pulsar Nebula. Additionally, we show the capabilities of
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